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Quantitative polymerase chain reaction (QPCR) nusthwere developed for the
specific detection and quantification &firgibacillus sp. SK37 andTetragenococcus
halophilus MS33, which were used as starter cultures for $sbce fermentation. Virl086
and Tet48 probes were designed from the alkalinees@rotease-X geneyfrX) and the
internal transcribed spacer (ITS) ®rgibacillus sp. SK37 andT. halophilus MS33,
respectively, showed species-specificity fot halodenitrificans and T. halophilus,
respectively, without cross reacting with other gge of microbiota isolated from fish
sauce fermentation. The efficiencies of Virl086 det¥8 probes for the detecting purified
DNA from Virgibacillus sp. SK37 andT. halophilus MS33 were 100.4% and 91.7%,
respectively. The quantification limits of the methfor Virgibacillus sp. SK37 andr.
halophilus MS33 detection were f@Cells/mL and 18 Cells/mL, respectively. The qPCR
combined with 100 uM of propidium monoazide (PMAGR®) method was successfully
detected viable cell changes\afgibacillus sp. SK37 and. halophilus MS33 in a Spanish
mackerel fish sauce fermentation model.

Quantification of starter cultures in fish saucenfented for 6 months by PMA-

qPCR was higher than that of viable plate countsiah0-1G Cells/mL at 120-150 days of



fermentation P < 0.05). Fish sauce prepared by addiimgjibacillus sp. SK37, followed by
T. halophilus MS33 after one month (SK37_1M+MS33), showed highevival rate ofT.
halophilus MS33 than that of the single starter culture tremit. Histamine contents of
SK37_1M+MS33 and fish sauce inoculated withgibacillus sp. SK37 (SK37) were lower
than the controlR < 0.05).a-Amino contents of fish sauce added simultaneousuttoires
(MS33+SK37) and SK37_1M+MS33 were 1,160.41 and 3./4B mM, respectively,
compared to the control (1,008.29 mM). Contentsodél and free glutamic acid from
inoculated fish sauce were also higher than thdrab(P < 0.05). 2-Methylpropanal, 2-
methylbutanal, and 3-methylbutanal were major Welatcompounds found in
SK37_1M+MS33 fermentation. Addition of starter cué, particularly co-cultures in
sequential order (SK37_1M+MS33), showed potentaintprove volatile compound and
chemical compositions of fish sauce to a greatergsthan single culture inoculation.
Bacterial profiling of fish sauce inoculated witlager cultures was analyzed by 16S
rRNA gene sequencing usimgxt generation sequencing, lon Torrent Personalo®e
Machine (PGM). GeneraBacillus, Brevibacillus, Saphylococcus, Tetragenococcus, and
Virgibacillus were domonantVirgibacillus was predominant in fish sauce inoculated with
MS33+SK37 but Tetragenococcus was dominant in fish sauce inoculated with

SK37_1M+MS33.
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CHAPTER |

INTRODUCTION

1.1 Introduction

Fish sauce is an amber liquid with salty taste @distinctive odor. It is widely
used as a seasoning in Asian cuisines. Productiishosauce involves mixing of fish and
salt at a ratio 3:1 and putting in a fermentatiankt at ambient temperatures for 12-18
months. Protein hydrolysis during fish sauce ferragon is naturally induced by both
endogenous from fish viscera and microbial enzymesding to formation of small
peptides and free amino acids. Due to long ferntiemtaime, production growth is very
limited (Akolkar, Durai, and Desai, 2010). Therefpthe addition of suitable starter culture
to accelerate fermentation and to improve fish eagor has been investigated. In the past,
Staphylococcus xylosus was added to fish sauce mash (moromi) to imprasredauce odor
(Fukami, Funatsu, Kawasaki, and Watabe, 2004)ediuced dimethyl trisulfide in the
finished product. In 2007, Yongsawatdigul, Rodtoaggd Ruksakulthai applied proteinase-
producing bacterium, namelyirgibacillus sp. SK37, in combination with commercial
enzymes to reduce fermentation to 4 months. Akatka. (2010) reported that addition of
Halobacterium sp. SP1(1) as a starter culture in fish sauce stiatlve highest protease
activity, peptides andi-amino acids content at 10 days of fermentatiodjcating that
fermentation time was accelerated. In 2011, UdgmBbdtong, Choi, Hua and
Yongsawatdigul reported thatragenococcus halophilus isolated fromnam pla produced
desirable volatile compounds and increased amimsasuch as glutamic acid which is a
main contributor to umami taste. It was also fodimak T. halophilus can reduce dimethyl

disulfide, a compound contributing to fecal note.



Moderately halophilic bacteriumyjirgibacillus sp. SK37, was isolated from 1-
month-old Thai fish sauce mashes (Nawong, 208)gibacillus sp. SK37 produced
extracellular and cell-bound proteinases at highcsecentrations (Sinsuwan, Rodtong and
Yongsawatdigul, 2007; 2008). Extracellular protsem showed an increase in activity at
NaCl concentrations up to 20% with the optimumaistiat 65 °C, pH 8.0. Cell-bound
proteinases exhibited maximum activity at 65 °C, pB-9.0 and showed high stability at
25% NaCl, 30 °C. Both extracellular and cell-boyandteinases can hydrolyze fish protein
at high salt concentrations (Sinsuwan, et al., 2@D08). Addition ofVirgibacillus sp.
SK37 in fish sauce fermentation as a starter ceillinowed ability to hydrolyze fish protein
and reduce fermentation time. Furthermore, totahamacids of fish sauce samples added
Virgibacillus sp. SK37 fermented for 4 months were comparableotomercial fish sauce
fermented for 12 months without affecting the sepsoharacteristics. These results
indicated thawirgibacillus sp. SK37 showed potential as a starter culturad¢oeleration of
fish sauce fermentation.

Halophilic lactic acid bacteria (halophilic LABY,. halophilus MS33, was also
isolated from 1 month-old Thai fish sauce fermeatat(Udomsil, Rodtong, and
Yongsawatdigul, 2010). It can grow at 0-25% NaQl agdrolyzes fish proteins containing
25% NaCl.T. halophilus was also found in sugar-thick juice (Justé et241Q8), fermented
mustard (Saun-tsai) (Chen, Yanagida, and Hsu, 200&)anese-fermented puffer fish
ovaries (Kobayashi, Kimura, and Fuji, 2000), Indeiaa ‘terasi’ shrimp paste (Kobayashi
et al.,, 2003), and Indonesian soy mash (Roling, ¥etseveld, 1996). LAB play an
important role in food fermentation, including segim fermentation (Li, 2003) and
fermented mustard (Saun-tsai) (Chen et al., 200163y produced several kinds of organic
acids including lactic acid, acetic acid, propioamd, which are responsible for distinctive
taste in fermented products. In addition, LAB caroduce volatile compounds e.g.

aldehydes, ketones, and alcohols. These compoupdsibuted to distinct flavor



characteristics of fermented foods (Liu, Han an@wH2011). Recentlyl. halophilus was
used as a starter culture to improve flavor charatics in fish sauce fermentation.
Inoculated fish sauce samples containing 2-metbplipnal, 2-methylbutanal, and 3-
methylbutanal with meaty note and did not contamdasirable sulfurous compounds
(Udomsil et al., 2011). 1t is likely thal. halophilus found in fish sauce could play a
significant role in flavor formation during fishisee fermentation.

Action of microorganisms and enzymes during ferragon leads to desirable
biochemical and nutritional changes. Generally esslvmicroorganisms are involved in a
naturally-fermented food product. For examd@gptococcus thermophilus, Lactobacillus
delbrueckii subsp.bulgaricus, Lb. helvelticus, and Lb. fermentum are starter cultures for
cheese production (Cremonesi et al., 2011). Thiesemophilic LAB are predominant
bacteria during cheese making and the earlier stdgepening. The essential role of
thermophilic LAB is acidification. Zhao et al. (2D1 reported that combination df.
pentosus, Pediococcus pentosaceus, and S. carnosus as starter cultures in dry fermented
sausage production could increase unsaturateddtigeacid and increase shelf-life of the
products. Ciani and Comitini, (2015) reported of ltingeast starter cultures of wine
fermentation was synergistic due to proteolytiawtyt of non-Saccharomyces at the initial
stage leading to enrichment of nitrogen source.nTBecerevisiae strains uptake and the
consequent consumption of some amino acids. Siirggbacillus sp. SK37 exhibited high
proteolytic activity, whileT. halophilus contributed to desirable volatile compounds it fis
sauce, the use of both bacteria for starter cidtw@uld synergistically improve production
and quality of fish sauce. The use of co-cultufegingibacillus sp. SK37 and’. halophilus
MS33 for fish sauce fermentation should be studieiematically.

Traditional plate count technique has long beerd usemonitor changes of
microbial population of various fermented foodBrecise enumeration is limited by such a

technique. The major drawback is that it canndedsntiate starter cultures and microflora



based on colony morphology. Moreover, plate coannot detect viable but non-culturable
(VBNC) cells which occur when cells are under sreenditions such as high osmotic
stress, extreme pH, or high salinity (Fakruddinnii@n, and Andrews, 2013). This leads to
underestimate ‘true” microbial population. Furthems traditional method takes longer
detection time with lower sensitivity (Cremonedi,aé, 2007). The accurate determination
on the changes of starter cultures would providecal information of microbiological
dynamics during fermentation. Therefore, a bettemaeration technique is greatly needed.
Real-time quantitative PCR (gPCR) has bemreldped for detection of mixed
bacteria in food specimens based on specificity sesitivity of gene detection using
specific probes (Johnson, 2000). Specific genesinsgsuch as protein-encoding gene, ITS
region, or virulence gene have been used to degigaific probe which can differentiate at
the species level. However, qPCR detects both divé dead cells (Delroisse, Boulvin,
Parmentier, Dauphin, Vandenbol, and Portetelle, 8200vhich could lead to the
overestimation of “active” microbial population. dpidium monoazide (PMA) treatment
has been used to discriminate live and dead deN$A was a derivative of propidium
iodide and is a positively charged molecule that easily penetrate dead or membrane-
compromised cells. Inside cells, PMA intercalat® idouble-stranded nucleic acids, and
upon light exposure, cross-linking of the DNA oand its PCR amplification is inhibited
(Nocker, Cheung, and Camper, 2006). Several studegs® been performed by gPCR
combined with PMA (PMA-gPCR) for quantification dbod-borne bacteria, mainly
pathogens such d&ampylobacter in broiler chicken carcasses (Pacholewicz, et28l13)
and Listeria monocytogenes in fresh-cut vegetable (Elizaquivel et al., 2018pwever,
PMA-gPCR has not been studied for detection andhtifiation of starter cultures in fish
sauce fermentation. There are many factors ffaat&NA binding by PMA such as type

and concentration of target bacteria (Zhu et 81,23, fat content of food samples (Yang et



al., 2011), or M§' concentration of gPCR reaction (Nocker et al.,8pTherefore, optimal
condition of PMA-gPCR should be investigated.

Only high-throughput and high-resolution détat methods, such as next-
generation sequencing (NGS) techniques, thousandshy-millions of sequencing
reactions are produced in parallel. NGS is a nemegadion of sequencing technologies has
provided unprecedented opportunities for high-thgigaut functional genomic research. The
technologies have been applied in a variety of edst including whole-genome
sequencing, targeted resequencing, discovery woisdrgption factor binding sites, and
noncoding RNA expression profiling. NGS can adeelyaassist in the task of extensively
and intensively investigating patterns of distribot of microbial communities in
environment (Lindstrém and Langenheder, 2012). Torrent Personal Genome Machine
(PGM®) was performed to analyze bacterial profiling, evhis the fastest throughput and
shortest run time (Nikolaki and Tsiamis, 2013). [Barrent PGM uses semiconductor
sequencing technology. When a nucleotide is ingaed into the DNA molecules by the
polymerase, a proton is released. Each well holdfiffarent DNA template. The ion
changes the pH of the solution, which is detectedrbion sensor. By detecting the change
in pH, lon Torrent PGMrecognized whether the nucleotide is added orEmth time the
chip is flooded with one nucleotide after anothért is not the correct nucleotide, no
voltage will be found. Chip contains hydrogen iatettor that translates released hydrogen
ions from each well into a quantitative readouhotleotide bases that were incorporated in
each reaction step. If there are two identicakbam the DNA strand, the output voltage is
doubled. lon Torrent PGR1 is the first commercial sequencing machine thasdnot
require fluorescence and camera scanning, resuiltihnggher speed, lower cost, and smaller
instrument size (Flusberg, Webster, and Lee, 20M®. new lon Torrent PGRigenerates
read lengths of around 350 bp, which are usedltgaps in the assembly produced by other

technologies (Gupta and Gupta, 2014). The qualityfish sauce greatly depends on



dynamic changes of microflora during fermentatiBecause most fermentation processes
rely on microorganisms acting in concert to praEthe desired product characteristics.
Addition of starter cultures might change patterin noicroflora in the fermentation.
Therefore, the changes of microflora as affectedstayter culture inoculation should be
elucidated. The lon Torrent PGMappears to be the current technology that carppkea
to monitor dynamic changes of microbial populatiuming fish sauce fermentation.

The aims of this study are to 0degibacillus sp.SK37 andT. halophilus MS33
as co-cultures for improving chemical and microbgptal characteristics of fish sauce. The
gPCR technique was developed to detect live stadieures during fish sauce fermentation.

lon Torrent PGM was used to investigate microbial profiling in fisfuce.

1.2 Resear ch objectives

The objectives of this research were:

(1) To develop gPCR method for specific detectioViwgjibacillus sp. SK37 and.
halophilus MS33 in the fish sauce sample.

(2) To apply the combined cultures dirgibacillus sp. SK37andT. halophilus
MS33 for fish sauce fermentation and to investigetemical and physico-
chemical properties of fish sauce fermented usiognkined cultures as
compared to single culture inoculation.

(3) To apply the developed gPCR method to monitor pettpart changes of the
combined starter cultured/irgibacillus sp. SK37 andT. halophilus MS33,
during fish sauce fermentation.

(4) To detect microbial profiling in fish sauce inodeld with starter cultures using

lon Torrent PGM



1.3 Resear ch hypotheses

The use ofVirgibacillus sp. SK37 andl. halophilus MS33 as combined starter
cultures for fish sauce fermentation would resuoltifferent chemical and microbiological
characteristics of fish sauce as compared to smgtare inoculation. In addition, the use of
the combined cultures could improve survival ratendividual cultures. Specific probes
designed from specific genes/regions such as pretecoding genes and ITS region would
be specific for detection of respective culturesresl-time qPCR. The developed qPCR
technique with propidium monoazide (PMA-gPCR) tneanit can detect and quantify live
cells of T. halophilus MS33 anaVirgibacillus sp. SK37 during fish sauce fermentation. lon
Torrent PGM approach could be used to study changes of midrghifiling during

fermentation.

1.4 Scope of the study

Virgibacillus sp. SK37 and. halophilus MS33were used as combined cultures for
fish sauce fermentation. Volatile compounds, anaicid profiles and peptides of fish sauce
samples were analyzed. Moreover, physico-chemiaedmpeters, such as biogenic amine,
total nitrogen, andu-amino acid content were determined. Fish sauceplesmadded
individual cultures were prepared in comparisorhvabmbined cultures inoculation. The
gPCR technique was developed using ITS regionagng gene ofT. halophilus MS33 and
Virgibacillus sp. SK37, respectively. DNA probe was designechft®dS region andprX
gene using Primer Express 3.0 software. Specifiaitg limit of quantification of the
method were tested using type strains, microfleodated from commercial fish sauce tank,
pure cultures and spiked sample. Efficiency of DdMraction was performed. Fish sauce
inoculated with starter cultures was quantified ¥@ble cells by PMA-qPCR. Changes of
microbial profiling of inoculated fish sauce during months of fermentation were

elucidated using lon Torrent PGM
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CHAPTERIII

LITERATURE REVIEWS

2.1 Fish sauce fermentation

Fish sauce is a condiment widely used in South&sist produced by mixing
fish and salt and fermenting for 12-18 months. idqwill be transferred from the
fermentation tank to the ripening tank. After 2aii2eks of ripening, first grade fish
sauce (ham-pla) is obtained (Lopetcharat et aD1p0Chemical composition of the
first grade fish sauce contains about 20 g/L ddltoitrogen of which 16 g/L is in the
form of amino acids, 25-28% of salt, 0.2-0.7% ofnrammium, and pH 5.1-5.7 (Park et
al., 2001). There are separations of fish saucétyguato A and B grade as shown in
Table 2.1.

Table 2.1 Standard parameters for fish sauce in Thailand.

Parameters GradeA GradeB
Total nitrogen (g/ L) > 20 14-16
Protein (%) >12.5 > 9.38
Sodium chloride (%) 25-28 25-27.9
pH 5.1-5.7 5.1-5.7
Relative density at 25C >1.20 >1.20
Amino acid (g/ dL) 1.0 0.75
Glutamic acid (g/ total nitrogen) 0.4-0.65 0.4-0.60

Source:http://www.tisi.go.th
Fish sauce is obtained from natural hydrolysis bglogenous and microbial

proteinases (Lopetcharat et al., 2001). Bactetiad in fish sauce fermentation belong
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to Tetragenococcus, Archeae bacteriaMicrococcus, Sreptococcus, Bacillus and
Saphylococcus (Akolkar et al., 2010; Fukami et al., 2004; Lopetat et al., 2001,
Satomi, Furushita, Oikawa, and Yano, 1997). Thessdnia play a major role in
volatile compounds production and color developmentn addition, flavor
compounds are derived from protein hydrolysis dmehdcal reaction, such as lipid
oxidation (Lopetcharat et al., 2001). Ammonia, ede and meaty note are major
notes of fish sauce. Ketone and aldehyde compowmdsthe major volatile
compounds which contributed to cheesy and meatg, nespectively. Ammonia,
amines, and other nitrogenous compounds are reigfmrier the ammonical note
(Fukami et al.,, 2002). In general, amino acid conhtacreases and most of
polypeptides decrease during the fermentation @eribaurine, aspartic acid,
threonine, serine, glutamic acid, glycine, alaniaaline, methionine, isoleucine,
leucine, tyrosine, phenylalanine, histidine, lysiaed arginine are amino acids found

in fish sauce (Saisithi, 1994)

Biogenic amines are organic basic compounds whscimportant quality
indices of fish sauce, fishery products and fermerfbods. Biogenic amines are
generated by decarboxylation of amino acids thrasugbstrate specific enzymes of
bacteria (Brink, Damink, Joosten, Huis, and Vel@d9d). Many groups of bacteria,
such asMorganella morganii, Pseudomonas sp.,Staphylococcus sp., and some lactic
acid bacteria have been reported as biogenic arpioekicer. Histamine content in
fish sauce is very important for safety.Histidinefish muscle is the primary source
for histamine formation by bacterial histidine ddmxylase. The maximum
allowable histamine content of fish sauce basedCamadian Food Inspection

Agency (CFIA) is 20 mg/100mL (CFIA 2003) and 50 da@MmL by U.S.A.
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(Brillantes et al., 2002). Brillantes et al. (20@@)ncluded that histamine formation
in fish sauce can be controlled by lowering theagie temperature of fish used as a
raw material and implementing hygienic practicesug, the quality of raw material
is a keyfactor in controlling histamine in fish sayproducts. Other biogenic amines,
such as cadaverine and putrescine, have been edptot enhance toxicity of
histamine because they inhibit diamine oxidase laisthmineN-metyltransferase
(Stratton, Hutkins, and Taylor, 1991). Moreoveratyine is a particular concern as
it is the most common cause of monoamine intoacat{MAI). MAI is
characterized by an increase in blood pressuresrtgsion, and prostration.

Because of long fermentation time and distinctideroof fish sauce, many
attempts have been made to accelerate the profcEssientation and improve odor.
Reduction of salt concentration (Gildberg, Hernmaasd Orejana, 1984), increasing
temperature (Lopetcharat and Park, 2002), and iadddf acid (Gildberg et al.,
1984) are reported to accelerate fish sauce featienttime. Lopetcharat and Park
(2002) reported that increasing temperature of émtation at 50 °C for 15 days
could increase total nitrogen equivalent to comméfish sauce. However, low salt
concentration may generate spoilage microorganistmgreas high temperature
increases expenditure and give negative sensoryadieaistics in the finished
product.

There are many reports describing the use of staukures to reduce and
improve fish sauce fermentation. In the past, Aptar Astiasaran, and Bello (2001)
tried to develop the fermentation process by usaltgtolerant proteinases produced
by Bacillus subtilis. They found that fish sauce addgdsubtilis increasedx-amino

content to 712 mg/100 ml at 2 days of fermentat®idberg and Thongthai (2001)
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reported that addition of halophilic lactic acidctexia (T. halophilus) in fish sauce
fermentation improved organoleptic quality and @aged total nitrogen when
compared to the control. In 2005, Uchida et al.oregul that use of koji and.
halophilus as starter cultures for Chinese silver carp fishice fermentation could
increase organic acids and amino acids, contriguto) the taste of fish sauce.
Yongsawatdigul et al. (2007) reported tNatgibacillus sp. SK37 isolated from fish
sauce showed potential to hydrolyze fish proteimeylfound thati-amino content
of 4-month-old fish sauce inoculated withrgibacillus sp. SK37 was higher than the
control (withoutVirgibacillus sp. SK37). Similarly, Akolkar et al. (2010) repexut
that fish sauce inoculatecHalobacterium sp. SP1(1) and fermented for 10 days
showed an increase ia-amino content and total nitrogen. Moreover, lgstontent

in fish sauce inoculated witHal obacterium sp. SP1(1) was higher than fish sauce
without starter culture.

Because of distinctively strong odor of fish sawtéempts have been made
to eliminate undesirable odor. Fukami et al. (20@ported that dimethyl trisulfide
and 2-ethylpyridine content of Japanese fish sa{Meromi) inoculated with
Saphylococcus xylosus is lower than that of non-treated fish sauce. €hes
compounds contribute to fecal note. Addition 8&f xylosus could eliminate
unpleasant odor in fish sauce. Recently, Udomsl.g2010) isolated 7 strains of
halophilus from fish sauce fermentation and found that thesseria showed ability
to hydrolyze fish protein extract (fish broth) aceh produce volatile compounds in
fish broth containing 25% NaCT. halophilus strains are used as starter cultures for
fish sauce fermentation (Udomsil et al., 2011).hFsauce added. halophilus

fermented for 6 months containemtamino content higher than the control.
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Moreover, desirable volatile compounds, such aefigipropanal, 2-methybutanal,
3-methybutanal, and benzaldehyde are major compoumdish sauce added.
halophilus. Furthermore, glutamic, proline, and lysine argamamino acids found
in fish sauce addedl. halophilus. These amino acids contribute to flavor
characteristic of fish sauce. These studies ineiicdhat the use of starter culture
seems to be a promising approach for technologieakelopment of fish sauce
fermentation. Furthermore, application of the cameli starter cultures to accelerate
fermentation time and eliminate undesirable odorfish sauce have not been

thoroughly investigated.

2.2 Microbiota and starter culturesin fish sauce fermentation

Microorganisms found during fish sauce fermentatiame classified as
halophilic bacteria because fish sauce contains bagncentration of salt (25-30 %,

w/v NaCl) (Lopetcharat et al., 2001). Microorganssacommonly found in fish sauce

and can be categorized as halotolerant, moderadddyphilic (0.5-2.5~3-15% salt),

and extremely halophilic (2.5-5.2 M, 15-30% satalotolerant organisms can grow
both in high salinity and in the absence of sd@cillus, Staphyloccoccus,
Coryneform bacteria, and/licrococcus are halotolelant bacteria found in initial stage
of fermentation (Chaiyanan, 2000). Moderately hhilbp bacteria were found such
as Lentibacillus salicampi, L. juripiscarius (Namwong et al.,, 2005),
Tetragenococcus halophilus and T. muriaticus (Thongsanit, Tanasupawat,
Keeratipibul, and Jatikavanich, 2002), aridgibacillus sp. (Sinsuwan et al., 2008).

For extremely halophilic archaedalobacterium salinarum, Halococcus
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saccharolyticus, andHalococcus thailandensishave been isolated from fish sauce
fermentation.(Thongthai et al., 199Z haiyananet al., 1999).

Halophilic bacteria isolated from fish sauce coptdduce proteinase e.g.
salinarium andH. cutirubrum produced extracellular proteinase at 25% NaClréiha
Wanatabe, and Tamura, 1997; Thongthai et al., 19B8ngthai and Suntinanalert,
1991). Halobacterium sp. showed ability in gelatin and casein hydrolysis,ilevh
Halococcus sp. hydrolyzed gelatin. Moreovef, halophilus has been reported to
produce aminopeptidase toward alanine with the dsghactivity, followed by
leucine, methionine, lysine, ariginine, and glutamiUdomsil et al., 2010).
Virgibacillus sp. produced extracellular proteinase at 25 %N&@isuwan et al.,
2007). The important roles of proteinase-produdiagteria are ability to hydrolyze
fish protein to peptides and amino acids by theiraeellular and/or cell-bound
proteinases.

Naturally food fermentation is spontaneous prodegsaction of several
microorganisms and enzymes during fermentatiordihgato desirable biochemical
and nutritional changes. A desirable flavor, cobmgma, or texture characteristic of
fermented product is resulted from metabolic attivof microorganisms and
indigenous enzymes (Hammes, 1990). Inconsistehéinish product might occur
because it was natural fermentation. Thereforetestaultures have been applied to
fermentation process. Starter cultures were a largembers of viable
microoraganisms, which may be added to accelerégem@ntation process. Quality
of fermented product could be improved and corallby starter cultures
(Holzapfel, 1997).

Natural fermentation processes are complexudiefy interaction among
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fermentable substrates and microorganisms. Miclkaobtaractions have an impact
on finished product of food fermentation (Smid dratroix, 2013). The outcomes
or effect of interaction between individuals of fdient species can be classified
positive (+), negative (-), or neutral (0). Type$ microbial interactions and
mechanisms can be catagorized to 5 types: (i), etitiqm (-/- interaction); (ii),
mutualism (+/+ interaction); (iii), commensalisny@+interaction); (iv), amensalism
(-/0 interaction) and (v) parasitism (+/- interac) (Hugenholtz, 1986). In a
competition, two or more species, strains or subfapns of microbes compete for
one or more growth factors. This type of interactadfects both interacting partners
in a negative way but usually leads to a tempoiacyease in relative abundance of
one interacting partner over the other. Mutualismefined as positive benefit of the
interactions between individuals of different speciCommensalism, two organisms
living together, one microorganism benefits fromotier but the other is not
affected. For amensalism, it has been describédrm of two-species-interaction,
one bacterial species was neutral and another asenegative. For parasitism, it is
the two-species interaction in which the impactoofe species on the other is
negative (Hirsch, 2004).

Proteinase-producing bacteria have been used asargersculture in
fermented food production such as cheese, fermesdgadage, fermented soybean
products and soy sauce (Fermandez-Garcia et &9)1B. subtilis, B. pumilus and
B. licheniformis isolated from soydaddawa, a traditional soy product of Nigeria
(Omafuvbe, Abiose and Shonukan, 2002) have beed asemixed cultures and
showed an increased final pH, and resulted in itjedst level of proteolytic activity

and free amino acid content. For fish sauce feratiemt, Fukami et al. (2004)
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studied role ofStaphylococcus xylosus isolated from fish sauce mush (moromi) on
odor improvement of fish sauce. They found thattt4pyridine and dimethyl
trisulfide were reduced, these compounds contribtdaundesirable odor. Uchida et
al. (2005) studied the effects of soy sauce kojl dactic acid bacteria on the
fermentation of fish sauce from freshwater silvarpc Hypophthalmichthys
molitrix). The addition of soy sauce kojiAgpergillus oryzae) resulted in a
remarkable increase of soluble components suchrgaic acids and amino acids
that contributed to taste.

The use ofVirgibacillus sp. SK37 and commercial enzymes could reduce
fermentation time to 4 months (Yongsawatdigul et &2007). Addition ofT.
halophilus MS33 in fish sauce fermentation process increagkdamic acid
contributing to umami taste and reduces fecal negalted from dimethyl disulfide
(Udomsil et al., 2011). It produced 2-methylprodand-methylbutanal, 3-
methylbutanal, and benzaldehyde to a greater etttantthe control (Udomsil et al.,
2010). These volatile compounds have significaféotfon overall aroma of fish
sauce due to their high odor activity values (OAYIsapsongphon, Cadwallader,
Rodtong, and Yongsawatdigul, 2013). Halophilic LABvere dominant
microorganisms during flavor and color changes ioflf stage of fish sauce
fermentation (Saisithi, 1994). It is likely th&etragenococcus found in fish sauce
could play a significant role in flavor formatiorurihg fish sauce fermentation.
Therefore, volatile compounds of fish sauce caremieanced by applying suitable

starter cultures in fermentation process.
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2.3 Virgibacillus sp. SK 37

The genus Virgibacillus was firstly reclassified from Bacillus
pantothenticus Heyndrickx et al. (1998)A phylogenetic group oB. pantothenticus
species was sufficiently different from othBacillus species to warrant the status of
a separate genus for which they had proposed thee NWagibacillus. This genus
could be distinguished from membersR#cillus rRNA group aerobic endospore-
forming bacteria, such asHalobacillus, Paenibacillus, Brevibacillus and
Aneurinbacillus. Thus far, there are 17 speciesvafgibacillus genus)V. arcitcus, V.
carmonnensis, V. chiguensis, V. halodenitrificans, V. halophilus, V. kekensis, V.
koreensis, V. litoralis, V. marismortui, V. necropolis, V. olivae, V. pantothenticus, V.
proomii, V. salarius, V. salexigens, V. siammensis, and V. zhanjiangensis.
Virgibacillus are motile, Gram-positive rods (0.5-0.7 x 2.0-5 pand single, pair or
long chain of cells arrangement. Their colonies swall, low convex, circular, and
slightly transparent-to-opaque. They are aerobitalase-positive, motile, and spore
forming. Virgibacillus grow at pH 6.0-10.0 (optimum at 7.5-8.0), and 10&¥%optimum
at 30-40°C). They are mostly found in saline envinent. Members of this genus are
moderately halophilic bacteria able to grow at @&2gv/v) NaCl with optimum of 5-
10% NaCl. The G+C content is 36-43 mol%, compared2-69 mol% inBacillus
species. Cell wall peptidoglycan ®irgibacillus containsmeso-diaminopimelic acid.
Major fatty acids in cell membrane are mostly aued s followed by is0-Gs:o
(Heyrman et al., 2003).

Virgibacillus sp. SK37 is a moderately halophilic bacterium islgrom
Thai fish sauce fermented for 1 monthVirgibacillus sp. SK37 is Gram-positive

endospore-forming rod, non-motile, and grows aD%NaCl, 20-45 °C, pH 4-12.
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Morphology ofVirgibacillus sp. SK37 is circular, raised, and white to crearorco
with 2-3 mm diameter. It can grow under aerobi@waerobic condition. Moreover,
it can hydrolyze skim milk on skim milk agar comtiaig 25% NaCl (Nawong, 2006),
indicating proteinase activity at high salt concaton. Virgibacillus sp. SK37 is
used as a starter culture in fish sauce fermemtatiade from Indian anchovy
(Stolephorus indicus) at 25% solar salVirgibacillus sp. SK37 showed potential to
accelerate fermentation time (Yongsawatdigul et 2007). The reason may be
because the presence of extracellular and cellsbpurteinases.

Extracellular proteinases Wirgibacillus sp. SK37 could hydrolyze skim
milk at 25% NaCl. Optimum activity of crude extriakar proteinase is at 65 °C and
pH 8.0 (Sinsuwan et al., 200&alinivibrio sp. AF-2004 anéPseudoalteromonas sp.
CP76 isolated from saline lake and saline soilpe&esvely, showed optimum
temperature and pH of extracellular proteinasesigctat 55 to 65 °C and pH 8.0 to
8.5 (Karbalaei-Heidari, Ziaee, Schaller, and Amgaze 2007; Sanchez-Porro,
Mellado, Bertoldo, Antranikian, and Ventosa, 200Bjolecular mass (Mm) of
extracellular proteinases Wirgibacillus sp. SK37 is estimated to be 81, 67, 63, 50,
38, and 18 kDa, based on native-PAGE activity stginAll proteinases exhibited
caseinolytic activity at 25% NaCl (Sinsuwan et &007). Studdert, De Castro,
Herrera, and Sanchez (1997) found that crude mades fromNatronococcus
occultus showed 7 bands with Mm ranging from 50-120 kDa.adfdiiton, crude
proteinase fronHalobacillus thailandensis contained serine proteinase with MW of
100 and 17 kDa, and 42 kDa of metalloproteinaseai{@man, Maugel, Huq, Robb,
and Colwell, 1999). Cell-bound proteinasé/ofjibacillus sp. SK37 was C&

activated serine proteinase with subtilisin-likeaccteristics. The enzyme exhibited
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maximum activity at 65 °C, pH 7.0 and 9.5, basedpocasien as a substrate. Cell-
bound proteinases showed high stability at 25% N&DI °C and effectively
hydrolyzed anchovy actomyosin at high NaCl con@gitn up to 20% (Sinsuwan et
al., 2008). Cell-bound proteinases frafingibacillus sp. SK37 showed hydrolysis of
casein and required 10 mM €aor complete casein hydrolysis. The result
suggested that the enzyme is activated b¥ (Zinsuwan et al., 2008). Fernandez-
Espla, Garault, Monnet, and Rul, (2000) reporteat tactivity of Streptococcus
thermophilus CNRZ385 increased 2 to 10 times whefi'Gsiincreased from 2 to 10
mM. However, C& does not affect activity of cell-bound proteinasé
Lactobacillus helveticus L89 (Martin-Hernandez, Alting, and Exterkate, 1R94
Catalytic domain of cell-bound proteinase is N-tevah while C-terminal region is
an anchor to cell envelope (Laan and Konings, 1988ymond, Delly, Gilbert, and
Atlan, (2003) reported thaprtB is gene encoding cell-bound proteinase of
Lactobacillus delbrueckii subsp.bulgaricus. They found that C-terminal contained
lysine rich region and forming electrostatic int#r@ns with teichoic acids of cell
wall. Cell-bound proteinase has been studied in L#Brter cultures in several
fermented dairy products. The enzyme contributectdsein degradation at the
initial stage, producing peptides and amino acaistranslocation into cell. Amino
acids turn into substrates for LAB to produce idatompounds, such as aldehyde,
alcohol, and ketone contributing to flavor charastes in cheese (Bockelmann,
1995; Smit and Engels, 2004). However, extracellalad cell-bound proteinases
produced fromVirgibacillus sp. SK37 showed ability to hydrolyze fish protain
high salt concentration to peptides and amino asttish might serve as substrates

for other bacteria in fish sauce fermentation.
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2.4 Tetragenococcus halophilus M S33

Collins, Williams, and Wallbanks (1990) oefed thatPediococcus
halophilus is more closely related to enterococci and carneiac than to
pediococci and lactobacilli on the basis of 16S ARdequence datdediococcus
halophilus was proposed to be reclassified in a new genusl.akalophilus
(Anonymous, 1994). The member ®&tragenococcus genus,T. muriaticus was
found to be a new species of moderately halophdicteria isolated from squid liver
sauce (Satomi et al., 1997). Lee et al. (2005)rtedoT. koreensis sp. nov. isolated
from kimchi. In 2005, Ennahar and Cai reported fhfaglogenetic analysis of 16S
rRNA gene sequences revealed thater ococcus solitarius is not a member of the
genus Enterococcus, but is related to species of the genleragenococcus.
Therefore, E. solitarius was also transferred to the genbetragenococcus and
reclassified ag. solitarius comb. nov. Justeé et al. (2012) report€dosmophilus in
concentrated sugar thick juicAt present, the genuBetragenococcus comprises of
four species:T. halophilus, T. muriaticus, T. koreensis, T. solitaries, and T.
osmophilus. Characteristics ofetragenococcus species were shown in Table 2.2.

Tetragenococcus halophilus is halophilic LAB requiring sodium chloride
(NaCl) for growth and is tolerant to NaCl concetitma more than 18% (Hozapfel,
Franz, Ludwig, Back, and Dicks, 2006). Cells arespand/or tetrads arrangement
with 0.5-1.0um in diameter. Cells are non-motile. Colonies on3/&yar plate are
circular, low convex with entire margin, and nomgppented. They are
homofermentative and microaerophile. It cannotwgrat 45°C. Optimum NacCl
concentration for growth is between 5-10 % and gesw between pH 5.0-9.0

(Thongsanit, et al., 2002; Udomsil et al., 2010).T. halophilus has been found in a
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Table 2.2 Physiological and biochemical characteristic3afagenococcus species.

Characteristics hal 0|;>I—Hilusa muri-art.icusb kore-<l;,.nsisC solit:'sllfiusd osrno-|!—)hilusE
ATCC 33315 JCM 10006 DSM 16501 JCM 8736 DSM 23765
gﬁ'&gwe Q) 30 25-30 15-30 NA 30
Growth at 40 °C - + - )
45 °C - - - + }
Growth range of pH 5.0-9.0 5.0-9.6 NA NA NA
Optimum pH NA 7.5-8.0 9.0 6.5 8.0
Range of NaCl (%) 0-25 1-25 0-8 NA 0-25
Optimum NaCl (%) 5-10 7-10 2-5 NA 5
Gas from D-glucose - - - NA NA
Acid from:
Amygdalin + - + + .
L-Arabinose - - - - .
D-Cellobiose + - - *
D-Galactose + - - + .
Glucose + + + NA NA
Glycerol + - NA - )
D-Lactose - - - - )
D-Maltose + - + + *
D-Raffinose - - NA - .
L-Rhamnose - - NA - NA
D-Mannitol - + + + *
D-Mannose + + NA
D-Melibiose - - NA - .
Sucrose + - + + w
D-Melezitose + - + )
a-MethyljD- + i i + +
glucoside
D-Ribose + + + - )
D-Sorbitol - - NA - )
Sorbose + - - - NA
D-Trehalose + - + + *
D-Xylose + - - - .
Xylitol NA - + ; NA
Turanose NA - + +
D-Tagatose NA - - + B
D-Arabitol NA - + + NA
Gluconate NA - + + NA




25

NA = Not available, w = weak reaction, negative &)d positive (+) reactioAThongsanit
et al. (2002)"Satomi et al. (1997fLee et al. (2005Y'Ennahar and Cai (2005)Justé et al.
(2012).

variety of fermented foods, including soy sauceiléStand Holzapfel, 1997),
Indonesian soy mash (Kecap) (Roling et al., 1988)nented black bean (Chen et
al., 2006), and salted anchovies (Villar et al.89)9 Saisithi (1994) reported that
halophilic bacteria are predominantly found at tinéial stage of fish sauce
fermentation (between 1-5 months) whereas halapbfAB are dominant at the final
stage of color, aroma and flavor development. Therefore,T. halophilus isolated
from fish sauce may play a significant role in dasie flavor and/or aroma
formation in fish sauce.

Tetragenococcus halophilus MS33 was isolated from one-month-old fish
sauce and the culture has been deposited at theaiRbBsCenter on Microbial
Cultures for Food and Bioplastics Production. olild grow at 0-25% NacCl, pH 4.5-
9.0, and optimum NaCl of 5-10%.halophilus MS33 strain showed ability to grow
in fish broth extracted from anchovy containing 239aCl and also produced
benzaldezyde, 1-propanol, and 2-methylpropavaleover,T. halophilus exhibited
intracellular aminopeptidase activity towards ampitrianilide, such as alanine,
glutamic, arginine, leucine, lysine, and methion{ke&lomsil et al., 2010). Other
LAB isolated from fermented food includingh. sake exhibited high activity toward
leucine and alanine substrates (Sanz and Told@y/)1Similarly, aminopeptidase
from Lb. curvatus is characterized and showed high activity towaedcine
(Magboul and McSweeney, 1999). Macedo, Tavares, #&fmlcata (2003)

characterized intracellular aminopeptidasé.lafplantarum isolated from traditional
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Serra da Estrela cheese. They reported that themenis a metallo-enzyme with
optimum activity at 37C, pH 6.5. Mm of the enzyme is 70 kDa, and it ipapntly
composed of two subunits, Mm of which is 34 kDae ®Enzyme is able to cleave
lysinep-nitrianilide but does not hydrolyze glutanpenitrianilide, glycinep-
nitrianilide or prolinep-nitrianilide (Macedo et al., 2003). Aminopeptidasee parts
of the proteolytic system of LAB. Amino acids resulj from aminopeptidase
activity are served as a substrate for amino aatdbolism pathway which could
produce volatile compounds. Therefofe halophilus isolated from fish sauce may
play a significant role in desirable flavor and@moma formation in fish sauce.
Because of this reason, halophilus MS33 is used as a starter culture for improving
volatile compounds in fish sauce (Udomsil et aQ1P). Fish sauce inoculated
halophilus showed increasing level of aldehydes and ketorfeshacontributed to
meaty and cheesy note. In contrast, dimethyl délénd dimethyl sulfide do not
increase inT. halophilus MS33 inoculated-fish sauce, indicating tAathal ophilus

MS33 could play a significant role in aroma anddiadevelopment.

2.5 Using of combined starter culturesin food fer mentation

Commensalistics interaction, thernatdon is the stimulation of growth
of proteinase-negative strain bfctococcus lactis in a cheese starter culture by
proteinase-positive strain af lactis. Similarly, Elizabeth, Yeung, and Tong, (2011)
studied the survival rate oEb. acidophilus in yogurt. They found thatb.
acidophilus showed 100% of relative survival rate throughdatagye time (28 days)
when they used in combination blb. acidophilus andS. thermophilus. In contrast,

Lb. acidophilus combined toLb. delbrueckii ssp. bulgaricus showed a slight
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decrease up to 28 days becalubedelbrueckii ssp.bulgaricus produced inhibitory
metabolites such as,8, that can eventually lead to microbial cell dedthlfvalkar
and Kailasapathy, 2003furthermore, yeast-yeast interaction in multi-stawine
fermentation has been reported. Amino acids ataimims were consumed by non-
Saccharomyces, resulting in the limited growth o8 cerevisae. However, non-
Saccharomyces showed proteolytic activity at the initial stagé fermentation,
leading to enrichment of nitrogen source. The preseof more yeast species might
improve the uptake and the consequent consumpficsome amino acids b$
cerevisiae strains, resulting in a synergistic mechanism ibbgen use (Ciani and
Comitini, 2015). Osborne and Edwards (2007) repbottat peptideproduced from
S cerevisiae can inhibit growth ofOenococcus oeni. On the other hand, certain
substances that are released by yeasts, such ag aonls (Fourcassier et al.,1992)
and mannoproteins (Guilloux-Benatier et al., 19983y have a positive impact on
bacterial growth and malolactic activity. Thesedsts showed that interaction of co-
cultures in food fermentation could improve quaétyd characteristic of product.

A problem of using wfrgibacillus sp. SK37 and. halophilus MS33 as
a single starter culture for fish sauce fermentatias their limited survival rate.
Viable cells count oV¥irgibacillus sp. SK37 decreased from 5 Log CFU/ml to 3 Log
CFU/ml at 60 days and remained constant until 1&g dYongsawatdigul et al.,
2007). In addition]T. halophilus MS33 rapidly decreased from 6 Log CFU/ml to 2
Log CFU/ml at 60 days and are not detected themefftdomsil et al., 2011). From
previous studies in other products, the combinadest cultures showed ability to
improve chemical compositions and survival ratestairter cultures (Uchida et al.,

2005; Zhoa et al., 2011; Elizabeth et al., 201DwEeVer, the use ofirgibacillus sp.
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SK37 andT. halophilus MS33 as co-culture starter and in relation torteervival in
fish sauce fermentation has not been studied. Meredhe effect of co-culture on
chemical compositions, volatile compounds, and anaicids/peptides profile of fish

sauce has not been investigated.

2.6 Monitoring of bacterial starter culturein food fermentation

2.6.1 Culture dependent method

Culture-dependent methods fortdygad detection are based on growth of
bacteria on synthetic media that mimic the condgiof the system from which the
microorganisms are isolated (Rantsiou and Coca006). Step of culture-dependent
methods including isolating, culturing, and ideyitify bacteria according to either
morphological, biochemical or genetic characterssti(Ercolini, 2004). These
methods introduce biases because some species moufgtow under the selected
condition (Jany and Barbier, 200&ulture-dependent methodse used to monitor
and identify microorganisms in various fermentembds, such as fermented
sausages (Rantsiou and Cocolin, 2006), fermersédpfaste (Kasankala, Xiong, and
Chen, 2010), and fish sauce (Lopetcharat and P&®2; ljong and Ohta, 1996;
Uchida et al., 2005; Udomsil et al., 2011; Yongsaligal et al., 2007). Rantsiou and
Cocolin (2006) reported that de Man Rogosa, Sh@vjieS) agar and Mannitol Salt
Agar (MRA) are used to isolate LAB and coagulasgatige cocci (CNC) from
fermented sausage. After being cultured in the cigke media, colonies are
randomly selected and several steps for bactenntification including,
morphological characteristics and biochemical idieation. These are time-

consuming process. Moreover, culture-dependenhaudst are not able to detect
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non-culturable cells, stressed or weakness cellsmaad specific culture conditions
to recover before any quantification is possibtefdod matrices, 20-50% of active
microbial organisms may not be culturable (Justal.et2008). Uchida et al. (2005)
monitored changes @t. halophilus starter culture added into fish sauce fermentation
using MRS agar containing 10% NaCl. ConfirmationTohalophilus starter culture
during fermentation was not carried out. Methodsowercome the limitations of
conventional methods are molecular-based techniques
2.6.2 Molecular-based method

Molecular methods are basedhendirect analysis of DNA without any
culturing step (Jany and Barbier, 2008). These austhhave overcome problems
associated with selective cultivation and isolatioh bacteria from samples.
Moreover, molecular methods are rapid, reliablel, @producible.

2.6.2.1 Finger printing techniques

PCR-based fingeiing techniques, such as PCR-denaturing

gradient gel electrophoresis (PCR-DGGE), single angtr conformation
polymorphism-PCR (SSCP-PCR) and terminal restmctioragment length
polymorphism (T-RFLP) have been used to identifyd amonitor bacterial
community changes in fermented foods (Fontana, Al@nand Cocconcelli, 2005).
PCR-DGGE technique is based on the separation eofstme size but different
sequence of PCR products in gel electrophoresisaitong chemical denaturants.
Therefore, these fragments can be separated inuwlgrpgradient gel based on their
differential denaturation profile (Muyzer and Small1998). SSCP-PCR is a
technique using either acrylamide gel based orleapibased automated sequencer,

based on the separation of denatured (single-a#nBCR products (Jany and
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Barbier, 2008). T-RFLP is based on digestion obréscent end-labelled PCR
products with restriction endonucleases. The strergf genetic fingerprinting
techniques is that large numbers of samples caanllyzed and compared (Smalla
et al., 2007). PCR-DGGE has been used to studystizeession and temporal
changes of complex microbial ecosystem (Amor, Vanghand de Vos, 2007;
Walter, Hertel, Tannock, Lis, Munro, and HammesQ20 Ercolini (2004) used
PCR-DGGE to characterize the dominant spoilageebactn beer or chilled pork
during refrigerated storage. Fontana et al. (200&gd PCR-DGGE to identify
Saphylococcus andLactobacillus species in Argentinean fermented sausage. DGGE
has been used for identification of bacterial nflora in dairy product such as
cheese. Ogier, Son, Gruss, Tailliez, and BuchetOZR0Oreported that PCR
amplification of V3 region of 16S rDNA sequence t@nused to identified bacterial
community in cheese. Hu et al. (2008) reported that inhibition of spoilage
bacteria in cooked ham Hyb. sakel was monitored by PCR-DGGE. In addition,
Delbés and Montel (2005) evaluated the structuce dymamics ofStaphylococcus
populations during cheese making by SSCP-PCR. Meredhe application of T-
RFLP to food microbiology has been reported by Realeer, Peinhopfa, Rijnena,
Bockelmannb, and Noordman (2005). They used T-RELRletect the surface
microflora dynamics of bacterial smear-ripened iTilsheese. Although these
genotypic fingerprinting methods have been applied identification and
characterization of mixed microbial communitiesgythdo not provide quantitative
data of bacterial counts. Limitations of genetitgérprinting procedures are low
sensitivity in detecting rare members of communigjiability and reproducibility in

lysis of all bacterial cells as well as the exi@ct of intact nucleic acids, and some
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substances, such as bacterial exopolysaccharidiesh way inhibit DNA digestion
with restriction enzymes and PCR amplification (Arabal., 2007).

T-RFLP called fragment analysisbased on digestion of fluorescent
end-labelled PCR products with restriction endosasés. Either one or both 5” and
3’ ends of the amplicon can be labelled by incoaping a dye on either one or both
PCR primers. The digested products are separatedelégtrophoresis using
acrylamide gel- or capillary-based automated secprerwith laser detection of the
labeled fragments (Jany and Barbier, 2008). Thistesy only detects the end-
labelled terminal restriction fragments (TRFs) o tigested PCR products and their
size can be calculated based on the use of DNA siamdards that are run
simultaneously with the samples. The data cons$idteosizes of the PCR amplicons
that contain the labeled primer and are observedleatrophoregram peaks or gel
bands (Jany and Barbier, 2008). Apart from thegires or absence of members of
the population, shifts in the relative presencehef members at different points in
time can be followed. Therefore, the shift of a camity member relative to other
members of a population can be observed by follgw@ shifts in height or surface
area of the peaks present at different pointsnre t{Rademaker, Peinhpf, Rijnen,
Bockelmann, and Noordman, 2005). T-RFLP analysis isapid and sensitive
molecular approach that can assess subtle genétcedces between strains and
also provides insight into the composition of mimed communities (Rademaker et
al., 2005).

SSCP-PCR is the electrophoretic separation of sisghnded nucleic
acids based on subtle differences in sequencen(afténgle base pair) which results

in a different secondary structure and a measurdifference in mobility using
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either acrylamide gel- or capillary-based automaeduencer (Jany and Barbier,
2008). The rapidity and automation of SSCP methpddpillary electrophoresis,
compared to other molecular techniques, such as H®G DGGE, allows the
microbial dynamics of different samples to be apadlywithout the requirement of
several gel conditions to separate sequences (Rzmaa al, 2009). SSCP-PCR is
potentially easier to carry out than PCR-DG/TTGHEcsi there is no need for
gradient gels or use of GC-clamp primers and it banperformed using an
automated sequencer. However, when using an awdnssquencer, one of the
disadvantages of this technique is difficulty ofpapding new data to an existing
database. Unknown profiles cannot be directly seced because they are labeled
for detection by automated sequencer.
2.6.2.2 Real-time quantitative PCR (qPCR)
2.6.2.2.1 Principle of gPCR

In conventional PCRg amplified product has been
detected on an agarose gel after the reaction ihehdd. In contrast, amplified
product of real-time PCR is detected and measséleareaction progresses, that is,
in “real time” (Arya et al., 2005) The amplificati of a target DNA is detected
rather than amount of DNA product accumulated atehd. Real-time detection of
PCR products is made by including in the reactiofluarescent molecule that
reports an increase in the amount of DNA with gpprtonal increase in fluorescent
signal. The cycle in which the fluorescence reacties detection level of the
instrument is known as the threshold cycle (The fluorescent chemistries used for
this purpose include DNA-binding dyes and fluoresigelabeled sequence specific

primers or probes. Specialized thermal cyclersmapd with fluorescence detection
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modules are used to monitor the fluorescence asifarafoon occurs. The measured
fluorescence indicates the amount of amplified pobdn each cycle (Higuchi et al.,
1992; 1993), therefore qPCR can be used for gadéiotit The most frequent
quantitative application of real-time PCR is in gemexpression studies and
quantitation of microorganisms using specific gesgibn of DNA sequence
(Bubner, Gase, and Baldwin, 2004).

The detection methaged in gPCR can be classified into two
main groups: (I) Non-specific methods that detda@uble stranded DNA (dsDNA)
produced in the reaction. The simplest of qPCR &seld on non-specific
quantification that involve DNA-binding fluorophoreuch as SYBR green |,
SYTO9, SYBR Gold, BEBO, and BOXTO. The dye molesusge DNA minor-
groove binders that emit a strong fluorescent sigmdy when associated with
dsDNA and exposed to the appropriate wavelengtigbt (Longan, Edwards and
Saunders, 2009). (II) Amplicon sequence-specifithogs that distinguish target
sequence amplifications from primer-dimers or npeesfic amplifications.
Fluorescence probe is used to detect specific segu&here are two types of probe
binding with fluorescence dye. The first type isbhglization of probe to target
DNA. The probes include molecular beacon, MGB BEdipand Scorpions. Another
type is fluorescence emission takes place afteritigation degradation by the 5’-3’
exonuclease activity of DNA polymerase during tiepbfication process. Theses
probes are TagMan oligoprobe and TagMan-MGB (Lorgjaal., 2009).

The qPCR is highly specific,pmeducible, sensitive and
characterized by high discriminatory power, raprogessing time, and low cost.

However, it is strongly limited by presence of initors in food. Substances present
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in plant and food samples that can be co-extrastdtdDNA can affect the reaction.
These include polysaccharides, proteins, phenolimpounds and other plant
secondary metabolites. Additionally, componentsDMA isolation buffers can
affect the PCR reactions (Holden et al., 2003; tPefensel, Twieling, and Loffert,
2001). The inhibitor compounds can interfere wéhction, leading to a decrease or
even a complete inhibition of DNA polymerase (Ligipal., 2001). Therefore, DNA
extracted from different sample matrixes must balwated for suitability in
quantitative analysis. Each sample should be $edduted and tested in duplicate
PCR runs to determine whether any inhibitors aresmt. However, the
incorporation of an internal control (IC) is thesbalternative way (Levin, 2004).
This is very useful in the identification of falsegative results. In addition, IC can
be used to detect the effect of the food matrixtlom efficiency of gPCR assays
(Levin, 2004).

Internal control (IC) is requiréat identification of false-negative
gPCR (Diez-Valcarce, Kova Cook, Rodriguez-Lazaro, Herndndez, 2011; Martin,
B., Jofré, A. Garriaga, M. Pla, M. Aymerich, 200&driguez-Lazaro et al., 2006).
Bile salt, heme in blood, urea, humic acid andotatiave been shown to inhibit
PCR, probably interference with the binding andfmlymerization of DNA
polymerases (Monteiro, Bonnemaison , Vekris, P&pnnet, and Vidal , 1997; Al-
Soud and Radstrom, 2001; Khan, Kangro, Coates,hiHd®&91; Frankenhuyzen,
Trevors, Flemming, Lee, and Habash, 2013). Caay®f reagents used for
isolation of nucleic acids from samples can alsbibih amplification reactions.
Other causes of false-negative results includestargcleic acid degradation, sample

processing errors, and thermal cycler malfuncti@.of this study was designed
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using the same primers set of targets. Thus, kb4iextracted and co-amplified for
indicating inhibition of amplification. IC is sudgted into all samples with the same
concentration prior to extraction and showed thesisient of G of all experiments.
In addition, IC can be used to detect the effe¢heffood matrix on the efficiency of
gPCR assays. This can be measured by spiking &Csarhples and performing the
assay with serial dilutions of this food (Schnejd&ankerli, and Widmer, 2009).

The main advantage of real-time R@®Br conventional PCR is that
real-time PCR allows to determine the starting tiewepcopy number with accuracy
and high sensitivity over a wide dynamic range.|Rieze PCR results can either be
qualitative (presence or absence of a sequenag)anntitative (number of copies of
DNA). In contrast, conventional PCR is at best squoantitative. Additionally, real-
time PCR data can be evaluated without gel elelstnagsis, resulting in reduced
experiment time and increased throughput. FinddlBgause reactions are run and
data are evaluated in a closed-tube system, oppbtetl for contamination are
reduced and the need for post amplification maaipuh is eliminated (Costa, 2004,
Kaltenboeck and Wang, 2005; Longo, Berninger, aadlély, 1990).

2.6.2.2.2 DNA probe development
Species-specific PCR methods hbeen used for
identification and quantification of microorganism8laiotta, Pennacchia, Parente,
and Villani (2003) investigated the developmentspécies-specific PCR assay for
identification of S, xylosus used as a starter culture in dry fermented saus@g®
sets of PCR primers, targeting on xylulokinasgBR gene) and 60 kDa heat-shock
protein fsp60 gene) were amplified to obtain 899 and 219 bagrfrent,

respectively. Moreover, restriction endonucleasayams was used for confirmation
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of the specificity of the amplified fragment. Anethgene, such as gene encoding
manganese-dependent superoxide dismutss#A (gene) and gene encoding the
peptide chain formation tyf gene) have been used for identification of
Staphylococci. Species-specific PCR assay is a rapd reliable technique, and can
be applied for monitoringS. xylosus strains during food fermentation (Poyart,
Quesne, Boumaila, and Trieu-Cout, 2001).

The protein-coding geneaprX gene encodes a novel
member of the subtilase super family, alkalinerseprotease-X (AprX) enzynogf
Virgibacillus sp. SK37. Phylogenetic analysis suggested thakAK37 belongs to
a novel family of the subtilase superfamily. TherZ$BK37 is intracellular bacterial
AprX serine protease. The AprX-SK37exhibited opftimatalytic conditions at pH
9.5 and 55 °C, based on the azocasien assay dogt&mM of CaCl (Phrommao
et al., 2011). AprX-SK37 was not categorized inbe toxidant stable proteases
(OSPs) group. The phylogenetic analysis indicatedl tnost OSPs do not belong to
any of the subtilisin families previously describadbacteria or fungi, but appear to
belong to a different cluster of phylogenetic tré@erefore, OSPs should not be
classified as the subfamily of subtilisins as poegly suggested (Saeki et al., 2002).
Phylogenetic analysis of various OSPs producergesigd that the sources of OSPs
encompass bacilli from diverse taxon, which coulel the result of different
mechanisms of oxidant stabilization. Thus, alkalgezine protease X (AprX) is
proposed a new family of subtilases superfamaly.X was used to design probe
development foNirgibacillus sp. SK37 detection. ThaprX of Virgibacillus sp.

SK37 showed potential for specific detection atspecies level d¥irgibacillus.
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Internal transcribed spacer (ITS) region (or 16S-#8ergenic
region) is sequence between 16S rRNA and 23S rRigfon which is effective for
detection and species identification (Osorio, @slliRomalde, Alicia, and Toranzo,
2005). The DNA sequence of ITS show length of wemmand the region has been
used for differentiating species of prokaryotesr(igaColleran, Glennon, Dunican,
and Gannon, 1991; Navarro, Simonet, Normand, andiBal992). DNA of the
intergenic region between the small (16S) and 1§28§8) subunit rRNA genes in the
rRNA operon is amplified by PCR using oligonucldet primers targeted to
conserved regions in the 16S and 23S genes. Th&38tergenic region, which
may encode tRNAs depending on the bacterial spedisplays a high degree of
variability between species in both length and eotitle sequence. Both variations
have been extensively used to distinguish bactstiains and closely related species
(Scheinert, Krausse, Ullman, Soller, and Krupp,6t99aes et al., 1997). The ITS of
Nocardia crassostreae was successfully applied for detection at the iggelevel in
oysters (Carrasco et al., 2013). ITS sequencesbeansed to discriminate two
subspecies includingPhotobacterium damselae subsp.piscicida and P. damselae
subsp.damselae (Osorio et. Al., 2005). Yavuz, Gunes, Bulut, Haasa Yenidunya
(2004) reported amplification of ITS region rwh operon and then the amplification
products were analyzed by RFLP using a set oficéstt enzymesAlul, Haelll,
and Tagl. The results of restriction pattern analyses rtyedifferentiated the nine
reference strains dfactobacillus.

2.6.2.2.3 PCR chemistry for detection
There are 2 different approachsedufor detection of the

amplified products in the gPCR. These include:
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2.6.2.2.3.1 DNA binding dye

This mathuses double strand DNA (dsDNA)
intercalating agents such as SYBR®Green, SYBR®GSMTO, and EvaGreen,
which allow the detection of specific products, syecific products, and primer-
dimers product during the PCR reaction (Monis et2005; Gudnason et al., 2007;
Wang et al., 2006). The fluorescence is increasetl Gan be measured in the
extension phase of each cycle of gPCR when sugle aidds to the minor groove of
dsDNA (Wittwer et al., 1997). Nonspecific produasad primer dimers can be
formed during the PCR process (Chou et al., 1982nelting curve analysis is
needed to check the specificity of the amplifiegiginents. This analysis consists of
applying heat to the sample (from 50 °C to 95 °@j anonitoring the fluorescence
emission during real-time PCR. The production ophfred products is monitored
by fluorescent reporter molecules during each cgélthe PCR reaction. The most
commonly used dye, SYBR® Green |, presents somigaliions, including limited
dye stability and inhibition of PCR reaction. Arthigeneration dsDNA binding dye
is EvaGreen that offers several advantages subkiag less inhibitory to PCR than
SYBR® Green I. It can be used under saturating itiong to generate greater
fluorescent signals. EvaGreen is also well suitadhigh resolution melt analysis
(Mao et al., 2007). These two dyes can be usecttiectieither single or multiplex
assays. SYBR® Green | and EvaGreen are used fdrogah detection, gene
expression, SNP detection, mutation detection, Gt#ection (Eischied, 2011:

Navarro, Serrano-Heras, Castafioa, and Solera, 2015)
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2.6.2.2.3.2 Labeled fluorophor e oligonucleotides
Fluorophores are attached to oligonucleotides and

only specific PCR products are detected. It hasnbirther divided into three
subgroups according to the type of fluorescent oudés added to the reaction: (i)
probes acting as primers, called primer-probes. (&gorpions, Amplifluor®,
LUX™  Cyclicons, Angler®); (ii) hydrolysis probesratting fluorescent light upon
degradation during the extension phase, and hyation probes that give a
fluorescent signal when binding to the DNA targetinlg the amplification reaction
(e.g. TagMan, MGB-TagMan, Snake assay); and (igl@gues of nucleic acids (e.qg.
PNA, LNA®, ZNA™ non-natural bases: Plexor™ prim&my-Molecular Beacon)
(Navarro et al., 2015). Donor (or reporter) andepter (or quencher) are two types
of fluorophores. Donor fluorophore is raised to excited state when it absorbs
energy from light. Emission of energy as fluoreseeis the process of returning to
the ground state. This emitted light from the docem be transferred to an acceptor
fluorophore. Emitted light has a lower energy, lowieequency and a longer
wavelength than the absorbed light. At presentietla@e a wide variety of donors
and acceptors with different excitation and emissspectra that can be used in
gPCR (Marras, 2006).

(i) Primer-probes are oligonucleotides that
combine a primer and probe in a single moleculeeyT¢an be classified into three
groups:

(A) Hairpin primer-probes

Hairpin primer-probes are singteand

oligonucleotide which contain loop of the structbieds to target DNA, a short tail
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sequence of 6 nucleotides (GC) at the 5’-end,anrte/o of fluorophores attached at
the end, and the probe contains primer linked ¢ohidirpin structure (in some case).
There are 3 types of hairpins primer-probes, ScogiAmplifluor® and LUX™. In
scorpion primer-probes, after binding of the prispesbe to the target DNA, the
sequence of nucleotides from tHeeBd of the primer is copied by the polymerase. In
the next denaturation step, the complementary nelginds to the specific sequence
of the probe within the same strand of newly argdifDNA (Figure 2.1A). This
hybridization opens the hairpin structure and, assallt, the reporter is separated
from the quencher leading to a fluorescent sigmaportional to the amount of

amplised PCR product (Whitcombe, Theaker, Guy, and Brd@99). This system

is inexpensive because the primer-probe combireditiding and detection in the
same molecule. The formation of primer-dimers aod-specific PCR amplification
products is prevented by oligonucleotides with piair structures because the
intramolecular binding of such structures is kicaly favorable and highly
effective. Furthermore, in this system enzymatieakdown of the primer-probe is
not necessary and the fluorescent signals areggraman those produced when
other probes are used (Whitcombe et al., 1999).

For Amplifluor® primer-probes, the hairpin
structure is intact and the reporter transfersgne the quencher via Fluorescence
Resonance Energy Transfer (FRET) quenching wheprih@er-probe is not bound
(Figure 2.1B). DNA amplification occurs after bingdi of the primer-probe to the
target sequence. Reporter and quencher are thearassp in the next step of
denaturation,andthe emitted fluorescence of th@dsmeasured by the fluorimeter

(Nazarenko, Bhatnagar, and Hohman, 1997; Wong aedrého, 2005). These
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probes display the same advantages as those debquileviously for Scorpion
primer-probes.

In  LUX™ primer-probes, the hairpin
structure shows the ability to increase the fluceese signal exponentially when the
primer probe binds to its target sequence (Figut€P after the incorporation of
LUX™ primer-probes into dsDNA, the maximum fluoreace emission is
generated (Nazarenko, Lowe, Darfler, Ikonomi, aoduSter, 2002). Fluorescence is
measured during the extension phase. The advantddbs system are similar to
those methods that rely on Scorpions and Ampliffuamer-probes. LUX™ primer-
probes offer high sensitivity and specificity despihat they contain only a single
fluorescent molecule (Nordgren, Bucardo, DienugnSgon, and Lindgren, 2008).

(B) Cyclicon primer-probes

Cyclicons haveeporter at the free’-3
end of the modified oligo and a quencher placead timymine base at thé-position
in the primer probe sequence (Kandimalla and Agrka@00). In this technique,
reporter and quencher molecules are closely andygneansfer occurs via FRET-
quenching in the absence of the target sequenger@~2.1D). Cyclic structure is
opened by the binding of Cyclicon probes to DNA &matls to extension of thé-3
end primer-probe by DNA polymerase without any rifgeence from the quencher.
The 3-end of the modified oligo is not extendible siricdoes not bind to the target
DNA and its 3-end is blocked by a reporter. Emission of fluoess®e is measured
during the extension phase, it occurs by the sé@pardbetween reporter and
quencher molecules (Kandimalla and Agrawal, 2000 advantages of Cyclicons

are that it allows the use of shorter oligonuckbedi reducing the costs of the assay,
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simplifies the reaction set up and avoids unnecgssary-over contaminations. It
has been reported that Cyclicons with &5Eattached structure give less
fluorescence background in reactions with polynesadevoid of nuclease activity
(Kandimalla and Agrawal, 2000).
(C) Angler® primer-probes

The probe component is a DNA
sequence identical to that of the target, whichasnd to a reverse primer through a
hex-ethylene glycol (HEG) linker (Newton, Hollanand Heptinstall, 1993). The
donor fluorescent moiety used for this assay iBB® Gold (Lee, Siddle and Page,

2002). In Angler® primer-probes, the primer-probeloes not emit fluorescence

since there is no donor fluorescent close enougRRET (E).

Cé);mumm )
toop Seqvence W Roparar

Newly
Synthesized

Complementary

A B
Loop Sequence Loop Sequence Fluorescence
Loop.

Stem Stem
Sequence Intemal Sequence

Intemnal

e Quencher ’ Reporter

R 5 G Primer s

¥ Reporter 3 Primer

LUX™! Primer probe

X

Internal

Quencher
Loop Sequence !‘ s..m

Newy

Complementay

Reporter uoﬁlu segment

rm(

Quencher Primet-probe segment

Target DNA “

Angler® primer probe

Denaturation
Cyde 1)

o oy e Sy 3 J%I.I.I.I.I.l\m ¥
Scorpions primer probe Ampliftuor primer probe Cyclicons Primer probe
E
o BREGold
SYBR'G s s
K ) ] e Annealing and “HTI'T_—'I'@
extension <« ’ m"rrrmﬂ'm'.
- (Cyde1) e
Reverse mar
primer 1 w l Q(cys) N fii

wn (DD

Figure 2.1 Structure and mechanism of Scorpion (A); Amplifieu(B);
LUXT™ (C); Cyclicons (D) and Angler® (E) primer-gdres.

Adapted from: Navarro et al. (2015).
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DNA polymerase starts the extension of therd reverse primer when the
Angler® primer-probe binds to its target DNA durinfpe annealing step.
Subsequently, the specific sequence of the pratdsko the complementary region
of newly amplified DNA during the denaturation peagproducing a dsDNA
fragment in which SYBR®Gold dye can be intercalatedgenerate fluorescence
(Lee et al., 1999; Taylor et al., 2001). Hence, éhatted fluorescence is measured
during the denaturation step in each cycle.

(ilrobes are oligonucleotides with connected-
donor and/or -acceptor fluorophore. There are types of probe, (a) hydrolysis and
(b) hybridization probes.

(A) Hydrolysis probes

The most widely used probe-based
detection chemistry for real-time PCR remains taH®eoriginal hydrolysis probes,
also known as 'suclease or TagMan® probe. The probe is genelaibiglled at 5
end with a fluorescent reporter dye and at ther@®l with a quencher. Hydrolysis
probes are designed to have melting temperatureogippately 10 °C higher than
their corresponding primers, causing the probenteeal to the DNA template prior
to the primers. The fluorescent signal of the ddharophore is suppressed by the
acceptor fluorophore (Heid, Stevens, Livak, and ligfils, 1996). During the
extension, Taqg polymerase hydrolyzes the bound dhysls probe by 53
exonuclease activity, separating the reporter dpenfquencher and generating
fluorescence from the donor (Figure 2.2A). Theamgntial synthesis of the PCR
products without interfering is repeated in eaclley The amount of amplified

specific product is proportional with measuredofescence at the end of the
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extension phase (Wittwer et al., 1997). The desigth synthesis of TagMan probes
are not difficult but primer-dimers might be formddring gPCR assay, if they are
not well designed. Other hydrolysis probe, Snalgagsthe 5nuclease activity of
DNA polymerase generate fluorescence signals dwerptobe (Kutyavin, 2011).

In this system, target DNA amplification and dei@ttof fluorescence are two
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separated in time and space as shown in Figure. ZZBB target DNA sequence

binds to a forward primer containing &fap sequence that located downstream
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from the primer binding site. An antisense strandyinthesized by extension of this
primer, which provides a double stranded ampligiage A). In stage B, a reverse
primer hybridizes to the separated antisense saaddNA polymerase extends the
complex, resulting in another double stranded aopli Since the 'Hlap of the
forward primer functions as a template for DNA $gdis, a complementary
sequence appears at theeBd of the sense amplicon strand (stage C, lifozar).
After another round of strand separation, the sgited sense amplicon in stage B
will be folded into a secondary structure as shaivstage C (folded form). Stage D,
the sense strand binds to hydrolysis probe creatingptimal cleavage structure for
5-nuclease. Then, this structure is subsequentlgvel® in stage E, releasing a
detectable fluorescent signal, stage E (Kutyav1,1}. Besides, alternative pathway
could be taken by the sense amplicon during the 8€3Ry. Briefly, there is a small
fraction of linear form (C) amplicon that might laecessible to a forwarG8ap
primer (stage F). The strand DNA replication woblel accomplished through a
passive hybridization (pathway C to F). In addifitimee active hybridization of the
forward Snake primer in stage G might be followgdalstrand displacement in stage
H, which substantially accelerates the replicaparcess (Kutyavin, 2010).
(B) Hybridization probes

During the annealing or the extension
phase, the fluorescence emitted by binding hykatthn probes can be measured.
The main advantage over hydrolysis probes is thatuse of these probes allows
amplified fragments to be analyzed by performindtimg curves. The amount of
fluorescent signal detected is directly proportlot@a the amount of the target

amplified during the gPCR reaction. There are migpg hybridization probes e.g.
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FRET probes, Molecular Beacon Probes, HyBeacon™hg®0MGB-conjugated
DNA probes, ResonSense® probes, and Yin-Yang probésplacing probes.

(i)  Nucleic acid analogues are analogous
compounds to naturally occurring RNA and DNA. Arakrgue may have alterations
in its phosphate backbone, pentose sugar (eitHewsei or deoxyribose) or
nucleobases (Petersson, Nielsen, and Rasmusseb). 20@rmally, the analogues
incorporate all of the advantages of native DNA bue more stable and have
increased affinity for complementary nucleic aadgets (Bustin and Nolan, 2004).
A variety of nucleic acid analogues have been uegfd Phosphorodiamidate
Morpholino Oligomer (PMO) (Summerton and Welleg97T), 1,5-anhydrohexitol
nucleotides (HNAs) (Verheggen, Van Aerschot, anchMeervekt, 1995), Locked
Nucleic Acids (LNAs) (Singh, Nielsen, Koshkin, awngel 1998), Peptide Nucleic
Acids (PNAs) (Nielsen, Egholm, Berg, and Buchardi®91), 2-Fluoro N3-P%
phosphoramidites (Schulz and Gryaznov, 1996), Zigeic acids (ZNAs) (Voirin,
Berh, and Kotera, 2007) and Non-natural bases: umuge (iG) and 5
methylisocytosine (iC) (Sherrill, Marshall, and M0s2004).

2.6.2.3 Application of gPCR in food
gPCR has been evaluated ford#tection and quantification of a
wide variety of microorganisms, including bactefiagi and viruses, with emphasis
on the main food-borne pathogens. Several stuthes reported gPCR detection
thresholds similar to those obtained with standplate counts (Aparecida de
Oliveira et al., 2010; Chen et al., 2010; Takahashial., 2009). In artificially
contaminated beef samplé&s,aureus could be detected by gPCR with the lowest of

5 x10° CFU/2 g (Alarcon et al., 2006). In baby food, abéd CFU/mL ofB. cereus
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was detection limit (Martinez-Blanch et al., 200@)wine, as low as 31 CFU/mL of
Brettanomyces could be measured (Tessonniere et al., 2009). lepels of target
pathogens can also be detected in matrices cordgadinby other dominant
microorganisms. For instance, the spoiling agé&mgpsaccharomyces bailii, could
be detected with a threshold of 6 cells/mL in wamel 2-22 cells/mL in fruit juices
even in the presence of 1CFU/mL Sacharomyces cerevisiae (Rawsthorne and
Phister, 2006). However, in a number of casesdétection and quantification limit
obtained without enrichment of the food samplesrpio performing gPCR were in
the range of 1910° CFU/g (or mL) of food matrix (Hierro et al., 2008007;
Takahashi et al., 2009). The major advantage efrtlulecular method over standard
methods is time saving. Detectionlofmonocytogenes by gPCR methods including
an enrichment step takes 2 working days, insteaddafys with the standard method
(Aparecida de Oliveira et al., 2010; O’Grady et, a2009). Beer-spoilage
contaminants of the class Clostridia were iderdifieth an enrichment time reduced
from 2-4 to 1-3 days due to higher sensitivity loé PCR reaction over the standard
method (Juvonen, Koivula, and Haikara, 2008). D&acof B. cereus without
enrichment could be achieved within 2 h as compé&ved days from the standard
method with a similar cost (Reekmans, Stevens, ¥&rvand De Vos, 2009). In
order to meet the microbiological criteria required national and international
legislations for foodstuffs, it is sometimes neeegsto associate qPCR with an
enrichment step of a few hours. Using this techaigudetection limik5 CFU/25 g
of food was easily reached for Salmonella (Chead.e2001).

Linear quantifications were repdria a range of at least 5 logs

when gPCR was used as a quantitative tool (MarBianch et al., 2009; Takahashi
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et al., 2009) and very good correlations with pletents are typically obtained. In
some cases, however, difference between microbeabgcounts and qPCR
estimates have been reported, with higher bactedaints with the molecular
method (Hein et al., 2005; Hierro et al., 2007; Maket al., 2010). Several reasons
are likely to explain the differences: (i) the mese of intact DNA from dead cells,
(ii) the presence of viable but non culturable feyrwhich can be quantified by
gPCR but not by plate counts, (iii) the fact thae €FU on plate might be generated
from more than one cell, and (iv) the use of PCiRers targeting varying numbers
of multicopy (e.g. 16S rRNA).

Detection limits (DL) and quantifian limits (QL) were
difference. DL and QL were calculated by compatimgtandard curve. DL or limit
of detection (LOD) is the lowest population of n@ierganisms that can be detected
by the method. The limit of quantification (LOQ)tlse minimal population that can
be accurately quantified. Most of the time, the iBllower than QL, this is the case
when gPCR gives a positive signal but the amounteaiplate is too low and
provides a gthat falls out of the linear range of quantificaticurves. (Tessonniere
et al., 2009). When quantifying pathogens in fabe, lower QL in the food matrix
should be considered, however, should not be |olaer QL that obtained from pure
cultures. This takes into account the efficiency nofcleic acid extraction and
possible interactions of food components with P@Rldication.

Detection limits of var®@UAB in fermented milk using 16S
rRNA gene were approximately 28nd 168 CFU/mL by qPCR-SYBRgreen, even
in the presence of other bacteria and without anmrent (Furet, Quénée, and Tailliez

et al., 2004; Grattepanche et al., 200%ng et al. (2011) reported limit of detection
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of viable Salmonella was as low as 2 LogCFU/mL in pure culture and 3Q@ied/g
in lettuce usingafC gene by qPCR-SYBRgreen. The detection limit &f sakei of
sausage model was 3 LogCFU/g (Martin et al., 2086)g ITS by gPCR-TagMan.
Ueda et al. (2013) reported that the detectiont lohB. cereus in food samples (e.g.
lettuce, vegetable salad, liquid whole egg, and oulk) using cereulide synthetase
genes ¢es genes) by gPCR-TagMan and qPCR-SYRfReen was 4-5 Log CFU/mL
of both methods.

16S rRNA gene with gPCR-S¥Bgreen developed by
Monnet et al. (2006) enabled direct and specifiangification of Corynebacterium
casel in cheeses with a quantification limit of"l0FU/g and a linear range between
10° - 10°°CFU/g. Although these thresholds are higher thasetobserved in broth
medium or with other types of foods and are likelye to the cheese matrix itself,
they remain sensitive enough to study the influesfcbacterial populations on the
finished product. The detection limit dnterococcus gilvus in cheese was 10
CFU/g (Zago et al., 2009). Furet et al. (2004) ussaventional method (plate count
methods) and real-time PCR to quantify delbrueckii in fermented milk. Detection
threshold of real-time PCR method to detebtt delbrueckii in fermented milk
product is 16 cells/g of sample. The results are similar to thobgined by the
molecular quantification o8. aureus in cheese otListeria monocytogenes in milk
(Nogva, Rudi, Naterstad, Holck, and Lillehaug 208i&in, Lehner, Rieck, Klein,
Brandl, and Wagner, 2001). However, the numbersLiof delbrueckii cells
determined by plate count methods were 10 to X88gilower than that by real-time
PCR. This indicated that sonh. delbrueckii lost their viable cells during storage.

Therefore, qPCR method may allow the detectionadfamly the viable but also the
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nonviable and dead cells (Delroisse, Boulvin, Patiee, Dauphin, Vandenbol, and
Portetelle, 2008).

Ethidium monoazide (EMA) danpropidium monoazide
(PMA) derivatives from ethidium bromide and propiah iodide, respectively, have
been used for discrimination of live and dead cellfey are a positively charged
molecule and it is excluded by intact, negativergbabacterial cell walls but can
enter bacteria with damaged cell wall/membrane KdocCheung, and Camper,
2006). EMA was firstly reported to be useful to quiy viable bacteria by gPCR

(Nocker and Camper, 2006; Rudi, Naterstad, Dromtar Holo, 2005) but can

penetrate and be toxic for viable bacteria. La®®A was applied to use as a non
toxic alternative (Pan and Breidt, 2007). PMA wdseato bind to DNA with
covalent bond under light exposure and DNA canmopldy by PCR (Coffiman,
Gaubatz, Yielding, and Yielding, 1982). The usédfA has been recently applied.
Elizaquivel, Sanchez, and Aznar (2012) used PMARJRE& selectively detect live
Escherichia coli O157:H7 in vegetables after inactivation by esaéwils. In fact,
PMA does not completely remove DNA from dead cdHsttipaldi, Codony,
Adrados, Camper, and Morato, 2010). Many factofscafPMA treatment such as,
short amplicon size of gPCR assay (Li and Chen32@&kchnetzinger, Pan, and
Nocker, 2013), high concentration of target baat¢zhu, Li, Jia, and Sond, 2012),
Mg®* concentration of gPCR reaction (Nocker et alQ&0or high fat content of
food sample (Yang, Badoni, and Gillet, 2011). Thegbstances can bind to PMA,

resulting in a decrease of PMA binding.
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2.7 Next generation sequencing

The first generation of sequencing was chain-teatmg dideoxy
nucleotide (ddNTPs) analogs developed for the Sasgguencing, by Sanger et al.
(1977). Maxam and Gilbert (1977) also proposed D&&§uencing by chemical
degradation, in which terminally labeled DNA fragme were subjected to base-
specific chemical cleavage. The reaction productsrewseparated by gel
electrophoresis. The DNA sequencing by chemicalrategion is technically
complex and requires hazardous chemicals. Sangeleseing was more efficient
and used fewer toxic chemicals (Erwin et al., 2014)e growing DNA strand of
chain termination is terminated by A, T, G, and I€ different reaction. The
amplicons were then run on agarose to detect tipgesee. Then, the ddNTPs are
labeled with fluorescent dyes to make the fragmeatiable through a laser light in
capillary gels, rather than on the slab gel. Sasgguencing can produce 800-1,000
bp of sequence read because only one read cambensed in one capillary of the
sequencer (Gupta and Gupta, 2014). Based on tlegure of the Sanger method,
sequencing of 3 billion base pairs of human genemeld take a very long time.
Therefore, fast and high-throughput technologiesneeded to achieve the goal.

Figure 2.3 showed development of DNA sequencingrelogies at each
timeline. Next-generation sequencing (NGS) techgie® were the second
generation work on the principle of sequencing ion of DNA fragments
simultaneously in massively parallel manner to poedhuge amount of sequence
data in megabases or gigabases. The cost of NG&diegies is low the cost in
which producing of large sequence data in massipalallel model. Overview

schematic experiment of next generation sequensisigown in Figure 2.4.
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In 2005, the pyrosequencing method by 454 Life 18®8 (now Roche) was the first
released NGS technology and generated about 20 Mh10 base-pairs (bp)

(Margulies et al., 2005). After a year, Solexafiina sequencing plat-form was
launched (lllumina acquired Solexa in 2007). In 208equencing by Oligo Ligation

Detection (SOLID) by Applied Biosys-tems (now Lifeechnologies) was released
(Valouev et al., 2008). The lllumina and SOLID seqcers generated 30 and 100
million reads, respectively, that much larger nurabeut the reads produced were
only 35 bp long. In 2010, lon Torrent released Bersonal Genome Machine
(PGM). Semiconductor technology was used in the PGMs resulted in higher

speed, lower cost, and smaller instrument size. ffsePGM generated up to 270
Mb of sequence with up to 100 bp and slightly strothan those produced by 454

pyrosequencing.

2005; Release of 454 GS-20, first NGS

2007 ; Release of 454 GS-FLX,
ABI-SOLiID sequencer

2010 ; Release of 454 GS-FLX Titanium,
lllumina GAIl

2010 | Release of lllumina HiSeq

________-
2005 2006 2007 2008 2009 2010 2011 2012

2011/ Release of PacBio
Introduction of lllumina/

2006
Solexa sequencer

1000 genome | 5007 2010 | Release of lon-torrent

Project started

Introduction of, 2008

Helicos technology
2009 | Release of lllumina GAllx,

ABI-SOLID 3.0

Figure 2.3 DNA sequencing technologies timeline and platenfor

Adapted fronGupta and Gupta (2014).
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Figure 2.4 Overview schematic experiment of next generateguencing.

Pacific Biosciences (PacBio) is currently popula third-generation
sequencing technologies which DNA is not amplifiegfore sequencing, which
places these methods at the interface between N&SPacBio, appeared in 2010
and generated several thousands of up-to-seveoab&se-long reads. PacBio is
based on the detection of natural DNA synthesisabgingle DNA polymerase.
Incorporation of phosphate-labeled nucleotides detadbase-specific fluorescence,
which is detected in real time. Sequencing runesfoee last minutes or hours rather
than days (http: //www.pacificbiosciences.com/pdacts/). The five platforms are
over the past decade: 454 pyrosequencing, lllun8@4,iD, lon Torrent, and PacBio
(Eid et al., 2009). The comparison of NGS platformese shown in Table 2.3.

2.7.1 Pyrosequencing technology
Pyrosequencing is a method based on the ésemg by synthesis"”
principle. Pyrosequencing relies on the detectidrpyoophosphate release on

nucleotide incorporation, rather than chain tertiamawith dideoxynucleotides.
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Table 2.3 Comparison summary of next generation sequendatfppms.

Plateforms Roche 454 GS [llumina ABI SOLiID lon Torrent  Pacific Bio
FLX Plus Solexa 5500x]
HiSeq2500
ZMW -
Sequencing Pyrosequencing Reversible Sequencing Ddtiction Single
method Dye by ligation molecule
Terminators
Read
Lengths 700-1000 bp 2x100 bp 75 bp 200 bp Av 1200,
upto 3 kb
Sequencing 23 h 11-14 days 6—7 days 2h Lessathan
run time day
10-15
Data 700 MB / run 600 GB/run GB/day 10-1000 MB 70-140
generated (depends upon MB / cell
chip used)
Longer read Fast, longer
Advantages length, Huge data High quality Low cost, read
Concerns Less data, Short reads, Short reads, de¢ss Random
Long run
Homopolymer Dephasing, time Small read indel errors
Long run
time

Adapted from: Gupta and Gupta (2014).

A pyrophosphate molecule is released during syighe$ nucleotide
growing chain by DNA polymerase. This pyrophosphateonverted into ATP by
enzymatic reactions. The ATP is used for conversiolciferin to oxy-luciferin by
enzymatically, which emits fluorescence that ioorded by the camera. By detecting
this fluorescence, the incorporation of a nucleoiglconfirmed. The identity of the
incorporated nucleotide is known, as four ANTPSTBAdTTP, dCTP and dGTP)
are introduced in the reaction separately in cyfRemaghi et al., 1996).

The 454 Sequencing uses a massively parallel pyueseing system

capable of sequencing up to 1,000 bp of DNA in ah23he method starts with



55

ligating adaptors to DNA fragments, making a ligraand attaching the library to
small DNA-capture beads. The bead-bound librargensulsified along with the
amplification reagents in a water-in-oil mixtureftéx amplification, the emulsion is
disrupted, and the beads containing clonally ameglitemplate DNA are enriched.
Each amplified DNA-bound bead is placed into a tiwgll on a PicoTiterPlate
consisting of around 3.4 million wells. A mix ofames such as DNA polymerase,
ATP sulfurylase, and luciferase, are also packéal time well. The PicoTiterPlate is
then placed into the sequencer machine for sequgnthe GS FLX platform can
produce data of approximately 450 MB with a 400-@&@0Oread length. The DNA
sequence is determined by light emitted. Four dNUi€leotides are added and only
one letter can be incorporated on the single se@drdmplate. The intensity of the
light determines if there is more than one of thésiers" in a row. One out of four
dNTP is degraded before the next nucleotide lettadded for synthesis and allow
for the next nucleotides, resulting intensity of tight, if the next added nucleotides
was complementary letters in the sequence. Thisegmois repeated with each of the
four letters until the DNA sequence of the singiarsded template is determined
(Dressman, 2003).

The 454 pyrosequencing has been used to study ratprofiling. Nam, Yi,
and Lim (2012a,b,c) used V1-V2 16S rDNA sequenciaganalyze bacterial
community in Korean fermented food, cheonggukjadgenjang, and kochjang.
They found that all samples seemed to be dominarBdaillus spp. followed by
Lactobacillus spp., and species of other. Park et al., 2012 tegpahatlLeuconostoc
spp. andWeissella spp. dominate the early stages of kimchi fermemtativhile

Lactobacillus spp. are dominant at the end using V1-V3 16S rDN4ugncing.
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Cocolin et al. (2013) also used V1-V3 16S rDNA s=tting to analyze bacterial
profiling in fermented olives. The initial stagesfermented olives were dominated
by large numbers oChromohalobacter and Halomonas approximately 50-60%,
while at the end of the fermentatiohactobacillus species surpassed all other
microorganisms.

The advantage of 454 technologyis ability to segaereads in the read
length of 700-1000 bp. The method is suitable fowstream bioinformatics,
resulting in sequence assembly with longer contiggier N50 length, and less gaps,
especially inde novo sequencing projects. Longer paired-end reads peatbyg the
454 platform also facilitate construction of beteaffolds.

A major limitation of the 454 technology relates tesolution of
homopolymer-containing DNA segments, such as AAA &GG (Rothberg and
Leamon, 2008), producing light that cannot be thsicrated after a certain length (>
6 bp) with high accuracy (Mardis, 2008). Becauserdhis no terminating moiety
preventing multiple consecutive incorporations agieen cycle, pyrosequencing
relies on the magnitude of light emitted to detemnihe number of repetitive bases.
As a consequence, the dominant error type for Bdeplatform is insertion-deletion,
rather than substitution. Another disadvantage5df gequencing platform is that the
per-base cost of sequencing is much higher thah dhaother nextgeneration
platforms, e.g., SOLID and Solexa (Rothberg andmaa 2008). Therefore, the
method is unsuitable for sequencing targeted fraggfeom small numbers of DNA

samples.



57

2.7.2 1llumina Solexa

Synthesis reagents consist of mSm®NA polymerase, and four
differently labelled, reversible terminator nucldes. Small oligonucleotide anchors
are immobilized on the surfaces of these lanes td@imglate DNA to be sequenced is
fragmented, phosphorylated at theebd, and adenylated to add a single A at the 3
end. Oligonucleotide adaptors are ligated to theADMgment, and the ligation is
facilitated by the presence of a single T overhangthe adaptors. The adaptor-
ligated oligonucleotides are complementary to tlev{cell anchors, and hence
attach to the anchors. After incor-poration of @laatide, which is identified by its
color, the 30 terminator on the base and the fiploooe are removed, and the cycle
is repeated (Voelkerding, Dames, and Durtschi 2008)denaturation, both strands
separate, and again bend and hybridize with thistaldends to adjacent anchors
complementary to their distal ends. After multigmplification cycles, a single
DNA template makes a clonally amplified cluster twithousands of clonal
molecules. Millions of clusters of different temf@anolecules can be generated per
flow cell (Fedurco, Romieu, Williams, Lawrence, aharcatti 2006).

The lllumina has been used to study microimialine using V4 and V5
16S rDNA sequence with 150 bp of amplicon lengthe Tresults showed that
Acetobacteriaceae, Proteobacteria, and Saccharomyces were dominant organisims
(Bokulich, Joseph, Allen, Benson, and Mills, 210pkulich, Bamforth, and Mills
(2012) also used V4 16S rDNA sequence to charaetnnicroorganisms in beer.
They showed that initially stage dominatedHnyerobacteriaceae and Pediococcus

spp. became dominant after few weeks.
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The advantage of lllumina is that large datd low cost per base renders
the technology a good choice for many sequencimgicgtions where large read
length andde novo construction of a genome is not required. Becads&B of data
coming out from nearly 150 bp long reads from b&ittes (2 x 150 bp) in the most
widely cited platform Genome Analyzer lIx, the thghput has been significantly
increased up to 600 GB data with 2 x 100 bp readaewer versions of the platform
(e.g. HiSeg2500 or HiSeq 2000), resulting in lowtquer baséNakamura, Oshima,
and Morimoto2011)

The major of limitations of Illlumina techiogly is that of de-phasing,
which means different fragments in a cluster agueaced with different phases,
result in fragments of varying lengths. It redupescision in base calling at thé 3
ends of the fragments. Increased read length asese de-phasing. It is more
common at sequences of invert repeats or GGC (Nateaet al., 2011). lllumina
technology produces reads of short length “micemdsg” hence assembly and
downstream bioinformatics could be a challengegeesgfly for certainde novo
sequencing. Longer run-time is also a limitation.

2.7.3 ABI SOLiD
Small Oligonucleotide Ligati and Detection (SOLID) System is
based on a sequencing-by-ligation technology. phasform has its origins in the
system described by Shendure et al. (2005) and kheieet al. (2006). The
principle of this sequencing, specific incorporaéses depend on the ability of DNA
ligation. The emulsion PCR is clonally amplifiecattDNA fragments attached on
beads for ligation sequencing. After PCR, spe@fimers and adaptor sequence of

the amplified templates on the beads were hybritlingether and provides a free 5
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phosphate group for ligation to the fluorescendlydled probes instead of providing
a 3 hydroxyl group as in normal polymerase-mediateterssion. It is called
interrogation probes. Ligation, detection, and e are performed, in multiple
cycles of with the number of cycles determining #aentual read length. The
extension product is removed and the template getrevith following a series of
ligation cycles. A primer complementary will be ré¢é@ for a second round of
ligation cycles. Thus the sequencing is divided ihibrary preparation, emulsion
PCR, bead deposition, sequencing, and primer rAsét7-day long instrument run
in a SOLID 5500 system generates sequence datapabxdmately 10-15 GB/day
(Voelkerding, Dames, and Durtschi, 2009). SOLID bhasn used in transcriptome,
targeted sequencing, and whole genome sequencing.

The advantage of this technology is germrahigher accuracy of
sequencing data of comparatively than other seqogmeethods. One of the reasons
behind the high accuracy is each nucleotide ote¢h®late is sequenced twice due to
sequencing with successive offset primer less leylyn(Voelkerding et al., 2009).

The limitations of this technology requiclose genome sequencing
for mapping. The data are output less than witlnilha, and shorter read length.
Even the time taken for a whole run is about 6-y ttacomplete, especially for
bigger genomes (Voelkerding et al., 2009).

2.7.4 Pacific Biosciences
Pacific Biosciences (PaxBiechnology works on the Single
Molecule Real-Time (SMRT) sequencing technologyl eanables the observation of
DNA synthesis as it occurs in real time. Zero Mddaveguide (ZMW) was used as

specially designed micro-holes. Approximately 75,8ngle molecule sequencing
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reactions in parallel enable to detect. Laser lagfhwavelength of approximately 600
nm cannot pass completely through the ZMW becausaimall size of the ZMW is
a nano-hole made in a 100 nm metal film on a gtasface. Therefore, only the
bottom 30 nm of the ZMW applying a laser througé ghass into the ZMW become
illuminated. A single DNA polymerase molecule ischared to the bottom glass
surface of the ZMW. Nucleotides are labeled witHifferent colored fluorophore
and were then flooded above the ZMWs. As laset lilgles not excite fluorescently
labeled nucleotides present on the upper sidesohtihes because it cannot penetrate
up through the holes. Thus the labeled nucleotalssve the ZMWs are dark.
Labeled nucleotides fluoresce when they diffuseugh the bottom 30 nm of the
ZMW. Thus, single nucleotide incorporation can betedted inside the ZMW
(Mardis, 2008). PacBio has been used for sequentiffigult DNA regions and for
genone scaffolding in metagenomic studies.

The advantages of PacBio sequencingntdogy do not require the
PCR amplification steps. This avoids the usual #moation bias in the sequenced
DNA fragments. PacBio generates read lengths afirardl,000-3,000 bp with an
average of 1,200 bpThe time taken from sample patipa to sequencing results is
also shorter, and can take less than one day. iKimgbrmation about polymerase
activity can be observed by the technology (Mar2id,1).

Limitation of PacBio technology thatasound 70 to 140 MB of data
were generated per SMRT cell, depending upon a @@t of the template DNA
(www.pacificbiosciences.com) that is significantlgss compared to the other

technologies. (Mardis, 2011).
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2.7.5 1on Semiconductor Sequencing

For lon Torrent technologith its lon Personal Genome Machine
(PGM®) sequencer technology, hydrogen ion is releasedyaproduct during
incorporation of new nucleotides into the growing\® template by DNA
polymerase. lon Torrent, with its lon Personal GeadVlachine (PGIM) sequencer,
uses a high-density array of micro-machined welts gerform nucleotide
incorporation in a massively parallel manner. Eadll bottom is an ion-sensitive
layer followed by a proprietary ion-sensor and Bodddifferent DNA template. An
ion sensor detects changes of the pH of the sal@soa result of released ion. The
output voltage is doubled if there are two identizases on the DNA strand and the
chip records two identical bases called withouhsaag, camera, and light. A direct
connection between the chemical and digital evdstsused in lon Torrent
technology, instead of detecting light as in 454opgquencing. Hydrogen ions are
detected on ion-semiconductor sequencing chipstransistors and circuits are then
pattern-transferred and subsequently etched oetavéiiers using photolithography.
A multi-layer system of circuits is created andaated 20 times. A total data output
of around 10-1,000 MB is generated, depending upertype of ion semiconductor
sequencing chip used which are 314, 316 and 3X&chrhe chips are different in
the number of wells resulting in higher productieithin the same sequencing time.
The lon 318 chip enables the production>dfGb data in 2 h. Read length is
expected to increase to400 bp in 2012 until now. The lon Torrent sequeraaeT
generate up to 4 Mb in 7 h at a moderate cost gere length of the reads has
risen in recent years up to 400 bp.

lon Torrent technology is usefubmall studies, such as the sequencing of
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microbial genomes and targeted metagenomics (Rahéeal., 2011). Galindo-
Gonzélez et al. (2014) conducted experiments tceldpvan lon Torrent-based
method for discovery of mutation innum usitatissimum genome. Fujimoto et al.
(2012) used 16S rRNA gene amplicon sequence tyanahicrobial community in
alkali ballast water. They found that the relativbundance of genera
Rheinheimera andPseudomonas increased in NaOH-treated samples. However,
Alishewanella became dominant in the NaOH-treated samples. Bache®m the
generaEscherichia, Enterococcus, andVibrio were not detected in all samples.

The advantages of lon Torrent are used to fill gagbe assembly produced
by other technologies because the technique geseread lengths of around 200 bp.
lon Torrent can be a reasonable choice in somes achse to lower costs. The short
run time of this technique also facilitates mukiplins for generation of more data in
a given time (Liu et al., 2012; Metzker, 2010). itimtion of lon Torrent technology
is lon lags behind in total data output, whereaststead technologies are facilitated
by huge data generation. lon Torrent has to prtsadfias a standalone sequencing
technique fode novo sequencing projects of big genomes (Liu et al. 2204etzker,

2010).
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CHAPTER Il
DETECTION OF VIABLE BACTERIAL STARTER
CULTURES OF VIRGIBACILLUS SP. SK37 AND
TETRAGENOCOCCUS HALOPHILUS MS33 IN FISH
SAUCE FERMENTATION BY REAL-TIME

QUANTITATIVE PCR

3.1 Abstract

Novel real-time quantitative polymerase chain tieac(QPCR) methods were
developed for the specific detection and quantifocaof Virgibacillus sp. SK37 and
Tetragenococcus halophilus MS33, which are potential starter cultures in festuce
fermentation. The PCR assays were designed bast#waprX gene and the internal
transcribed spacer (ITS) ofirgibacillus sp. SK37 andT. halophilus MS33,
respectively. Specificity was evaluated using @mexfice strains and 28 strains isolated
from fish sauce fermentation. The developed mettsbdsved species-specificity for
both V. halodenitrificans andT. halophilus without cross reacting he efficiencies of
Virl086 and Tet48 probes for the detecting puriftddA from Virgibacillus sp. SK37
andT. halophilus MS33 were 101.1% and 90.2%, respectively. Theirmatfect was
insignificant when tested using samples fermented 6 months. The quantification
limits of the assays were 1Cells/mL and 18 Cells/mL in fish sauce samples with

good linear correlations (Rvalues of 0.990 and 0.976) over 4 Logs fér
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halodenitrificans and T. halophilus, respectively. The repeatability and
reproducibility of the methods were within 37% aB8% of relative standard
deviation. The propidium monoazide (PMA) was usedréat samples to eliminate
the effect of dead cell DNA on PCR. The develop&ddARJPCR methods were
successfully applied to monitor changed/ingibacillus sp. SK37 and. halophilus
MS33 in a mackerel fish sauce fermentation model.

Keywords: gqPCR, real-time PCR, PMA treatmenfjrgibacillus sp. SK37,T.

halophilus MS33, starter culture, fish sauce fermentation

3.2 Introduction

Fish sauce is considered as a natural flavor emimgnogredient in many
types of cuisines due to its high content of glutaactid. Fish sauce fermentation
normally takes 12-18 months to complete. The anllitof starter cultures has
therefore been used to accelerate fermentationt@nchprove fish sauce quality
(Udomsil et al, 2011)T. halophilus MS33, a starter culture isolated fraram pla
Thai fish sauce, was found to produce desirablativel compounds and increase
amino acids, such as glutamic acid, thereby caming to umami tasteT.
halophilus MS33 was also demonstrated to reduce dimethylfaisya compound
contributing to fecal notes (Udomsil et al.,, 201Yjrgibacillus sp. SK37, a
moderately halophilic starter culture bacteriumased from 1-month-old Thai fish
sauce mashes was found to produce extracellulacelkdound proteinases at high
salt concentrations (Sinsuwan et al., 2007; 2008)s culture increased protein
hydrolysis and increased desirable aldehyde congm(®g., 2-methylpropanal, 2-

methylbutanal, and 3-methylbutanal) in reducededafish sauce, which had an
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effect on the overall aroma of the fish sauce. €msnpounds likely contributed to
the strong malty or dark chocolate notes (Lapsoogpht al., 2013). Growth
monitoring of these cultures would be necessarytifier quality control of the
fermentation process.

The spread plate technique is a classical methatl ithused to monitor
microbiological changes during fish sauce ferméomatin the presence of added
starter cultures, it is difficult to differentiateetween added starter cultures and
naturally existing microflora based on selectivadiraeand colony morphology. More
importantly, the plate count technique cannot beduso detect viable but
nonculturable (VBNC) microorganisms. The VBNC statf microorganisms
normally occurs under harsh environments, suchxéierae temperature, nutrient
starvation, oxygen availability, and sharp changegssmotic stress, pH, or salinity
(Fakruddin et al., 2013). This would lead to an eredtimation of the “true”
population of the starter cultures. Therefore, éhera need to develop methods that
can specifically detect starter cultures during Bauce fermentation.

The gPCR technique based on gene specificity has Wedely used for the
sensitive and specific detection of microbial specor subtypes (Fonseca et al.,
2013). Specific genes/regions, such as proteingingogenes, ITS regions, or
virulence genes, have been used to design sp8&iR primers and probes to detect
and discriminate between species of bacteria (@HFamisjarvi and Alatossava,
1997), such aStaphylococcus aureus (Kadiroglu et al., 2014)gnterococcus spp.,
and Escherichia coli (Noble et al., 2010). The most reported PCR methiaal
bacteria are based on the detection of DNA fronm lige and dead cells (Delroisse

et al., 2008). This could lead to false interpietet, particularly to monitor starter
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cultures where only live cultures are of concerrea® cells have a damaged
membrane that is unable to retain DNA (Cook andsto] 2007). Propiodium
monoazide (PMA) has been used to covalently bindARNder light exposure and
assist in the selective detection of live cellsause PMA-conjugated DNA cannot
be amplified by PCR (Coffiman et al., 1982). PM&atment conditions vary with
specific PCR methods and sample matrices. Factockiding the type and
concentration of target bacteria (Zhu et al., 20112¢ fat content of food samples
(Yang et al., 2011), or the Mgconcentration of the gPCR reaction (Nocker et al.,
2006) can affect DNA binding by PMA and should begestigated for a specific
application.

The PCR methods for the specific detection of tfereanentioned starter
cultures have not been reported. The objectivethiefstudy were to develop and
evaluate qPCR methods to detect viable starteuresltofVirgibacillus sp. SK37
and T. halophilus MS33 and to apply these PCR methods to monitongds in

starter cultures during fish sauce fermentation.

3.3 Materials and methods

3.3.1 Bacterial strains
Virgibacillus sp. SK37 (accession no. DQ910840) dn#alophilus MS33
(accession no. FJ715465) were isolated from fereteiish sauce at 1 month and are
potential fish sauce starter cultur&srgibacillus sp. SK37 was cultured in tryptic
soy broth containing 5% NaCl (TSB5) and incubatéd3a °C under aerobic
condition for 3 daysT. halophilus MS33 was cultured on De Man, Rogosa and

Sharp broth containing 5% NaCl and 0.5% CaQ@®@RS5) and was incubated at 35
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°C under anaerobic conditions for 3 days. Thesedtnains were used as the target
strains in this research.

Indigenous bacteria were isolated from comiakrtsh sauce tanks at
various fermentation times between 1 and 8 momhsotal of 28 isolates were
obtained and identified by 16S rDNA sequence amaly$able 3.2). Isolates
identified to beTetragenococcus and Virgibacillus were cultured using the media
and conditions described abov&he other isolates were grown on tryptic soy agar
(TSA) and incubated at 35 °C under aerobic conditar 24 h. Reference strains,
including T. halophilus ATCC33315, T. muriaticus JCM10006, Staphylococcus
condimenti JCM6074,S. carnosus TISTR833,S. piscifermentans JCM6057, and/.
halodenitrificans ATCC12304, were cultured using MRS5 and TSA medidrhese
strains were used for the specificity test.

3.3.2 Fish sauce samples

Fresh Spanish macker&tomberomorus maculatus) was purchased
from a local supermarket (Mississauga, ON, Canadd)ground into paste using a
blender (Cuisinaft Woodbridge, ON, Canada). The ground samples (}50ere
added with NaCl to a final concentration of 25%lI<ef Virgibacillus sp. SK37 and
T. halophilus MS33 (16-10" CFU/mL) were added at 5% for co-culture
fermentation. For single culture fermentation, eatthe inoculum cultures ($a.0’
CFU/mL) was added to a final concentration of 10%ermentation was performed
at 35 °C for 90 days. Samples (10 g) were takén @t 14, 30, 60, 75, and 90 days
for bacterial enumeration by plate count and qPG&yais.

Commercial fish sauce samples fermented fd3, B, 8 and 12 months

were collected from the Rayong Fish Sauce Indu@®gyong, Thailand). The
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samples were taken from 3 fermentation tanks &t eache sampling points and
were used as matrices to evaluate the qPCR metlwodthe quantification of
Virgibacillus sp. SK37 and. halophilus MS33.
3.3.3 Plate count enumeration

Mackerel fish sauce samplesewenumerated by the standard plate
count technique. Mackerel fish sauce (10 g) wasrtaand mixed with 90 mL of
0.85% NaCl. Samples were diluted and enumeratedybate count agar containing
10% NaCl (PCA10) and modified JCM168 agar conta&jrif% NaCl (JCM10) for
total halophilic bacteria antfirgibacillus sp. SK37, respectively. MRS5 medium
was used to enumeraife halophilus MS33. PCA10 and JCM10 were incubated
under aerobic conditions, while MRS5 agar was iateddb under anaerobic
conditions; all media were incubated at 35 °C té&r days. For commercial samples,
100 pL of undiluted fish sauce was spread on MREbXCM10 agar and incubated
under the same conditions described above.

3.3.4 DNA extraction

Pure cultures of. halophilus MS33 andVirgibacillus sp. SK37 (100
ul) equivalent to 10-10CFU/mL were centrifuged in 1.5-mL microcentrifugdes
at 10,000 xg for 10 min to collect cell pelletsttheere then washed twice with 1 mL
of 1x Phosphate Buffered Saline (1x PBS). The tseliere resuspended in 180
of lysis buffer (20 mM Tris-HCI, pH 8.0, 2 mM EDTAL.2% Triton X-100, 20
mg/mL lysozyme) and incubated at 37 °C for 30 nbMA was extracted from the
cell lysates using the DNeasy® tissue kit (QIAGEWississauga, ON, Canada)
according to the manufacturer’s instructions. DNAsweluted in 100 pL of AE

buffer (10 mM Tris-HCL, 0.5 mM EDTA, pH 9.0). DNAoacentrations and quality
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were assessed based on thegBnd the ratio of Ofy/OD-sgo, respectively, using a
Nanodrop 2000 (Thermo Scientific, Wilmington, DESA)).

Fish sauce samples (100 pL) were washed twitbel mL of 1xPBS and
centrifuged at 10,000 xg for 10 min. The pelletseveesuspended in 500 pL of
1xPBS, and propiodiummonoazide (PMA) was then added to a final concéatra
of 100 uM. The mixture was incubated in the dark ahaking speed of 600 rpm for
20 min, followed by light exposure on ice for 5 mah a distance of 20 cm. The
samples were subsequently washed and centrifugdd,800 xg for 10 min to
collect the pellets. An internal control culturesradded to the pellets at 1.66 X' 10
CFU/sample prior to DNA extraction. The DNA wasrexted using the DNeasy®
tissue kit and evaluated as described above.

3.3.5 Polymerase chain reaction (PCR)

The alkaline serine proteasgexe éprX) and the internal transcribed
spacer (ITS) were used to targétgibacillus sp. SK37 andl. halophilus MS33,
respectively. TheaprX gene sequence ofirgibacillus sp. SK37 (accession no.
HM587897) was retrieved from the National CenterBaotechnology Information
(NCBI) (http://www.ncbi.nlm.nih.gov). The ITS regiosequence of. halophilus
MS33 (accession no. KP638354) was obtained by P@Rsaquencing of the PCR
product using the forward primer 5-CTACAACCCCAGABSICAAG-3’ and the
reverse primer 5’-CAATGGGAAGTACAACGAGC-3, both ofhich were designed
from the 16S and 23S rDNA sequenceTohalophilus NBRC12172 (accession no.
NC_016052). Primers and probes (Table 3.1) weea tthesigned using Primer
Express® 3.0 software (Life Technologies, Fostay,GTA, USA) and synthesized

at Laboratory Services, University of Guelph (Glel@N, Canada) using an ABI
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3900 HT DNA synthesizer (Life Technologies). Thanmrs and probes were
purified using oligo purification cartridges (Lifilechnologies). The probes (Virl086
and Tet48) were labeled at the 5-end with the repalye FAM and at the 3’-end
with the quencher Black Hole Quenchdr (Biosearch Technologies, Inc., Novato,
CA, USA). Internal controls (IC) were constructegl doning artificial fragments
(Table 3.1) into a plasmid using the One $h®bp10 Cloning kit (Invitrogen,
Carlsbad, CA, USA) and then transforming the redoantt plasmid intoE. coli
DH5a following the instructions provided by the kit mdacturer. The artificial IC
fragments were flanked with the same sequencebBeoptimers of their respective
targets to allow for the amplification of a targeid the IC with a single primer pair.
The IC probes were labeled with the reporter dyd. CAlor Orange560 (Biosearch
Technologies) at the 5-end and with the quenchéaclB Hole Quenché&l
(Biosearch Technologies) at the 3’-end. The recoanti IC cells were grown in 5
mL of TSB containing 100 pg/mL of ampicillin, staren 20% glycerol in a -80 °C
freezer, and added to all samples prior to cei$lfer DNA extraction.

The amplification was carried out in 20-uL rmgaes in a PCR
MicroAmp™ Fast 96-well Reaction Plate sealed withictfdAmp™ Optical
Adhesive Film (Life Technologies). Each reactiomtained 3 pL of genomic DNA,
10 pL of 1x iTag Universal Probe Supermix (Bio-Raaboratories, Mississauga,
ON, Canada), 500 nM of each primer, and 300 nMagheprobe. The amplification
was conducted using a 7500 Fast Real-Time PCRmdtde Technologies). The
cycling conditions were 95 °C for 3 min, followey 40 cycles of 95 °C for 30 s and

then 60 °C for 30 s. Fluorescence was read at &3itg 7500 software V2.0.1 (Life



Table 3.1Primers and probes designed for detectioviigfibacillus sp. SK37 and. halophilus MS33 usingaprX and ITS, and
internal control used in this study.

Primers/ Tm (°C) Position  Amplicon Accession
Target  Probes name Sequences (5'-3") of of size
gene/ primers/ primers/ (bp) number
region probes probes
aprX  Vir_F1029 GGATCGGCGCTAGAAAAACA 58.9 1029-1048 131 HM587897
Vir_R1140 GCTGAGGATTTGCCTCAAGC 58.6 1140-1159
Virl086 FAM-ACTATCTGGCACTTCGAT-BHQ1 69.0 1086-1103
Lrgre]{rr:)"’l" * GGATCGGCGCTAGAAAAACACTTGTCCCTCCTGTTGGTACTAGAGAGGGGGAAAGGGCGAATTCTACAAGEG
for SK37 AAAGGGCCCTACAGATTCGCAGAATTCGCGTGATG&CTTGAGGCAAATCCTCAGC
ITS Tet_F20 GGTCAAGGGTTTCTCGAAGGT 58.0 20-40 110 KEe38354
Tet_R107 AATCAACACCAACCGAGAATCC 59.0 107-128
Tet48 FAM-TTGAGCGATCAAAGCCCTTCGAACA-BHQ1 68.0 48-72
::r:)tr(:‘{g:lll GGTCAAGGGTTTCTCGAAGGTCTTGTCCCTCCTGTTGGTACTAGAGAGGGGGAAAGGGCGAATGCTGCAAGA
for MS33 GAAAGGGCCCTACAGATTCGCAGAATTCGCGTGATGGATTCTCGGTTGGTGTTGATT

*Forward and reverse primers were shown in itdjihabets. Underline was IC probe sequence.

L6
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Technologies). The quantification cycle JGralues were assigned automatically
using the system software. The delta(8C;) between the Cof the samples and the
Cq of IC was used for normalization.

For each experiment, samples were prepared in ciipli and PCR was
carried out in duplicate for each sample. CultmeBNA of Virgibacillus sp. SK37
andT. halophilus MS33 were used as positive controls. The PCR mastewithout
a DNA template was used as a negative control. & wmcluded in each PCR
reaction to monitor PCR inhibition or PCR failure safe guard against false
negative results.

3.3.6 Evaluation of the qPCR assays

The specificity of the primeand probes were tested with the genomic
DNA (15ng/PCR) of 28 isolates of bacterial microfloisolated from fish sauce
plants and the genomic DNA from 6 reference stréliable 3.2). The quantification
limit/range and the matrix effect of the optimizgdlCR methods were assayed using
fish sauce mashes taken at various fermentatioestiofi 1, 3, and 6 months. Fish
sauce samples (100 pL) were added to 1.5-mL mintofigge tubes, and pellets
were collected by centrifuging at 10,000 xg for rhih. The pellets were washed
twice with 1 mL of 1x PBS and were spiked whfrgibacillus sp. SK37 orT.
halophilus MS33 at various cell concentrations between 10cFUJ/mL. DNA was
then extracted from the spiked fish sauce usingsme protocol as described in
section 3.3.4. The gPCR reactions were prepardeéssibed in section 3.3.5.

Repeatability and reprothility of the PCR methods were also

evaluated using 100 pL of fish sauce mash fermefmied, 3, and 6 months. Fish

sauce pellets were prepared and spiked with the pultures ofVirgibacillus sp.
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SK37 orT. halophilus MS33 at cell concentrations betweerf-10° CFU/mL. The
DNA extraction and PCR reactions were carried ost described above.
Repeatability and reproducibility were determineg talculating the standard
deviation (SD) and the relative standard devia(R8D) of G, and the CFU of each
gPCR reaction within and between experiments, cisty.
3.3.7 Optimization of propidium monoazide (PMA) treatment

conditions for spiked fish sauce

The parameters of PMA tneaxt, including the PMA concentration,
incubation time, and light exposure time, were stigated.Virgibacillus sp. SK37
and T. halophilus MS33 were cultured in broth as described in sac8@8.1. To
prepare dead cells, live cells (100 pL) frovfingibacillus sp. SK37 ofT. halophilus
MS33 suspensions at lGFU/mL were inoculated into 0.9 mL of fish saucel an
incubated at 35 °C for 7 days. To confirm that $ipéked samples contained dead
cells fromVirgibacillus sp. SK37 and. halophilus MS33, the spiked samples were
spread on agar plates using the same medium anlitioos as described in section
3.3.3. Samples (90 pL) containing dead cells weasnsterred into 1.5-mL
microcentrifuge tubes and were then spiked witlpeesve live cells (10 pL) from
Virgibacillus sp. SK37 ofT. halophilus MS33 at concentrations ranging from 10 to
10° CFU/mL. Prior to DNA extraction, PMA was addedfigh sauce containing live
and dead cells at final concentrations betweeng@300 uM. Subsequently, the
samples were placed in a Thermomixer (Thermo Stenvilmington, DE, USA)
in the dark at room temperature for times rangnognf 10 to 40 min with a shaking
speed of 600 rpm. The samples were then placeddmailly on ice under light for

times from 5 to 20 min at a distance of 20 cm usin®00 W halogen lamp
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(Canadian Tire, Guelph, ON, Canada). When the kgyiposure time was complete,
the samples were centrifuged at 10,000 xg for 1) Pellets were collected and IC
was added. The samples were then tested by the gir@Rdures as described in

previous sections to determine the optimal PMAttmest condition.

3.4. Results and discussion

3.4.1 gPCR assay development and specifycit

TagMan-based qPCR methods for specific detectnd quantification of
Virgibacillus sp. andT. halophilus have been developed in this researthe aprX
gene encodes alkaline serine proteinase-X (AprXioxael member of the family of
the subtilase superfamily, which was used to desigine primers
(Vir_F1029/Vir_R1140) and the probe (Virl086) totet Virgibacillus sp. SK37.
The sequence of theprX gene was deposited in GenBank under accession mumbe
HM587897. The primers and the probe showed 100%olagy to only theaprX
gene ofVirgibacillus sp. SK37 and the complete genomé/ofjibacillus sp. SK37
(accession no. CP007161) in the GenBarkhe ITS sequence of. halophilus
MS33 (accession no. KP638354) was wused to desige trimers
(Tet_F20/Tet_R107) and the probe (Tet48) for thieateon of T. halophilus. The
primers and the probe showed 100% homology to ¢imdy ITS sequence Of.
halophilus NBRC12172. None of the other species ofetragenococcus and
Virgibacillus, or any other genus of bacteria, showed homolagly tlve primers and
probes when tested using the BLAST tool againsptli#ic database.

The rationale behind the selection of the ITS negamd the protein-

coding gene for the design of specific primers @ndbes for detection of the
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bacterial starter cultures in this study is thasth target sequences exhibit higher
genetic variation than the more conserved 16S rRj¢Ae and therefore can be
utilized for differentiating species of closelyatdd taxa (Fox et al., 1992). The ITS
region is a highly variable region among speciebath base length and sequence
(Boyer et al., 2001; Osorio et al., 2005). Bothiattons have been extensively used
to distinguish closely related species and evertebat strains (Scheinert et al.
1996; Maes et al., 1997), e.@acillus species (Saikaly et al., 2007; Xu and CGété,
2003) and_actobacillus sakel in meat and fermented sausages (Martin et al§)200
The ITS of Nocardia crassostreae was successfully applied for detection at the
species level in oysters (Carrasco et al., 2013).

The protein-coding geneafrX ) of Virgibacillus sp. SK37 showed
potential for specific detection at the specielef Virgibacillus. Protein-coding
genes or specific genes have been used for thetidetef various pathogens at a
species level in foods. Gyrase subunit B geyyeB) was used to design the specific
primers forPhotobacterium phosphoreum detection in salmon steaks (Maceé et al.,
2013). Vibrio cholerae has been detected by outer membrane protampW),
hemolysin flyA) and the regulatory proteirtokP) genes. Garrido-Maestu et al.
(2015) reported that the outer membrane lipoprofei) gene has been used as a
new detection target for. cholerae in foods.

The internal control (IC) sequences for tletection of each target
(Virgibacillus sp. SK37 and. halophilus MS33) were artificially constructed in this
study (Table 3.1). The optimal primer, target gobnd IC probe concentrations
were 500, 300 and 300 nM, respectively. The anngaémperature was 60 °C. The

template concentrations of IC fofirgibacillus sp. SK37 andr. halophilus MS33
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were optimized to be 0CFU/PCR, which were equivalent tq, @alues of 25-26
and 24-25, respectively. In this study, the inteomntrols were designed using the
same primer set of the target, which provides samesimilar amplification
efficiency between the target and the IC in additio simplifying the assay reagent
components.

The specificity of the gPCR assays was testathubie genomic DNA of 28
isolates from fish sauce plants and 6 referenansirthe results are shown in Table
3.2. The gPCR results showed that the qPCR asregstitay Virgibacillus sp. SK37
also detected other strains\afhalodenitrificans isolated from the commercial fish
sauce during fermentation (Table 3.2). Similarlge tqPCR assay targeting
halophilus MS33 also detected other strainsTofhalophilus. There was no cross
reaction of either the Vir PCR or the Tet PCR tbeottested species. The results
indicate that the PCR assays were specific at @espéevel, but not at a strain level.
The Virgibacillus assay was specific forirgibacillus sp., as demonstrated by the
detection of strains of SK37 and SK33 as well esirsd ofV. halodenitrificans SK1-
3-7 and ATCC12304. The PCR method for halophilus detection also showed
specificity towards all of the tested strainsTofhalophilus (e.g. MCD10-5-10 and
MS33).V. halodenitrificans andT. halophilus may grow as microflora in fish sauce,
but were likely to be lower than the quantificatilbmit of both PCR assays. The
results suggested that these methods can be usednitor Virgibacillus sp. SK37
andT. halophilus MS33 added into commercial fish sauce without dpeirierfered
with by naturally existing microflora. The PCR eféncies were estimated using
DNA from pure cultures of the target organisms ahaentrations of 10-f0

Cells/mL, which were equivalent to 0.5-4.5 LogC#ISR.
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Table 3.2Specificity of the gPCR assays toward bacteriaatgol from fish sauce
fermentation and type strains.

gPCR result
Source* Bacterial name Vir PCR Tet PCR
CFT-1  Salinicoccus hispanicus M1P10 - -
CFT-1  Salinicoccus roseus M1J10 - -
CFT-1  Tetragenococcus halophilus M1M5 - +
CFT-1  Virgibacillussp. SK33 + -
CFT-1  Saphylococcus sp. M5-1-3 - -
CFT-1  Saphylococcus sp.SK24-1 - -
CFT-1  Tetragenococcus halophilus MS33 -
CFT-1  Tetragenococcus halophilus MRC10-1-3 -
CFT-1  Virgibacillus sp. SK37 + -
CFT-2  Bacillussp. M2J10 - -
CFT-3  Tetragenococcus halophilus M3M5 - +
CFT-3  Virgibacillus halodenitrificans SK1-3-7 + -
CFT-3  Virgibacillus halodenitrificans M3P10 + -
CFT-4  Slinicoccus roseus M4P10 - -
CFT-4  Virgibacillus halodenitrificans M4J10 + -

CFT-4  Bacillussp. M4J10 - -
CFT-4  Bacillusviethamensis M4J10 - -

CFT-5  Salinicoccus hispanicus M5G-P10 - -
CFT-5  Saphylococcus epidermidis M5B-P10 - -

CFT-5  Salinicoccus hispanicus M5G-J10 - -
CFT-5  Saphylococcus sp. M5J10 - -
CFT-5  Saphylococcus sp. M5B-M5 - -
CFT-6  Saphylococcus sp. M6B-P10 - -
CFT-6  Virgibacillus halodenitrificans M6J10 + -
CFT-7  Salinicoccus hispanicus M7GJ10 - -
CFT-7  Saphylococcus sp. M7B-M5 - -
CFT-8  Salinicoccus roseus M8P10 - -
CFT-8 Bacillussp. M8J10 - -
ATCC  Tetragenococcus halophilus ATCC33315 - +
ATCC  Virgibacillus halodenitrificans ATCC12304 - -

JCM Saphyl ococcus condimenti JCM6074 - -

JCM Tetragenococcus muriaticus JCM10006 - -

JCM Saphylococcus piscifermentans JCM6057 - -

TISTR  Saphylococcus carnosus TISTR833 - -
*CFT, commercial fish sauce tank, numbers indi¢atmentation time in month, ATCC, American
Type Strain Culture Collection; JCM, Japan Collectof Microorganisms; TISTR, Thailand Institute
of Scientific and Technological Research. NegatiyeNo G, positive (+), G was 25-26.
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3.4.2 gPCR efficiency

The linear regression betweep &d the bacterial concentration (Log
Cells/PCR) (Figure 3.1) showed qPCR efficiencies1060.4% and 91.7% for
Virgibacillus sp. SK37 andl. halophilus MS33, respectively. The efficiencies
were also tested in the presence of background Dhs&A was prepared from
uninoculated fish sauce samples, which were 10Jafh®90.2% for Vir PCR and
Tet PCR, respectively. The determination coeffitiei¥) were 0.99 in all cases,
indicating a high linearity between target bacilez@unt and the E£values. The PCR
efficiency of the developed gPCR methods was inrémge of 90 to 110%. This
result is comparable to studies of pathogenic biact&arrido-Maestu et al. (2015)
reported that the efficiency of gPCR to detectlthB gene ofV. cholera was 95.2%.

The acceptable PCR efficiency range was tedoto be 85 to 110%
(Postollec et al., 2011). Background DNA was DNAnfr other substances in the
fish sauce, e.g., DNA from fish and non-target woiflora. Background DNA can
reduce the PCR efficiency by capturing nucleic ss@dd/or by inactivating DNA
polymerase (Fortine et al., 2004). However, thécieticy of the developed gPCR
assays, even with the presence of the background, Ddas still in the same
acceptable range (Figure 3.1). The results indicdatat the efficiency of the
developed gPCR methods was not affected by backgrDiNA.

3.4.3 Quantification limit/range and matix effect

The quantification limit/range and matriXest of the optimized gPCR
methods were determined using fish sauce sampldsdsprith known cell
concentrations (10-£0Cells/mL) of the target organisms. Linear cotielss (R

values = 0.9899 and 0.9764) were obtained betweegRCR results and bacterial
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Figure 3.1 Linearity of qPCR efficiency of Virl086 fovirgibacillus sp. SK37 (a)

and Tet48 probe foil. halophilus MS33 (b) detection. The linear

correlation between lggof cell suspension andqGvith slope and R

(square regression coefficient after the lineareggon). Efficiency of

gPCR was calculated using the equation:

Efficicy = (-1 + 10M5°P%) x 100

counts ofVirgibacillus sp. SK37 and. halophilus MS33, which were added to the

samples (Figure 3.2). The low quantification limigere 3 LogCells/mL for
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Virgibacillus sp. SK37 with G values of 29-30 and 2 LogCells/mL forhalophilus
MS33 with G, values of 31-34 (Figure 3.2). At 7 LogCells/mhetqPCR assays
also showed positive results with both targets adadt shown). These results
indicate that the qPCR assay forhalophilus detection was more sensitive than the
PCR forV. halodenitrificans.

The quantification limit of the Vir PCR and Tet PG& the detection of
targets in fish sauce mash samples wa<CHlis/mL and 18 Cells/mL, respectively,
which are similar to those in published PCR assals. limit of detection of viable
Salmonella was as low as 2 LogCFU/mL in pure cultures and §@lU/g in lettuce
(Liang et al., 2011). The detection limit &f sakei in a sausage model was 3
LogCFU/g (Martin et al., 2006). Ueda et al. (20i})orted that the detection limit
of B. cereus in food samples (e.g., lettuce, vegetable salgdjd whole egg, and
cow milk) was 4-5 Log CFU/mL. The linear correlato(R values) of the Vir PCR
and the Tet PCR were also similar to others thae Heeen previously reported. For
example, the Rfor the quantification oBrochothrix thermosphacta in seafood was
0.911 (Mamlouk et al., 2012). A higher sensitiwitgs observed in the detection of
T. halophilus MS33 compared to thaprX gPCR assay. The reason for this is likely
because thaprX gene ofVirgibacillus sp. SK37 contained only 1 copy per genome
(Phrommao, 2010), while the ITS regions containeteast 4 copies per genome.
There are 4 and 5 copies per genome of the 16S rBhA 23S rRNA genes,
respectively, in T halophilus NBRC12172 (NCBI database,
http://www.ncbi.nim.nih.gov). This implies that thES region ofT. halophilus was

supposed to have at least 4 copies per genome.
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Figure 3.2 Quantification limit of gPCR assays fdirgibacillus sp. SK37 (a) and.

halophilus MS33 (b).

To determine the matrix interference on the gP&€sags, fish sauce samples
fermented at 1, 3, and 6 months were spiked with thrget organisms at
concentrations between 10°1Qells/mL and tested as fish sauce samples from the
different stages of fermentation presenting witffedent physical, chemical, and
microbiological characteristics. DNA extracts frahe spiked fish sauce fermented
for 1 and 3 months had very high DNA concentratiand were diluted 10 times

with AE buffer prior to the gPCR assays, while #n@xtracted from 6-month-old
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samples were used directly in PCR. No amplificatsagnal was observed in the
uninoculated samples (negative controls). Goodatitye was observed in all the
spiked fish sauce samples from different stage$ewhentation (Figure 3.3). £

values were comparable at a given target conceriramong the fish sauce
matrices from 1, 3 and 6 months of fermentatiore Tésults indicated that matrix
interference effects on DNA amplification were negille when using the DNA

extraction and gPCR procedures developed in tesareh.

Fish sauce is a complex system, and the matrixfameces of the qPCR
assays are likely to vary with fermentation timanfples from the initial period of
fermentation (the first 3 months) contain undigedish tissue. Most fish protein,
with the exception of connective tissue and othgonsa proteins, was not
completely hydrolyzed to small peptides and amicasacompared to the later
stages of fermentation (Lopetcharat et al., 200herefore, samples of different
periods of fermentation would present with variedamic components and different
sizes of fish tissue. A high DNA vyield (>400/pL) was obtained from the initial
period due to a high amount of fish tissue paricleo overcome this problem, fish
sauce mash was washed twice with 1x PBS prior té Bkiraction and DNA was
then diluted 10-fold before gPCR determination @créase the effect of background
DNA. After dilution, the linear quantification of RfR was still maintained,
confirming that there was no negative effect onRE&R performance due to dilution.
Luna et al. (2012) reported that a 100-fold dilatad DNA was free from inhibitors,
indicating that the washing steps before DNA exioacin combination with dilution
was a simple strategy to remove interference froarime sediment samples.

Inhibitory substances, such as fats, proteins arigha concentration of &3 can
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Figure 3.3Fish sauce fermented for 1, 3, and 6 months aeseptative matrices

for gPCR assay ofirgibacillus sp. SK37 (a) andl. halophilus MS33

(b).

reduce the efficiency of extraction and PCR (Cresesoet al., 2006). The procedure
for DNA extraction from fish sauce samples wasrapdrtant step for starter culture
detection using qPCR.
3.4.4 Repeatability and reproducibility
The repeatability and reproducibility of teveloped qPCR assays were
determined using intra-assay and inter-assay seg@pectively. The repeatability
was calculated at each of the spiking levels antbegG, values of duplicate fish

sauce samples and duplicate PCRs for each of shesfiuce samples. The relative
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standard deviations (% RSD) ranged from 15 to 3@fthfeVirgibacillus PCR assay
and from 17 to 32% for theletragenococcus PCR assay (Table 3.3). The
reproducibility was calculated at each of the spikievels among the data from 3
separate experiments conducted on different days.ré&lative standard deviations
were within 33% for both of the gPCR assays (T&033.

To ensure the reliability and sensitivity of theGHP technique, inhibitory
substances from foods or carry-over of reagentsl e the isolation of nucleic
acids must be removed; internal controls (IC) acuired for inhibition monitoring
during gPCR (Diez-Valcarce et al., 2011). Since ititernal controls were in the
form of recombinant cells, they were co-extractad ao-amplified, and were used
effectively not only for monitoring inhibition oaflure of amplification, and also for

monitoring DNA extraction and normalizing the qP€Rults.

Table 3.3Repeatability and reproducibility of gPCR assagpiked fish sauce.

Bacteria Spiking level Repeatability Reproducibility
(CFU/mL) (within experiment) (between experiment)
G, xSD %RSD CFU £ SD %RSD
Virgibacillus sp.
SK37 1,650,000 18.8+0.08 15.32 1,504,167 + 1037149 8.90
165,000 22.2+0.44 36.76 156,987+ 5665.89 15.40
16,500 25.7+0.14 21.69 15,990 + 360.91 33.33
1,650 29.8+0.03 23.69 1,140 +360.38 28.20
165 ND ND ND ND
T. halophilus
MS33 2,310,000 18.19+0.12 29.30 1,598,960 + 50278 33.33
231,000 22.48+0.28 17.17 147,363 £ 59140.63 27.45
23,100 25.42+0.21 12.25 19,488 + 2553.77 10.01
2,310 28.85+0.74 3242 2,116 +137.38 27.36
231 32.87+0.21 31.06 155 £54.12 33.33
NTC ND ND ND ND

ND, not detected. NTC, negative template control.
Cq, quantification threshold; SD, standard deviatieBD, relative standard

deviation.
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3.4.5 Effect of PMA treatment
PMA was used in the sample preparation to prewemtlification of

DNA from dead target cells and to ensure that t8® Rissays measured live cell
concentrations. The effectiveness of the PMA treatinwvas tested using fish sauce
samples spiked with live and dead target cells. déad cells were prepared by
incubating the target cells (AGFU/mL) in anchovy fish sauce at 35 °C for 7 days
and confirmed by plate counting. The optimal candg of PMA treatment for both
Virgibacillus sp. SK37 and. halophilus MS33 were found to be 100 uM PMA, 20-
min incubation in the dark with shaking at 600 rpnd 5-min light exposure time
prior to DNA extraction. Figure 3.4 shows that witth PMA treatment, the gPCR
assays resulted in readings of 6 Log Cells/mL eftdrget cells, mainly from dead
cells, regardless of the numbers of live cells gnésindicating that the gPCR assays
detected both live and dead cells. When the sanwéze treated with PMA, only
live cells were detected by the PCR assays at otrat®ns proportional to live
cells, which were added to the fish sauce samplggifes 3.4a and 3.4b). These
results demonstrated that the qPCR assays couptedPMA treatment could be
used to selectively quantify viable cells\dfgibacillus sp. SK37 and. halophilus
MS33 in fish sauce samples. The main disadvanth®&@ quantification methods
is the inability to distinguish between viable amah-viable cells, as dead cells may
also retain a significant amount of DNA. To over@othis limitation, PMA as a cell
membrane-impermeable DNA intercalating agent wadieghto avoid amplification
of DNA from dead cells, as reported previously (Mauk et al., 2012). Quantitative
analysis of starter cultures in Spanish mackes#l §auce by PMA-gPCR showed

different results from those by the plate counhtégue. The bacterial count of the
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T. halophilus MS33 (b) at the optimal PMA treatment.

control sample was not detected on agar platemgluhe first 7-30 days and

detected after 30 days, indicating that the baatenicroflora in the initial 30 days

might be VBNC.
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3.4.6 Application of the gPCR assays fguantification of starter cultures
during fish sauce fermentation

The gPCR assays were used to quantify tlengds in the starter
cultures during laboratory scale fermentation o&r8ph mackerel fish sauce. The
starter cultures oYirgibacillus sp. SK37 and’. halophilus MS33 were added into
the fish paste at IOCFU/mL as a single culture separately and alscoasultures.
The PCR results were compared to conventional ptaiets. As illustrated in Figure
3.5a, no amplification signal was observed in thenaculated samples during 90
days of fermentation, while bacterial plate coumtse 2-3 LogCFU/mL during the
course of fermentation. Fish sauce inoculated wWitthalophilus MS33 showed
counts of 5-7 Log Cells/mL based on the Tet PCRndu®0 days of fermentation,
corresponding to enumeration obtained from MRS5 aad110 (Figure 3.5b).
Although JCM agar showed bacterial counts of 4-g IGFU/mL throughout the
fermentation, no amplification of Vir PCR was de&etin this sample. These results
indicated thawirgibacillus sp. microflora were not present in the sample @nitiat
the presence ofirgibacillus sp. in the sample was lower than the limit of dibte
(LOD) of the method.

No signal was found from the Tet PCR irhfsauce inoculated with
Virgibacillus sp. SK37 (Figure 3.5c). The bacterial count on ICMgar was 7
LogCFU/mL at day 0 and decreased to 3 LogCFU/mL7 lways; no colonies were
found during the 14-60 days of fermentation. A dnmimber of counts were
recorded at 75 and 90 days on JCM10 (Figure 3Whgn the Vir PCR was applied,
the sample showed 7 LogCells/mL at day 0, graduddigreased to 5 LogCells/mL

by day 7 and remained at 3-4 LogCells/mL duringl@9s of fermentation. The
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Figure 3.5Detection olVirgibacillus sp. SK37 and. halophilus MS33 in fish sauce
inoculated with single or co-culture starters amcubated at 35 °C for 3
months by gPCR with Virl086 and Tet48 probe (linayl enumerated
by spread plate technique (bar). (a), the coni@! (b), fish sauce
inoculated withT. halophilus MS33 (MS33); (c), fish sauce inoculated
with Virgibacillus sp. SK37 (SK37); (d), fish sauce inoculated with

Virgibacillus sp. SK37 andT. halophilus MS33 (SK37+MS33).
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bacterial counts detected by qPCR were higher thase obtained from the plate
count technique (Figure 3.5c¢), indicatitigat some cells of/irgibacillus sp. SK37
may undergo a viable but nonculturable state (VBN@preover, the Tet PCR
showed negative amplification results throughoet férmentation period. However,
the bacterial counts on MRS5 agar were 2 LogCFU/ftle results imply that the
halophilus microflora of this sample were not present or wiekger than LOD, 2
LogCFU/mL; or the colonies presented on the MRS& agere nofl. halophilus.

For co-cultured sample, bacterial detectignbbth g°PCR assays was 7
LogCells/mL at day O (Figure 3.5d). The bacter@lnts based on the Vir PCR were
slightly lower than that obtained from the plateunts. The Vir PCR detection
revealed counts of 7 LogCells/mL at day O that eased by 2-3 LogCells/mL
thereafter. The Tet PCR also indicated 7 LogCells/at day O and slightly
decreased by 1-2 LogCells/mL at 60-90 days (Fi@usd). In this sample, the qPCR
and the plate count showed comparable resultsddiitian, no cross reaction was
detected with these two assays. Therefore, thelajga@ qPCR methods were more
specific and enable detection Vdirgibacillus sp. SK37 and’. halophilus MS33 in
the co-culture inoculation system.

Based on the qPCR assays, Wdtigibacilus sp. SK37 and’. halophilus
MS33 gradually decreased during 3 months of feratemt. T. halophilus MS33
appeared to have higher retention theirgibacilus sp. SK37 in co-culture
fermentation. This could be due to small peptided aligopeptides being digested
by the proteinases ofirgibacilus sp. SK37 and then serving as nutrients Tor
halophilus MS33. However, the survival rate of starters ingk and co-culture

fermentation was comparable when detected by qH@RIitional culture-dependent
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techniques failed to detedfirgibacilus sp. SK37 in a VBNC state and were also
unable to differentiate these two starter cultdresh other microflora even with the
use of selective media. The molecular methods afiere specific detection of
viable bacterial species of interest, particularlya complex system, such as that
found in fish sauce fermentation, which contains oy starter cultures but also
various types of background microflora. Traditiomaéthods (plate count) cannot
provide accurate information regarding changesiable starter cultures during fish
sauce fermentation, even though this informatiagritecally vital for process control
and development. This is the first report to depelpPCR methods for the

monitoring of the starter cultures in fish sauce.

qPCR result (Log Cells/fmL)
Bacterial plate counts (Log CFU/mL)

1 3 &) 8 12
Fermentation time (month)

CaAICM10 E=SSMRSS —==Virl086 —=<Tet48

Figure 3.6 Virgibacillus sp. SK37 andl. halophilus MS33 counts based on gPCR
(line) and plate count technique (bar) using JCMh@ MRS5 agar of
commercial fish sauce samples fermented for 1-12tinso
Because the qPCR assays showed species specificitynot strain

specificity, it was necessary to know whether thigfect the naturally existing
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microflora of fish sauce fermentation liké halodenitrificans. DNA extracted from
all of the commercial fish sauce samples showeathegresults with either the Vir
PCR or Tet PCR (Figure 3.6). However, the bacteiiale count on MRS5 ranged
from 1 to 4 LogCFU/mL, while the halophilic bacedricount on JCM10 was
approximately 1.5 LogCFU/mL throughout the courbé&omentation. The colonies
on MRS5 and JCM10 reflected cultured halophilicteaa, includingT. muriaticus,
Bacillus, andSalinicoccus. T. halophilus andVirgibacillus sp., if naturally present in
commercial fish sauce, would likely be lower tha@ of both the PCR methods.
Thus, the developed qPCR assays can be applie@ndanchanges of the starter
cultures Virgibacillus sp. SK37 andT. halophilus MS33 during fish sauce
fermentation at an industrial scale without beingteifered with by V.
halodenitrificans andT. halophilus naturally present in the fermentation system.
The quantification oW/irgibacillus sp. andT. halophilus microflora in
commercial fish sauce fermented for 12 months dit exhibit any signal during
fermentation, implying that there was nbthalophilus or Virgibacillus sp. in the
control and/or their amount was lower than the LODthe methods. In samples
inoculated with Virgibacillus sp. SK37, a bacterial count by the spread plate
technigue was not found, but the PMA-gPCR assagaled the presence of
Virgibacillus sp. SK37. This indicated the VBNC state \éfgibacillus sp. SK37
which likely underwent a dormant state in respotse& high salt environment.
VBNC cells have an intact membrane, a low metabie, and still respire. In
general, VBNC cells have higher chemical and playsiesistance than culturable
cells. This might be due to their metabolic ragny reduced and their cell wall

being strengthened by increased peptidoglycan dirdsag (Signoretto et al.,
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2000). The VBNC cells that are still alive can besuscitated when the
environmental conditions improve (Pinto et al., 2D1Detection using the spread
plate technique would underestimate the populaifasultures in the VBNC statd.
halophilus MS33 did not show a VBNC state as the PMA-gPCRayagsovided
comparable results to the plate count technique.MBNC state o¥irgibacillus sp.
SK37 andT. halophilus MS33 might be different. The conditions that tegghe

induction of a VBNC in these bacteria need to bthkr investigated.

3.5 Conclusions

The developed gPCR methods are specifisitbe) and fast techniques that
can be used to quantitatively determine viabiegibacillus sp. SK37 andT.
halophilus MS33 inoculated during fish sauce fermentatiomitiof quantification
of Virl086 and Tet48 probe was 3 and 2 LogCFU/mlMgibacillus sp. SK37 and

T. halophilus MS33, respectively.

3.6 References

Boyer, S. L., Flechtner, V. R., and Johansen, J(2B01). Is the 16S-23S rRNA
internal transcribed spacer region a good tool fse in molecular
systematics and population genetics: A case stodgyanobacteriaMol.
Biol. Evol. 18: 1057-1069.

Bustin, S. A., Benes, V., Garson, J. A., Hellemahs,Huggett, J., Kubista, M.,
Mueller, R., Nolan, T., Pfaffl, M.W., Shipley, J.,LVandesompele, J., and

Wittwer, C. T. (2009). The MIQE guidelines: minimuinformation for



119

publication of quantitative real-time PCR experinse@lin. Chem. 55: 611-
622

Carrasco, N., Roozenburg, I., Voorbergen-Laarman,ltgh, N., and Engelsma, M.
Y. (2013). Development of a real-time PCR for detec of the oyster
pathogerNocardia crassostreae based on its homogeneous 16S-23S rRNA
intergenic spacer regiod. Invertebr. Pathol. 114: 120-127.

Coffman, G. L., Gaubatz, J. W., Yielding, K. L., darvielding, L. W. (1982).
Demonstration of specific high affinity binding est in plasmid DNA by
photoaffinity labeling with an ethidium analagy. Biol. Chem 257: 13205-
13207.

Cook, K. L., and Bolster, C. H. (2007). Survival 6ampylobacter jegjuni and
Escherichiacoli in ground water during prolonged starvation at low
temperaturesl. Appl. Microbiol . 103: 573-583.

Cremonesi, P., Perez, G., Pisoni, G., MoroniM@randi, S., Luzzana, M., Brasca,
M., and Castiglioni, B. (2007). Detection of emt®ixigenicSaphylococcus
aureus isolates in raw milk cheeskett. Appl. Microbiol. 45: 586-591.

Delroisse, J.M., Boulvin, A.L., Parmentier, |., Opuin, R.D., Vandenbol, M., and
Portetelle, D. (2008). Quantification oMBifidobacterium spp. and
Lactobacillus spp. In rat fecal samples by real-timePQ/crobiol. Res.
163: 663-670.

Diez-Valcarce, M., Kovg K., Cook, N., Rodriguez-Lazaro, D., and Hernandéz
(2011). Construction and analytical applicatidimnternal amplification by
controls (IAC) for detection of food pgly chain-relevant viruses real-time

PCR-based assalsod Anal. Methods 4: 437-445.



120

Fakruddin, M. D., Mannan, K. S. B., and Andrews, (@013). Viable but
nonculturable bacteria: Food safety and public thepkrspectiveISRN
Microbiology . 1-6.

Fonseca, S., Cachaldora, A., Gomez, M., Francoard Carballo, J. (2013).
Monitoring the bacterial population dynamics durthg ripening of Galician
chorizo, a traditional dry fermented Spanish saeisegod Microbiol. 33:
77-84.

Fortine, N., Beaumier, D., Lee, K., and Greer, C.(®004). Soil washing improves
the recovery of total community DNA from polluteddahigh organic content
sedimentsJ. Microbiol. Methods. 56: 181-191.

Fox, G. E., Wisotzkey, J. D., and Jurtshuk, P.(1892). How close is close: 16S
rRNA sequence identity may not be sufficient to rgnéee species identity.
Int. J. Syst. Bacteriol 4:66-170.

Garrido-Maestu, A., Chapela, M. J., Vieites, J, Bhd Cabado, A. G. (2013nIB
gene, a valid alternative for gqPCR detectionvdirio cholera in food and
environmental sampleEood Microbiol. 46: 535-540.

Kadiroglu, P., Korel, F., and Ceylan, C. (2014).a@Qiification of Staphylococcus
aureus in white cheese by the improved DNA extractioratgtgy combined
with TagMan and LNAJ. Microbiol. Methods. 105: 92-97.

Lapsongphon, N., Cadwallader, K. R., Rodtong, 8d #ondsawatdigul, J., 2013.
Characterization of Protein Hydrolysis and Odorietcompounds of fish
sauce inoculated witNirgibacillus sp. SK37 under reduced salt conteht.
Agric. Food Chem 61: 6604-6613.

Liang, N., Dong, J., Luo, L., and Li, Y. (2011).etection of ViableSalmonella in



121

Lettuce by Propidium Monoazide Real-Time PQREFood Sci 76: 234-237.

Lopetcharat, K., Choi, Y. J., Park, J. W., and Bae§ M. A. (2001). Fish sauce
products and manufacturing : a reviéwod Rev. Int 17: 65-88.

Luna, G. M., DellAnno, A., Pietrangeli, B., and Davaro, R. (2012). A new
molecular approach beased on gPCR for the quaattdit of fecal bacteria in
contaminated marine sedimenisBiotechnol 157, 446-453.

Macé, S., Mamlouk, K., Chipchakova, S., Prévost,Jdffraud, J. J., Dalgaard, P.,
Pilet, M. F., and Dousset, X. (2013). Developmena oapid real-time PCR
method as a tool to quantify vialdRhotobacterium phosphoreum bacteria in
salmon Galmo salar) steaksAppl. Environ. Microbiol . 79: 2612-2619.

Maes, N., Gheldre, Y. D., Ryck, R. D., Vaneechquidle Meugnier, H., Etienne, J.,
and Struelens, M. J.(1997). Rapid and accurate identification of
Saphylococcus species by tRNA intergenic spacer length polymanphi
analysisJ. Clin. Microbiol . 35: 2477-2481.

Mamlouk, K., Macé, S., Guilbaud, M., Jaffres, Eeréhichi, M., Prévost, H., Pilet,
M., and Dousset, X. (2012). Quantification of v&bBrochothrix
thermosphacta in cooked shrimp and salmon by real-time PGRod
Microbiol . 30: 173-179.

Martin, B., Jofré, A. Garriaga, M. Pla, M., and Agmch, T. (2006). Rapid
guantitative detection dfactobacillus sakei in meat and fermented sausages
by real-time PCRAppl. Environ. Microbiol . 72: 6040-6048.

Noble, R. T., Blackwood, A. D., Griffith, J. F., e, C. D., and Weisberg, S. B.
(2010). Comparison of rapid quantitative PVR-based®l conventional

culture-based methods for enumeratioiioter ococcus spp. andEshaichiaadi



122

in recreational water&ppl. Environ. Microbiol . 76: 7437-7443.

Nocker, A., and Camper, A. K. (2006). Selective ogai of DNA from dead cells of
mixed bacterial communities by use of ethidium namide.Appl. Environ.
Microbiol . 72: 1997-2004.

Osorio, C. R., Collins, M. D., Romalde, J. L., aharanzo, A. E. (2005). Variation
in 16S-23S rRNA intergenic spacer regionsPimtobacterium damselae: a
mosiacilike structureAppl. Environ. Microbiol . 71: 636-645.

Phommao, E. (2010)Characterization of proteinases, protenase genes @n
genome ofVirgibacillus sp. SK37 isolated from Thai fish sauceA thesis
submitted in partial fulfilment of the requiremsrfor the degree of doctor of
philosophy in food technology. Suranaree Universftfechnology.

Pinto, D., Almeida, V., Almeida Santos M., and @tel, L. (2011). Resuscitation
of Escherichia coli VBNC cells depends on a variety of environmental or
chemical stimuliJ. Appl. Microbiol . 110: 1601-1611.

Postollec, F., Falentin., H., Pavan, S., Combrissgrand Sohier, D. (2011). Recent
advances in quantitative PCR (gqPCR) applicationdowd microbiology.
Food Microbiol. 28: 848-861.

Randall, L., Lemma, F., Rodgers, J., Vidal, A., adlifton-Hadley, F. (2010).
Development and evaluation of internal amplificaticontrols for use in a
real-time duplex PCR assay for detection @ampylobacter coli and
Campylobacter jgjuni. J. Med. Microbiol. 59: 172-178.

Reynisson, E., Lauzon, HL., Magnusson, H., Oli, H.end Marteinsson, V. T.
(2008). Rapid quantitative monitoring method foshfi spoilage bacteria

Pseudomonas. J. Environ. Monit. 10: 1357-1362.



123

Rudi, K., Naterstad, K., Dromtorp, S.M., and Holt, (2005). Detection of viable
and dead.isteria monocytogenes on gouda-like cheeses by real-time PCR.
Lett. Appl. Microbiol . 40: 301-306.

Saikaly, P. E., Barlaz, M. A., and Reyes, F. L.Q20 Development of quantitative
real-time PCR assays for detection and quantiboatif surrogate biological
warfare agents in building debris and leachafepl. Environ. Microbiol .
73: 6557-6565.

Scheinert, P., Krausse, R., Ullman, U., Soller,d&d Krupp, G. (1996). Molecular
differentiation of bacteria by PCR amplificationtbe 16S-23S rRNA spacer.
J. Microbiol. Methods. 26: 103-117.

Schnetzinger, F., Pan, Y., and Nocker, A. (2013 Uf propidium monoazide and
increased amplicon length reduce false-positivaatgyin quantitative PCR
for bioburden analysig\ppl. Microbiol. Biotechnol. 97: 2153-2162.

Signoretto, C., Lleo, M.M., Tafi, M.C., and Canep#. (2000). Cell wall chemical
composition ofEnterococcus faecalis in the viable but nonculturable state.
Appl. Environ. Microbiol. 66: 1953-1959.

Sinsuwan, S., Rodtong, S., and Yongsawatdigul, 2D0). NaCl-activated
extracellular proteinase frowirgibacillus sp. SK37 isolated from fish sauce
fermentationJ. Food Sci 72: 264-269.

Sinsuwan, S., Rodtong, S., and YongsawatdiguQD§). Characterization of &€a
activated cell-bound proteinase frafirgibacillus sp. SK37 isolated from
fish sauce fermentatidtWWT-Food Sci. and Tech 41: 2166-2174.

Tilsala-Timisja'rvi, A., and Alatossava., T. (199Development of oligonucleotide

primers from the 16S-23S rRNA intergenic sequentms identifying



124

different dairy and probiotic lactic acid bactety PCR.Int. J. Food
Microbiol . 35: 49-56.

Udomsil, N., Rodtong, S., Choi, Y. J., Hua, Y., anohgsawatdigul, J. (2011). Use
of Tetragenococcus halophilus as a starter culture for flavor improvement in
fish sauce fermentatiod. Agric. Food Chem 59: 8401-8408.

Udomsil, N., Rodtong, S., Tanasupawat, S., and Yawagtdigul, J. (2010).
Proteinase-producing halophilic lactic acid bdatésolated from fish sauce
fermentation and their ability to produce volatdempoundsint. J. Food
Microbiol . 141: 186-194.

Ueda, S., Yamaguchi, M., lwase, M., and Kuwabarg2¥13). Detection of emetic
Bacillus cereus by real-time PCR on foodBiocontrol. Sci. 18: 227-232.

Xu, D., and Cote, J. C. (2003). Phylogenetic retathips betweeBacillus species
and related genera inferred from comparison ofrfB9¥6S rDNA and 59 end
16S-23S ITS nucleotide sequenckd. J. Syst. Evol. Microbiol. 53: 695-
704.

Yang, X., Badoni, M., and Gill, C.O. (2011). Use mfopidium monoazide and
quantitative PCR for differentiation of viabkscherichia coli from E. coli
killed by mild or pasteurizing heat treatmerf&od Microbiol. 28: 1478-
1482.

Yongsawatdigul, J., Rodtong, S., and Raksakultda(2007). Acceleration of Thai
fish sauce fermentation using proteinases and tacttarter culturesJ.
Food Sci72: 382-390.

Zhu,R. G., Li, T. P, Jia, Y. F., and Song, L(#12). Quantitative study of viable



125

Vibrio parahaemolyticus cells in raw seafood using propidium monoazide in

combination with quantitative PCR. Microbiol. Methods. 90: 262-266.



CHAPTER IV
ENUMERATION OF STARTER CULTURES
TETRAGENOCOCCUS HALOPHILUS M S33 AND
VIRGIBACILLUS SP. SK37 DURING FISH SAUCE
FERMENTATION BY QPCR AND THEIR ROLESON
VOLATILE COMPOUNDSAND AMINO ACID

CHARACTERISTICS

4.1 Abstract

The potential ofVirgibacillus sp. SK37 and. halophilus MS33 as combined
cultures and single culture on chemical charadiesi®f fish sauce was investigated.
Fish sauce added starter cultures in sequentigr dry inoculatingvirgibacillus sp.
SK37 followed by addition of. halophilus MS33 after 1 month (SK37_1M+MS33)
showed higher survival rate of bacterial growthntlsengle starter culture treatments,
approximately 0.5-1 Log CFU/mL by gPCR-Amino contents of fish sauce added
co-cultures were the highest of 1,160-1,185 mM.tafsne of SK37_1M+MS33
showed lower amount than that of the cont®k(0.05). Fish sauce inoculated with
either sequential cultures or single culture showmgher content of total glutamic
acid and their sum of total amino acids was highan the controlR < 0.05). The

amount of 2-methylpropanal, 2-methylbutanal, and me&hylbutanal of
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SK37_1M+MS33 was higher than that of the contPrk(0.05). These compounds
were an odor active compound in fish sauce. Monedigh sauce inoculated with
starter cultures did not increase surfur-containbognpounds that contributed to
undesirable note. Addition of starter culture, gatarly in sequential order, showed
potential to improve volatile compound and chememahpositions of fish sauce.
Key words: Fish sauce fermentatioNjrgibacillus sp. SK37,T. halophilus MS33,

gPCR,a-amino acids, biogenic amines, glutamic acids, tielaompounds

4.2 I ntroduction

Fish sauce is one of important Asian fermented fadich requires long
fermentation time of 12-18 months to attain opti@adma and taste characteristics.
Addition of starter cultures has been proposed asans to reduce fermentation
time and improve product quality. Hariono, YeamkKand Ang (2005) reported
that addition of koji and commercial protease deslifromAspergillus oryzae to fish
sauce fermentation increased glutamic acid and umam the product.
Saphylococcus xylosus added to mackerel fish sauce reduced fecal notdteds
from dimethyl disulfide and dimethyl trisulfide (Kami, Funatsu, Kawasaki, and
Watabe, 2004)Vigibacillus sp. SK37, a moderately halophilic bacterium, hesnb
reported to reduce fermentation time from 12 momth4 months (Yongsawatdigul
et al., 2007). Halophilic lactic acid bacteria (LABave also been reported to be
dominant microorganisms during flavor and colorelepment at the final stage of
fish sauce fermentation (Saisithi, 1994). halophilus MS33 isolated from Thai fish
sauce produced various desirable aldehydes, imgud-methylpropanal, 2-

methylbutanal, 3-methylbutanal, and benzaldehyddJdofnsil, Rodtong,
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Tanasupawat, and Yongsawatdigul, 2010). The us&. dfalophilus as a starter
culture could improve flavor quality of fish sauce.

The use of combined starter cultures in fish sdeceentation would provide
more benefits than a single culture. It could inwerovarious quality aspects
simultaneously. Uchida et al. (2005) reported tbambination of koji andT.
halophilus increased organic acids and amino acids of freshwalver carp fish
sauce as compared to the usd.dfialophilus alone Zhao et al. (2011) reported that
combination ofLactobacillus pentosus, Pediococcus pentosaceus, andS. carnosus as
starter cultures in dry fermented sausage produdtioreased unsaturated free fatty
acids and extended shelf-life of the product.\Wgjibacillus sp. SK37 exhibits high
proteolytic activity, andl. halophilus MS33 produces desirable volatile compounds,
the combination of these 2 cultures in the fermgriawould shorten fermentation
time and improve aroma quality of fish sauce. Thactfice of combined cultures
could be carried out in 2 different means, nam@ly ar sequential inoculation. In
co-inoculation, cultures are inoculated simultarsbpuo the fermentation system.
Letort, Nardi, Garault, Monnet, and Juillard (2002ported that co-cultures &
thermophilus and L. delbrueckii subsp. bulgaricus stimulated growth and acid
production of the latter to a greater extent thamgle-strain culture. For sequential
inoculation, starter culture was inoculated for anth and followed by one another
added. Wen et al. (2014) reported the sequentiatuiation of Clostridium
thermocellum for 5 days and followed b{. beijerinckii. The former provided
sugar accumulation as earbon source for the latter tor acetone-butanol-ethanol
(ABE) production. The use of combined culturesesitto- or sequential inoculation

has never been explored in fish sauce fermentation.
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Detection of starter cultures in fish sauce ferragoh is a challenge. The
selective media cannot provide accurate resultstaube inability to discriminate
starter cultures and microflora based on colonypmology. Moreover, bacteria
under stress like high salt content would underngdle but nonculturable (VBNC)
state, which cannot be detected by plate countntqab. Therefore, molecular
method, quantitative real-time PCR (QPCR) has lpgeposed as a better approach
to for detection and enumeration of starter cuiurased on specific probes. The
use of qPCR combined with propidium monoazide (PY?CR) has been
developed for detection and quantification Wirgibacillus sp. SK37 andT.
halophilus MS33 based on alkaline serine protease X gepeX] and Internal
Transcribed Spacer (ITS), respectively (UdomsdleR015). Thepplication of the
developed qPCR technigue to monitor change¥igdibacillus sp. SK37 andr.
halophilus MS33 during fermentation would accuracy and Thgdives of this
study were to investigate the use of combined cedtofVirgibacillus sp. SK37 and
T. halophilus MS33 in fish sauce fermentation with regardingci@anges of starter

cultures based on the PMA-gPCR technique and kaltgundicators of fish sauce.

4.3 Materialsand methods

4.3.1 Preparation of starter cultures
Virgibacillus sp. SK37 andr. halophilus MS33 were isolated from fish
sauce fermentation as described by Udomsil e8IL{) and Yongsawatdigul et al.
(2007) with accession number DQ910840 and FJ715465
(www.ncbi.nlm.nih.gov/genbank), respectively, andwvé been stored at the

Microbial Cultures Research Center for Food and pBistics Production in
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Suranaree University of Technologwirgibacillus sp. SK37 was cultured in 25 mL
of Tryptic Soy Broth (TSB) containing 5% NaCl amtcubated at 35 °C under
aerobic condition for 3 day3. halophilus MS33 was cultured in 25 mL of De Man,
Rogosa and Sharp (MRS) broth containing 5% NaCtledd0.5% CaCg¢) and
incubated at 35 °C under anaerobic condition fdags. After incubation time was
attained, cell suspensions of individual culturE3%) were transferred into 100 mL
of fish broth containing 10% NaCl prepared accagydin Yongsawatdigul et al.
(2007) and incubated at each respective cultureliton to obtain the initial cells
approximately 110" CFU/mL.
4.3.2 Fish sauce fer mentation

One kg of Indian anchov§&¢lephorus indicus) was mixed with 25%
solar salt and 10% of eith&firgibacillus sp. SK37 ofT. halophilus MS33, which
was referred to as “SK37” or “MS33”, respectivelyThese two samples were
considered as single culture fermentation. Forciabined cultures fermentation,
5% of each starter cultur&jirgibacillus sp. SK37 andrl. halophilus MS33, was
added to anchovy containing 25% salt. This wasuttaie inoculation and referred
to as “MS33+SK37”. For the sequential inoculatiéf of Virgibacillus sp. SK37
was inoculated to salted anchovy, and fermentaties allowed to proceed for 1
month before addition of 5% df. halophilus MS33 inoculum, and was denoted as
“SK37_1M+MS33”. All samples contained comparablems of inoculum of 16
10° CFU/mL and incubated at 35 °C for 180 days. Towrol was added with 10%
of fish broth without starter cultures. Chemicablgses and bacterial enumeration
by gPCR and plate count techniques were perforrh@d 30, 60, 90, 120, 150 and

180 days.
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4.3.3 Monitoring of starter culturesduring fermentation
4.3.3.1gPCR

At each time interval, fish sauceQ30L) was transferred to a
1.5-mL microcentrifuge tube. Samples were washdadetwith 1xPBS and pellets
were collected. PMA was added to a final conceiommaof 100 pM. The samples
were incubated in dark for 20 min with shaking @ 6pm and were then put on ice
under light (500 W) for 5 min with 20 cm distan&uibsequently, the samples were
centrifuged at 10,000xg for 10 min and pellets wenkected. Internal control (IC)
of each probe was constructed by cloning artifidi@gments as described by
Udomsil et al. (2015) and added to all samples@g £ 1d CFU/sample prior to cell
lysis. The DNA was extracted using the DNeasy @&skit (QIAGEN, Toronto,
Ontario, Canada) according to the manufactureraxquture. Extraction of DNA
from each subsampling was carried out in duplicate.

The forward and reverse primer&iofibacillus sp. SK37 were
5’-GGATCGGCGCTAGAAAAACA-3' and GCTGAGGATTTGCCTCAAGCwhile the
forward and reverse primers ofT. halophilus MS33 were 5'-
GGTCAAGGGTTTCTCGAAGGT-3 and 5AATCAACACCAACCGAGAATCC-3,
respectively.The developed probef Virgibacillus sp. SK37, Virl086was FAM-
ACTATCTGGCACTTCGAT-BHQZ1 while that of for T. halophilus MS33, Tet48,
was FAM-TTGAGCGATCAAAGCCCTTCGAACA-BHQL. The probe were
designed using Primer Express® 3.0 software (Léehhologies, Foster City, CA,
USA) as described in details by Udomsil et al. 0TThe gPCR reaction of each
sample and each probe was performed in duplicagative and positive control of

gPCR were carried out using master mix without DiMMplate and with DNA



132

template extracted from pure culture, respectivBtgndard curves were constructed
in duplicate of spiked samples using uninoculatégsh fsauce added with
Virgibacillus sp. SK37 off. halophilus MS33 and was run duplicate for g°PCR assay.
The reaction contains 10 pL of 1x iTaq Universablier Supermix (Bio-Rad
Laboratories, Mississauga, ON, Canada), 500 nMasherimer, and 300 nM of
each probe. Each reaction was added 3 pL of genbh# The amplification were
run under the reaction condition: 95 °C for 3 niiallowed by 40 cycles of 95 °C for
30 s and then 60 °C for 30 s using a 7500 Fast-Rew PCR system (Life
Technologies, Foster city, CA, USA). Quantificatioyctle (G) values were assigned
automatically using 7500 software V2.0.1 (Life Teclogies, Foster city, CA,
USA). Delta G (ACy) between ¢ of the samples and,©f internal control (IC) was
used to normalize data for bacterial quantificatibhe IC cells were added into all
samples as described in 4.3.3.1.
4.3.3.2 Plate count
Fish sauce mash (25 g) was added 2@8 mL of 0.85% NacCl.
Virgibacillus sp. SK37 was counted on the modified JCM 168 ¢oimtig 10% NacCl
(JCM10). MRS gar containing 5 %NaCl (MRS5) and 0.6%CQ was used foif.
halophilus MS33 enumeration. Total halophilic bacteria waramerated using PCA
containing 10% NaCl (PCA10). The JCM10 and PCAlQ@ewiacubated at 38C
under aerobic condition for 3-5 days, while MRS5swacubated at 38C under
anaerobic condition for 3-5 days.
4.3.4 a-Amino acid content
Liquid samples (10QuL) obtained from various time intervals were

determined fom-amino content based on trinitrobenzenesulfonid &ENBS) using
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L-leucine as a standard (Udomsil, Rodtong, Choi,, lna Yongsawatdigul, 2011).
Absorbance was measured at 420 nm using a spectoypéter (SmartSpecTM
Plus, Bio-Rad Laboratories, Hercules, CA, U.S.A.).
4.3.5 Biogenic amine content
Biogenic amine content of fish sauce saspérmented for 6 months
was analyzed according to Yongsawatdigul, Udompanad Choi (2004). Briefly,
100l of fish sauce sample were derivatized using datctdgride. Biogenic amines
were separated using HPLC (Agilent 1260 Infinityiess Agilent Technologies Inc.,
Santa Clara, CA, U.S.A.) equipped with a HypeB&lIS column Gg (3 um, 100 x 4
mm, Agilent Technologies Inc., Palo Alto, CA, U.S.Avith solvent A (acetonitrile:
0.02 M acetic acid, 1: 9) and solvent B (0.02 M tacacid: acetonitrile: and
methanol, 1:4.5:4.5) at a flow rate of 1 ml/min.eTholvent B (50%) was run
isocratically for 5 min. Subsequently, the gradiehttion was started and ended at
90% solvent B in 25 min. The column was equilibdatath 50% solvent B for 10
min before the next injection. Multi-wavelength elebr was set at 254 nm and 550
nm as a reference wavelength.
4.3.6 Amino acid profiles

Total and free amino acid profiles of fish saucemglas were
determined as described by Udomsil et al. (201dy).tétal amino acid profile, 2 mL
of diluted 6 month-old fish sauce was added 2 il M HCI containing 1%
phenol and hydrolyzed at 1XC for 24 h using an autoclave. Subsequently, acid
was evaporated and the precipitates were dissolvel@ionized water and filtered
through a 0.22tm membrane. Total amino acids were measured by camad

analyzer (Biochrom 30, Pharmacia-BioteBhckinghamshire, UK).
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Performic acid oxidation with acid hydrolysiedium metabisulfite
method was used for methionine and cysteine detation. The protocol was
slightly modified method from AOAC (2000). Briefly2 mL of diluted fish sauce
(1:10) were placed on ice bath for 15 min. Subsetye5 mL of cold performic
solution (2 mg of phenol, 0.5 mL of 30%®, and 4.5 mL of 88 %formic acid) was
added into sample tubes. The solution was stiroedl® min at room temperature
and was then left in 4 °C for 16 h. After that theamples were added 0.84 g of
sodium matabisulfite and stirred for 15 min. Th&mmL of 12 N HCI mixed with 1
%phenol were added in all sample tubes. All tubesevautoclaved at 110 °C for 24
h. Subsequently, the samples were dried on hehtitly and were then added with
20 mL of deionized water. The samples were filtdtedugh a 0.224m membrane
before injection.

Tryptophan was determined after alkaline biydis using modified
protocol from AOAC (2006). Two mL of diluted fiskauce (1:10) was added with
10 mL of 4.2 M NaOH and 3 drops of 1-octanol. Themples were frozen
immediately in liquid nitrogen. Subsequently, tlamples were flooded by Nnd
melted in water at room temperature. The samples twadrolyzed at 110 °C for 20
h. After hydrolysis, the samples were added witm3 of sodium citrate buffer
solution (pH 4.25). Neutralize the samples with 86 of HCI and adjusted pH to
4.25 + 0.05. Then, the samples were transferrem 26-mL volumetric flask and
adjusted volume by deionized water. Subsequenflyyd of the samples were
centrifuged at 1,150 xg for 20 min and collectegesnatant. The samples were then
filtered through a filter paper (WhatM&iNo. 1), and centrifuged at 23,000 xg for 10

min. Tryptophan was measured by amino acid analyzer
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For free amino acid profiles, 100 mg of 5'-sulfosgic acid (SSA) was
added into 2 mL of fish sauce samples diluted d@si with deionized water, left at
room temperature for 1 h and centrifuged at 13@0f@r 10 min (Tungkawachara et
al., 2003). The supernatant was collected for &m@o acid analysis. Amino acids
content was measured using an amino acid analyzgmum and sodium buffer was
used for determination of free amino acid and tataino acid, respectivelyour
lithium buffers with various pHs were used in thigperiment: Li-1 buffer (pH 2.8),
Li-2 buffer (pH 3.0), Li-3 buffer (pH 3.15), and i buffer (pH 3.50). For sodium
buffers with various pHs were Na-1 buffer (pH 2,68p-2 buffer (pH 3.2), Na-3
buffer (pH 3.35), Na-4 buffer (pH 4.25), Na-5 buf(pH 6.45), and Na-6 buffer (pH
8.6. Norleucine was used as internal standard at 256l pMfinal concentration.
Spectrophotometric detection was set at 440 nnb&@0dhm. The amounts of amino
acids were calculated as mg/ 100 ml of fish sauce.

4.3.7 Volatile compounds

Fish sauce samples fermented for 6 montre analyzed for volatile
compounds by SPME-GC-MS. Fish sauce (2 mL) wasdedth cyclohexanol as
an internal standard to contain final concentratbtdnl mg/L. The samples were
filled in a 20-mL vial and sealed with septum inaaminum cap. The samples were
heatedat 50 °C in a heating blod&r 30 minto obtain equilibrium headspace. Volatile
compounds in the headspace were absorbed by asg-@RME fiber (1 cm-50/ 30
um StableFlex Divinyl-benzene/Carboxen/PDMS, SupeBmiefonte PA, U.S.A)).
The fiber was introduced into the injection port gs chromatography-mass
spectrometry (GC-MS, Varian Inc., Walnut Creek, GAS.A.) and were then

desorbed at 258 for 3 min The desorbed volatile compounds were separaiad us



136

GC-MS equipped with a quadrupole mass detector amapillary column (DB-
WAX, 60 m x 0.25 mm x 0.2pm Agilent Technologies, Redwood, CA, U.S.A.) as
described by Udomsil et al. (2010). Mass spectreevamalyzed using the database
of National Institute Standard and Technology (NISThe relative amount of
volatile compounds was calculated from peak arkdive to the internal standard.
4.3.8 Physico-chemical properties

The 6-month-old fish sauce sl®mpvere analyzed for total nitrogen
and salt content (AOAC, 2000). The color of fishu@a samples were measured
spectrophotometrically. The sample was diluted wlighonized water at a ratio 1:4
and absorbance was determined at 450 nm (SmartBpeElus, Bio-Rad
Laboratories, Hercules, CA, U.S.A.). The pH was snead using a pH meter
(Mettler-Toledo MP220, Schwerzenbach, Switzerland).

4.3.9 Preference test

The 6-month-old fish sauce samples weraluated by trained
panelists. The panel consisted of 10 expert indaigl from fish sauce industry. Ten
mL of samples contained in a 15-mL glass cup witphraximately 2-cm headspace
was served to each panelist. Before sensory evatathe sample cups were
covered with lids and left at room temperature (apimnately 28°C) for 30 min.
The panelists were asked to give acceptance stmrdsattributes: color, odor, taste
and overall acceptance, using the 7-point hedarates The panelists compared odor
by opening the lid of the cup and sniffing. Tastef@rences were assessed by tasting
approximately 0.5 mL of fish sauce samples usingastic spoon. The panelists
were asked to use drinking water and plain craéderinsing their mouth before

tasting the next sample.
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4.3.10 Statistical analysis
The fermentation was prepared indepehdemm triplicate. All
chemical experiments were analyzed in duplicatée Jamples from each of 1-6
months of fermentation were extracted in duplicate were run in duplicate for
gPCR reaction. Statistical analysis was evaluatedampletely Randomized Design
(CRD) with Statistical Analysis System (SAS) (SA®tl Inc., Cary, NC, U.S.A)).
Means comparison by Duncan’s Multiple Range TesMRD) were used to

determine differences between meaPR &t0.05.

4.4 Results and discussion

4.4.1 Changes of starter culture during fermentation

Based on the developed gPCRoakVirgibacillus sp. SK37 detected
by Virl086 probe of SK37_1M+MS33 and MS33+SK37 wWa4-4.8 LogCells/mL
after 1 month fermentation (Figure 4.1a). PoputatéVirgibacillus sp. SK37 in the
SK37 sample was 3.87 LogCells/mL. Growthvfgibacillus sp. SK37 in fish sauce
added with combined culture (SK37_1M+MS33 and MS&837) was higher than
that of fish sauce added onlirgibacillus sp. SK37 (SK37)R < 0.05). The result
indicated that adding of combined cultures imprsuevival rate otVirgibacillus sp.
SK37. No gPCR readings were obtained from the M&33ple and the control
(Figure 4.1a), indicating that these samples coathino V. halodenitrificans
microflora or they were present in lower than limftquantification (LOQ) of 19
Cells/mL (Udomsil et al., 2015). After 1 month arinentation,Virgibacillus sp.
SK37 gradually decreased to 1.5 LogCells/mL at #89 in all samples (Figure

4.1a). Population d¥irgibacillus sp. SK37 in SK37_1M+MS33 at 120 and 150 days
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was higher than MS33+SK37 and MS33 treatménk (0.05). The results implied

that fish sauce added with SK37_1M+MS33,halophilus MS33 might stimulate

the growth ofVirgibacillus sp. SK37.
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Figure 4.1 Changes olirgibacillus sp. SK37 (a) and. halophilus MS33 (b)
inoculated to anchovy fermentation for 180 day8®afC by qPCR

using Virl086 and Tet48 probe, respectively.

Population ofT. halophilus MS33 detected by Tet48 probe Tnhalophilus

MS33 inoculated samples was 3.5-4.0 LogCells/mL3@at days and slightly

decreased to 0.5-1.0 LogCells/mL at 180 days (Eigutb). Fish sauce added with

Virgibacillus sp. SK37 (the SK37) and the control did not show signal of gPCR

by Tet48 probe, indicating the control and the Sk&mple did not havd.

hal ophilus microflora or T.halophilus in these samples might be lower than LOQ of
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2 LogCells/mL. These results confirmed that alsdidated that confirmed that no
cross-reaction between these 2 probes. Survivalofafirgibacillus sp. SK37 and.
halophilus MS33 detected by gPCR with Virl086 and Tet48 pnohs not different
(Figure 4.1a, b). Based on gPCR results, populatibd. halophilus MS33 of
MS33+SK37 and SK37_1M+MS33 at 120 and 150 daysmwhéntation was higher
than that of fish sauce inoculated with the sirmliure, MS33 P < 0.05). It should
be noted that survival rate @t halophilus MS33 in fish sauce inoculated with
SK37_1M+MS33 and MS33+SK37 was not differddt0.05, Figure 4.1b).
Halophilic bacterial plate count (Figure 4.2a) of€MILO agar of
SK37_1M+MS33, MS33+SK37, and SK37 was 6 LogCFU/mltha initial day (O
day), implying the initial count d¥irgibacillus sp. SK37 (Figure 4.2a). At 30 and 60
days of fermentation, counts of SK37_1M+MS33 and3BHSK37 decreased to 4
LogCFU/mL and of SK37 decreased to 3 LogCFU/mL.SEneesults were similar to
the gPCR results?(> 0.05, Figure 4.1 a). At 90 days, the count 6GM10 agar of
MS33+SK37 and SK37 sample was 1-2 LogCFU/mL. Theselts were quite lower
than those obtained from the qPCR, which were tedaio be 3.5-4 LogCells/mL
(Figure 4.1a). Similar to the result of 120-180 slay fermentation, the conventional
plate count of these 3 samples was 1-2 LogCFU/mletahan results obtained the
gPCR (Figure 4.1a). The results implied that it ldole possible that inoculated
Virgibacillus sp. SK37 may undergo viable but non culturable N\\(B state at the
extended fermentation time. VBNC is one of the rhotpgical adaptations of
bacteria when they are under extreme environmesiigh as high or low
temperature, nutrient starvation, oxygen availghiland sharp changes in osmotic

stress, pH, or salinity (Frankenhuyzen et al., 2013
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In addition, the control showed the count approxétyal.0-4.0 LogCFU/mL
on JCM10 agar (Figure 4.2a) throughout the ferntemaThese were unlikely to be
Virgibacillus sp. SK37 due to negative result of q°PCR deteatitim VVir1086 probe
(Figure 4.1a). These results confirmed that theuceHdependent techniqgbased on
selective medium is not always specific for thetwa of interest, leading to
inaccurate quantification. Based on the fish saommlel, the developed qPCR
offered more accurate detection and quantificatdnVirgibacillus sp. SK37.1t
should be noted that MS33 showed count on JCM1Q agaroximately 5.8
LogCFU/mL at the initial and decreased to 1.0 Log@#RL at 180 days of
fermentation (Figure 4.2a), suggesting thahalophilus MS33 could also grow on
JCM10 agar. From the result, colonies appearancgCdl0 agar was very small,
indicatingT. halophilus MS33 did not grow well on JCM10 agar. Since JCNg@ar
plates were incubated under aerobic conditibnhalophilus was microaerophilic
bacteria, it needs oxygen to survive, but requé&asironments containing lower
level of oxygen than are present in the atmosp(@heistensen, Dudley, Pederson,
and Steele, 1999). Therefore, it could grow on agaer aerobic condition. Leisner
et al. (2001) reported that bacteria isolated fraid-fermented condiment
(tempoyak) using plat count agar (PCA) were LABIdb@s of LAB on PCA were
small, catalase negative, grey or white, and ablgrow under aerobic condition.
Furthermore, Udomsil (2008) found that bacteridonges from fish sauce added
with T. halophilus MS33 grown on JCM 168 medium were likely to be the
halophilus due to its growth under anaerobic condition afeestreaked on MRS
agar. Moreover, it was catalase negative, Granmtigesiocci with pairs/tetrads cell

arrangement.
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Figure 4.2 Changes of halophilic bacteria on modified JCM Ié#itaining 10%
NaCl (a), lactic acid bacteria on MRS containifg BlaCl and added
0.5% CaCQ (b), total halophilic bacteria on PCA containir@d NaCl
(c), and of fish sauce inoculated with starteral$ and fermented at
35 °C for 6 months.

For enumeration of. halophilus MS33 based on MRS5 agar, MS33 and
SK37+MS33 contained the initial count approximatlyogCFU/mL (Figure 4.2b).
SK37_1M+MS33, SK37 and the control showed theahitiount approximately 4

LogCFU/mL, despite of no inoculation @t halophilus MS33 in these samples at
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day 0 and these samples were only inoculated Wittjbacillus sp. SK37. Colonies
grown on MRS5 agar were likely to Mergibacillus sp. SK37 becausérgibacillus
sp. SK37 was facultative anaerobe, it can grow wuralrobic and anaerobic
condition (Nawong, 2006). These results were cordd by gPCR based on Virl086
probe shown in positive signal in SK37_1M+MS33 &K37 sample. For the
control, qPCR results of both Virl086 and Tet48ogravere negative throughout the
fermentation process. Indicating that colonies apge on all media was n&t
halodenitrificans and T. halophilus. Population ofT. halophilus MS33 detected by
plate was lower than gPCHR < 0.05). Therefore, bacterial quantification cghfi
sauce fermentation was underestimated based amesalependent technique.
Based on the gPCR results, sequential inoculatSK37_1M+MS33)
showed higher counts of boWirgibacillus sp. SK37 andrl. halophilus MS33 as
compared to single culture inoculation at lategstaf fermentation (120-180 days,
Figure 4.1a,b). The gPCR readings of both probeseguential inoculation
(SK37_1M+MS33) were approximately 1 LogCells/mL lreg than those of plate
count at 120-150 days. This could be attributedBONC state of both/irgibacillus
sp. SK37 and’. halophilus MS33. A bacterium in the VBNC state is considered as
metabolically active, but incapable of cellularféientiation on a medium (Oliver,
1993). The physiological significance of the VBNfats is still unclear. It could be
an adaptive response of long-term survival undeeis# conditions (Oliver, 2010).
Total halophilic bacteria of fermentation were emuwated on PCA
containing 10 %NaCl (Figure 4.2c). The SK37_1M+MS883ved total halophilic
count higher than that of fish sauce samples iratedlwith single culture (SK37 and

MS33) at 30-60 days (Figure 4.2c). Similarly, h&litip population on JCM10 agar



143

of fish sauce samples inoculated with SK37_1M+MS$&8& higher than that of
single culture counterpart at 30-120 days (Figur2ay} In addition, sequential
inoculation, SK37_1M+MS33, showed the highest th&dbphilic bacterial counts at
150 days and thereafter as compared to othersré~iy@c). Moreover, halophilic
LAB count of fish sauce inoculated SK37_1M+MS33ngsMRS5 agar showed the
highest population at 90 days and thereaffer<(0.05, Figure 4.2b). Probably,
Virgibacillus sp. SK37 hydrolyzed fish protein to oligopeptidesall peptides
serving as substrates fdar halophilus MS33 growth. The interactions of mixed
cultures in food fermentation have been report@diring mutualism, both
participating microorganisms derive a benefit frone interaction. Mutualism is
defined as positive benefit of the interactionsieen individuals of different species
(Hugenholtz, 1986). Many food fermentations rely omwtualistic interactions.
Mutualism interaction of Sreptococcus salivarius subsp. thermophiles and
Lactobacillus delbrueckii subsp.bulgaricus in yogurt fermentation is well-known
relationship (Sieuwerts et al., 2008). Severabtohain fatty acids are stimulatory
to L. delbrueckii subspbulgaricus but itlacks part of the biosynthetic machinery for
long-chain fatty acids. Therefores thermophilus is also able to supplyL.
delbrueckii subsp bulgaricus with long-chain fatty acids (Partanen et al., 2001)

In commensalism interaction of proteolytic positigtrain of L. lactis
stimulated growth of negative proteolytic straincimeese by supplying of peptides
and amino acids to support growth of the lattemi¢(Band Lacroix, 2013).. lactis
strains produced extracellular proteases (PrtR)img to peptides released from
milk protein, therL. lactis strains without protease activity benefit from peptides

while the protease positivetrains did not seem to be directly affected (acdllet al.,
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1997). Interaction of LAB and propionic acid ba@giPAB) in Swiss-type cheese is
another possible form of commensalism. Additiomatabolites of LAB and PAB
might support synergistic growth effects of eacheot(Van Hijum, Vaughan, and
Vogel, 2013). Synergistic interactions on growthcombined cultures inoculation,
Virgibacillus sp. SK37 and. halophilus MS33 fermentation might occur during fish
sauce fermentation. Further studies of such interscare needed.
4.4.2 Biogenic amine content

Histamine was predominant biogenic reamin all samples (Table
4.1). Histamine content of fish sauce inoculatethwirgibacillus sp. SK37 (SK37)
and sequential culture (SK37_1M+MS33) was lowenftthe control (P < 0.05). The
Table 4.1 Biogenic amines (mg/100mL) of fish sauce samplepared by single or

combined cultures inoculation.

Biogenic K37 M S33 M S33+ SK37_IM+

amine SK37 M S33 Control

Putrescine ND ND 0.95 + 0.02a ND ND
Cadaverine 0.48 +0.08b 0.17 +£0.03c 1.48 +©.110.36 = 0.09bc 1.59 +0.22a
Histamine 3.11 £0.24b 3.55 +0.62ab 3.57 QW5 2.85 +0.15b 4,22 +1.26a

Tyramine ND ND ND ND 243 +£0.43a
Different letters within a row indicate significatifferences P < 0.05).

ND = Not Detected.

Fish sauce inoculated with single cultuMdygibacillus sp. SK37 (SK37) ofT.
halophilus MS33 (MS33); co-cultures (MS33+SK37) or sequentalcultures
(SK37_1M+MS33) and the control without starter orés.

control contained the highest histamine, cadaveand tyramine R < 0.05).
Tyramine was found in anchovy fish sauce in a ramigd3.7 to 73.9 mg/100 mL
(Kirschbaum, Rebscher, anddkner, 2000). Tyramine content of this study was

very low and was only detected in the control. &asti al. (2009) reported that
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tyramine was occasionally found in some samplesveasl very low amount. Low
level of cadaverine and tyramine indicating fregsnquality of raw material used
(Yongsawatdigul et al., 2007). Putrescine was dalynd in fish sauce inoculated
with co-cultures (MS33+SK37). LAB especially lactaidli and staphylococci were
able to produce putrescine and cadaverine (Kim, BahHwang, 2009). Putrescine
was converted from ornithine by ornithine decarbdasg activity. Low level of
putrescine in MS33+SK37 indicated that bacterialpoing ornithine decarboxylase
was probably low population. Yongsawatdigul et @007) and Udomsil et al.
(2011) reported that putrescine of fish sauce asd#édVirgibacillus sp. SK37 oiT.
halophilus MS33 was not detected, indicating that these bactkd not produce
putrescine. However, putrescine presented in MSB3¥Snight be produced from
other microflorabacteria.

The SK37_1M+MS33 showed the low amount of histangsind cadaverine
content (Table 4.1P < 0.05). Our study indicated that addition of MSS&37, and
MS33+SK37 in fish sauce did not increase cadaveame histamine in fish sauce
fermentation. Histamine was considered low condeiat did not exceed international
standard.

T. halophilus MS33 inoculated in fish sauce did not increasd¢amme
content (Table 4.1). Similar to previous report,0oil et al. (2011) showed that
histamine accumulation @t halophilus MS33 inoculated fish sauce was comparable
to the control sampld.. halophilus has been reported as histamine producer, such as
T. halophilus strain H isolated from fish sauce was predomiméstamine producing
bacteria during fish sauce fermentation (Satonail.€t2008). This strain contains 30

kbp plasmid (pHDC) encoding a single copy of theupgyl dependent histidine
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decarboxylase gendndc). However, gene characterization Bf halophilus MS33
has not been investigated.

The US Food and Drug Administration established rireximum limit of
histamine in fishery products to be 50 mg/kg (FO2911), while the European
regulation set the limit of 100-200 mg/kg (Europ&ammmission, 2005)According
the Canadian Food Inspection Agency (CFIA), theimarn allowable histamine in fish
sauce is 20 mg/100 g (CFIA 20033l samples contained histamine lower than
international standards and the sequential indoulaesulted in the lowest biogenic
amines in the finished product (Table 4.1). Moonakt(2013) reported thds.
licheniformis isolated from fermented fish product, anchovy sawnd sand lance
sauce, showed the presencédd gene in chromosome and produced 15-22 mg/L of
histamine in decarboxylating broth containing 0.Bistidine. Lysine decarboxylase
gene ¢adA) was detected invirgibacillus sp. SK37 genome, however histidine
decarboxylase h@c), tyrosine decarboxlyase, and aromatiamino acid
decarboxylasedfic) were not detected (Phrommao, 201@)plying, Virgibacillus
sp. SK37 was not histamine producing bacteria.

4.4.3 a-Amino content
a-Amino contents of all inoculated samples at 3Q/sdavere
approximately 644-656 mM and comparable to thathefcontrol (Table 4.22 >
0.05). Howeverg-amino content of inoculated samples graduallygased after 30
days. The MS33 showed the highestmino content at 60 day® & 0.05). When
the fermentation progressed to 180 dayamino content of all inoculated samples
was higher than that of the contrd® & 0.05). a-Amino content of fish sauce

inoculated with combined cultures (MS33+SK37 an@BBKLM+MS33) appeared to
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Table 4.2 Changes ofi-amino content of fish sauce samples produced riylesior

combined cultures inoculation.

Fermentation
time a-Amino content (mM)*
(day) SK37 MS33 M S33+SK 37 SK37 1IM+M S33 Control
30 644.02 +37.C 648.08 +39.4 656.20 £ 27.9 645.37 £45.5 580.55+5.1
60 733.11 +10.81ab 779.08 + 36.25a 724.32 +28.30a743.42 + 47.99ab 663.50 + 21.75b
90 920.83 £5.89 1004.58 + 10.02¢ 1058.76 + 15.89 957.08 + 52.44k 911.25 + 26.51
12C 1096.18 +26.41al 1160.85 + 18.8¢ 1144.01 £ 53.9¢ 1143.77 £50.11 998.52 + 20.29
150 1015.18 + 15.86 1007.57 +1.64 1153.17 +£52.041047.31 + 36.35 1003.45 + 47.87
180 1085.85 + 7.99b 1141.36 + 38.89ab 1160.413920. 1185.71+11.80a 1008.29 + 33.07c

" Different letters indicate significant differenceihin a row @ < 0.05).
Abbreviations are the same as Table 4.1.
be the highest R < 0.05). The combined inoculation resulted in thighest
proteolytic degradation of fish proteind/irgibacillus sp. SK37 might improve the
uptake and the consequent consumption of some aagids by T. halophilus
MS33, resulting in a synergistic mechanism of anacls use. Since increasing of
a-amino content appeared to correlate with micropggdulation. Ciani and Comitini
(2015) reported that mixed yeast species in winedatation improved amino acid
consumption ofSaccharomyces cerevisae and supported its growth. Although
bacterial count of all inoculated samples graduadiglined and reached the lowest at
180 days (Figures 4.2p-amino content continually increased until the enfd
fermentation, implying that released proteinasavigtfrom the cells was still
remained.
4.4.4 Total and freeamino acid profiles
The contents of total aspartic acidtayhic acid, isoleucine, tyrosine,

and arginine of SK37_1M+MS33 were higher than thokée control P < 0.05,
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Table 4.3). Glutamic acid was important, contribgtio meaty flavor and umami
taste. Phenylalanine and tyrosine have also begorteel as umami-related
components (Lioe, Wada, Aoki, and Yasuda, 2007enRlalanine of all samples
was comparableP(> 0.05).However, MS33, MS33+SK37, and SK37_1M+MS33
showed higher tyrosine content than the contPok (0.05). It should be noted that
leucine and arginine of MS33 and SK37_1M+MS33 waghdr than that of the
control P < 0.05) and the sum of total amino acids of MSB88 8K37_1M+MS33
were the highesH(< 0.05), except fish sauce added with SK37 didmoeasel >
0.05).

Table 4.3 Total amino acid content of fish sauce samplesutaded with single or

combined cultures ofirgibacillus sp. SK37 and. halophilus MS33.

Total amino
acid SK 37 M S33 MS33+SK37 SK37 1M  Controal
(mg/100ml) +M S33

Aspartic acid 1376.67b  1461.38a 830.53c 1461.13a 739.79d

Threonine 639.02d 698.90c 1121.65a 695.74c 782.43b
Serine 543.53c 617.59b 758.49a 612.08b 395.07d
Glutamic acid  2051.41a 2178.82a 1656.45b 2153.68a 1779.05b
Proline 540.03b 640.44a 531.99b 585.15ab 572.85b
Glycine 728.53ab 775.95a 640.64b 721.18ab 748.03a
Alanine 978.78 1041.47 1107.76 970.04 1037.39
Valine 786.16 840.39 778.31 779.64 879.21
Methionine 529.66 528.36 520.75 525.21 544.53
Isoleucine 465.58a 500.93a 464.62a 459.83a 374.81b
Leucine 541.29ab 574.06a 520.70ab 530.26ab 467.78b
Tyrosine 84.36b 102.86a 94.38ab 101.56a 85.08b
Phenylalanine 428.40 467.41 406.17 442.13 452.08
Histidine 656.35 694.28 667.22 676.75 714.95
Lysine 1375.37c 1542.50bc 1441.26bc  1554.24bc  1664.23a
Arginine 346.54c 345.60c 374.90bc 474.67a 427.23ab
Tryptophan 72.81 82.32 90.79 85.87 90.58
Total 12480.41b 13420.05a 12433.73b  13263.72a 12065.27b

Different letters within a row indicate significatlifferences (P < 0.05).
Abbreviations are the same as described in Talle 4.
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These results suggested that inoculationTothalophilus MS33 and the
sequential inoculation (SK37_1M+MS33) increasedltamino acid content to the
greatest extent. These results correspondedgtamino acids content. Addition of
Virgibacillus sp. SK37 might produce small peptides by its pnates. These small
peptides might serve as nitrogen sourceltdialophilus MS33 for their growth and
produced amino acids and oligopeptides. The redulibtal amino acid content
corresponded to qPCR quantification, survival rateT. halophilus MS33 in
MS33+SK37 and SK37_1M+MS33 detected by Tet48 prab&s higher that fish
sauce added with single culture (Figure 4.1b).

For free amino acid profile, all samples contais&dilar contents of free
amino acids except free glutamic acid of all startailture-inoculated fish sauce was
higher than the controP(< 0.05, Table 4.4). Glutamic acid provides the onniaste
through a synergistic effect with 5’-nucleotideddomsil et al. (2011) reported that
fish sauce inoculated with. halophilus MS33 increased total of free glutamic acid
and also increased of total leucine and phenyladéaim fish sauceT. halophilus
MS33 has been reported to produce intracellalainopeptidases activity toward
glutamic acid, alanine, methionine, leucine, lysiaad arginine, resulting in
increasing of free amino acids and small peptid&dtees in fish sauce (Udomsil et
al., 2010). The sum of total amino acids was lotlian the sum of free amino acids,
suggesting that amino acids in inoculated fish saaxisted in the form of free amino
acids rather than peptides, which was importantHertaste of fish sauce (Table 4.3
and 4.4) Furthermore, amino acids might be destroyed dusargple analysis with

high concentration acid and temperature.
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Table 4.4 Free amino acid content of inoculated fish sauck single and combined

culture starter fermented at 3566 months.

Freeamino
acid SK 37 MS33 MS33+SK37 SK37_ 1M Control

(mg/100ml) +M S33
Aspatrtic acid 892.19 893.73 910.82 896.75 933.24
Threonine 996.45 1004.17 1016.43 998.22 1028.77
Serine 808.22 818.70 819.81 816.93 843.93
Glutamic acid  1937.12a 1943.07a 1960.89a 1942.12a 1805.22b
Proline 650.36 651.39 680.25 642.60 702.90
Glycine 499.00 486.79 498.18 491.41 504.92
Alanine 920.64 915.64 921.52 912.23 920.23
Valine 1272.80 1257.95 1271.84 1249.42  1291.85
Methionine 310.41 294.19 263.21 275.10 245.25
Isoleucine 778.09 795.06 802.28 789.93 815.78
Leucine 745.17 758.60 756.40 751.96 760.41
Tyrosine 202.08 214.18 214.22 219.90 213.73
Phenylalanine 795.13 819.49 824.20 807.41 846.09
Histidine 793.25 808.41 814.61 808.70 834.25
Lysine 1231.90 1240.54 1248.70 1249.15 1256.02
Arginine 204.04 205.93 216.64 227.27 204.04
Total 13036.85 13107.85 13219.98 13079.09 13206.62

Amino

derivative
Cysteine 71.35b 66.99b 70.59b 67.34b 82.73a
Ammonia 648.16 649.09 655.60 642.79 657.66
Taurine 242.43 257.65 255.84 248.94 263.97
Hydroxyproline  50.76a 31.15b 33.46b 32.18b 45.85ab
Ornithine 581.82a 596.32a 592.74a 517.06b  595.75a
Citrulline 749.79b  745.93b 760.18b 849.73a 821.70ab
Total 2344.31 2347.14 2368.42 2358.05 2467.65

Different letters within a row indicate significagifferences (P < 0.05).
Abbreviations are the same as Table 4.1.

Free amino contents of aspartic acid, alaninepothine, valine, isoleucine,
leucine, and lysine were comparable to the cor{fPob 0.05, Table 4.4). Branch-

chain amino acids (isoleucine, leucine, and valiaeg precusors for volatile
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compounds in fish sauce e.g. aldehydes (3-methaiialit 2-methylbutanal, and 2-
methylpropanal) via amino acid catabolism pathwhparteria (Smit, Engels, and
Smit, 2009). Amino acids are important taste cbotor in food e.g. lysine and
proline are sweet taste with bitter after tastelelscine, leucine, arginine, cysteine,
methionine, phenylalanine, tryptophane and hiséidoontributed to bitter taste
(Shallenberger, 1993)However, free amino acids and the sum of free arasids
of fish sauce inoculated with starter culturesmt show significant difference from
the control sample, except, glutamic acid was eed in all inoculated fish sauce
(Table 4.4).These results indicated that inoculation of siragid combined cultures
treatment could increase glutamic acids. Amino wdives found in samples
included cysteine, hydroxyproline, ornithine, andrudine. Correspondingly,
Udomsil et al. (2011) reported that ammonia, oinghand citrulline were major
amino derivatives in fish sauce addechalophilus MS33. These amino derivatives
content were not higher than the control. Ammowiaithine and citrulline were
product of arginine degradation by arginine deirség@athway (ADI) which was
commonly found in bacteria (Arena, Saguir, and Made Nadra, 2001; Quintero,
Muro-Pastor, Herrero, Flores, 2000).

4.4.5 Volatile compounds
Five major groups of volatdlempounds, including aldehyde, ketone,

alcohol, sulfur-containing, and nitrogen-containiogmpounds were found in fish
sauce samples (Table 4.5). Propanal and 2-metiaylli content of fish sauce
prepared from sequential inoculation was highBst 0.05). Inoculation with single
T. halophilus (MS33) and the sequential culture inoculation (B3KB+MS33)

resulted in higher 2-methylpropanal, 3-methylbata and 3-(methylthio)propanal
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Table 4.5 Volatile compounds of fish sauce inoculated witigke and combined

cultures and fermented for 6 menth

Relative peak area*

SK37_1M
RI** Volatile compounds SK37 MS33 MS33+SK37 +M S33 Control
Aldehyde
841  Propanal 0.068b 0.041b 0.048b 0.110a 0.021c
851  2-Methylpropanal 0.465a 0.509a 0.495a 0.669a  3280.
904  2-Methylbutanal 0.004c 0.018b 0.012b 0.059a 11h0
908  3-Methylbutanal 0.004c 0.021a 0.013b 0.024a 1100
1463 Benzaldehyde 0.012c 0.284a 0.018c 0.056b 0.836
1597 3-(Methylthio)propanal  0.006c  0.100a 0.039%b 128a 0.040b
Ketone
853  Acetone 0.066b  0.081b 0.081b 0.100a 0.136a
897  2-Butanone 0.011b 0.014b 0.006¢ 0.075a 0.050a
954  2-Pentanone 0.005b  0.006b 0.026a 0.014a 0.003b
890 Ethyl Acetate 0.005b  0.007b 0.020a 0.007b 0.820
Alcohol
938  Ethanol 0.005b  0.008b 0.028a 0.008b 0.004b
1119 1-Butanol 0.003b  0.008b 0.069a 0.043a 0.008b
1131 1-Penten-3-ol 0.009c  0.048b 0.029b 0.171a 0602
1168 3-Methyl-1-butanol 0.005b 0.023a 0.011a 0.011a 0.004b
1200 1-Pentanol 0.011d 0.066b 0.167a 0.079b 0.042hd
1265 (E)-2-Penten-1-ol 0.004b  0.056a 0.018b 0.050a 0.058a
1270  (2)-2-Penten-1-ol 0.030b  0.020b 0.003c 0.083a 0.067a
Sulfur-containing
compound
1036 Dimethyl disulfide 0.025b 0.014b 0.006¢c 0.011b 0.078a
1324  Dimethyl trisulfide 0.005 0.004 0.007 0.005 01m
Nitrogen-containing compound
1215 Methylpyrazine 0.020b 0.056a 0.022b 0.051a 013b
1281 2,6-Dimethylpyrazine 0.004c 0.067a 0.031b @208 0.020b

*Different letters within a row indicate significadifferences (P < 0.05).
**RlI, retention indices.
Abbreviations are same as Table 4.1.

than others

methylpropanal highethan did the controlR < 0.05).

H < 0.05). All inoculated fish sauce samples comdin2-

The highest content of

benzaldehyde was also found in fish sauce inoailatgh MS33 P < 0.05),
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corresponding with the study of Udomsil et aDX2), reporting thal. halophilus
MS33 produced benzaldehyde during fish sauce fem@tien. Valine and isoleucine
are precursors of 2-methylpropanal and 2-methytialtarespectively (Pripis-
Nicolau et al.,, 2000). High amount of theaklehydes corresponded with high
contents of free valine and isoleucine (Table 43FHMethylthio)propanal is a
Strecker aldehyde of methionine, which is a procesdiated by amino transferase
and o-ketoacid decarboxylase (Amarita, Fernandez-EsBkguena, and Pelaez,
2001). This aldehyde contributes to cooked potaite.nSmit, Engels, and Smit
(2009) reported that 2-methylpropanal, 2-methylbateand 3-methylbutanal were
produced from amino acid catabolism. Initial stepolves transamination of
leucine, valine, and isoleucine, and subsequelidighgde decarboxylation. Besides
enzymatic conversion, chemical oxidation caketo isocaproic acid catalyzed by
Mn%*  results in 2-methylpropanal (Smit and Engels,4300he activity can be
modulated by the Mfiand oxygen concentration. It should be notedhatethylbutanal
and 3-methylbutanal of co-cultures sample were @aige to the controlP( >
0.05). 2-Methylpropanal, 2-methylbutanal, and 3ghtutanal contributed to
malty, nutty, almond and dark chocolate note, wiigobne of important notes of fish
sauce (Giri et al.,, 2010; Lapsongphon et al., 201Bapsongphon et al. (2013)
reported that 2-methylpropanal, 2-methylbutanal,méhylbutanal and 3-
(methylthio)propanal showed the highest odor-afstivialues (OAVS), suggesting
that they have strong influence on the overallmaroof fish sauce. Amino acid
catabolism has been found in whole genom¥igibacillus sp. SK37 (Phrommoa et
al., 2013). Therefore, those volatile compoundshinie produced from metabolism

of Virgibacillus sp. SK37.Virgibacillus sp. SK37 has been reported to increase 2-
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methylpropanal, 2-methylbutanal, and 3-methylbutanéish sauce fermented under
reduced salt content condition.

The content of acetone and 2-butanone of seqlientieulated fish sauce
was comparable to the contrd? & 0.05). 2-Butanone is responsible for a cheesy
note. However, these compounds were unlikely tthbamportant odor because of
their high threshold value of 1.55-7.76 mg/L (Micaia, Yano, and Enomoto, 2002).
The content of 1-butanol, 1-penten-3-ol, and 3-iylethbutanol of fish sauce
inoculated with combined cultures (MS33+SK37 andBBKLM+MS33) was higher
than othersR < 0.05), whereas fish sauce prepared from co1@dt(MS33+SK37)
showed the highest amount of 1-pentanol. 3-MetHyisthnol contributed to rancid
and pungent odor note, while 1-penten-3-ol conteduo a meaty, grassy, burnt,
and green odor (Giri et al., 2010). These compoumel® found in fish miso, soy
miso, soy sauce, and fish sauce. Leucine was pm@cudor 3-methyl-1-butanol
formation in cheese via transamination pathway aftococcus lactis (Smit et al.,
2005). However, the pathway of amino acid conversiorl. halophilus has not been
investigated thus far. The role of alcohols on allexcceptance in fish sauce has not
been reported because their odor threshold wasivedia high (Michihata et al.,
2002).

Dimethyl disulfide of fish sauce inoculated wittarsér cultures was lower
than the controlR < 0.05). The content of dimethyl trisulfide wasaterely low in
both single and combined cultures. Dimethyl trisidf contributed to cooked
cabbage, fishy, sulfury and fecal note with its ldweshold value of 0.015 pg/L,
thus, it was considered as odor active compounddf®ePatte, Roualt, Laffort, and

Gemert, et al., 1995; Gire et al., 2010). Dimettiulfide and dimethyl trisulfide
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were products from methionine catabolism via tramation (Yvon and Rijnen,
2001).Virgibacillus sp. SK37 and. halophilus MS33 have been reported to reduce
these sulfur-containing compounds in fish sauc@gbagphon et al., 2013; Udomsil
et al., 2011; Yongsawatdigul et al., 2007). Metlydzine and 2,6-dimethylpyrazine
of fish sauce prepared from sequential inocula&ik37_1+MS33) were the highest
(P < 0.05). These compounds played less importagtimbverall of fish sauce due
to their high threshold (Giri el al., 2010). Oursué indicated that sequential
inoculation efficiently improved volatile charadstic of fish sauce. However, the
interactions ofVirgibacillus sp. SK37 andr. halophilus MS33 on production of
volatile compounds deserved further investigation.
4.4.6 Physico-chemical properties

Physico-chemical propertiedisii sauce samples were shown in Table
4.6. Salt content of fish sauce inoculated withitstacultures and the control were
comparable and in the range of 27-28% (Table.%6,0.05). The pH values of fish
sauce samples were 5.54-5.80, and the sample SKBIS33 exhibited the lowest
pH of 5.54. Acidity of fish sauce is due to orgaacids, such as lactic acid and
acetic acid during fermentation. Although stadtures were added, they did not
drastically decrease pHP & 0.05). This was because fish sauce fermentaitbnat
contain sugar (glucose in particular), an importaristrate for lactic acid production
of T. halophilus MS33.

Total nitrogen (TN) contents of all fiskauce samples were
comparable (Table 4.€, > 0.05). Ammonia, free amino acids, nucleotidgtigkes,

urea, and trimethylamine (TMA) were TN in fish say&hahidi, Sikorski, and Pan,



156

Table 4.6 Physico-chemical properties of fish sauce samplesulated with  single

and combined cultures fermented for 6 months.

Total
Samples Salt (%) nitrogen pH Browning index
(%)
Control 27.37+0.20 2.29+0.1 5.80+0.12 0.42.24
SK37 27.95+1.21 229+0.04 5.67+0.24 0.44+0.2
MS33 27.74+0.40 236+0.02 5.67+0.38 0.43240.
MS33+SK37 28.45+0.81 242+0.06 5.62+0.34 @24

SK37_1M+MS33 28.52+0.40 2.44+0.02 5.54+0.23 0.44 +0.24
Abbreviations are same as Table 4.1.

1994). TN has been used to classify quality of 8slice (Park et al., 2001). TN
value of the first grade fish sauce according t@iTindustry Standard must be
greater than 2.0%. Samples inoculated with staxtéures demonstrated the first
grade quality at 6 months fermentation. The brognimdex was comparable among
samples (Table 4.8 > 0.05). Maillard reaction isesponsible for brown color of
fish sauce during ripening step (Lopetcharat eal01).
4.4.7 Preferencetest of fish sauce

Preference test based on color, odore t@stl overall acceptance of all
fish sauce was shown in Table 4Chlor and odor of fish sauce samples inoculated
with single- and co-cultures were comparable tocibrgrol @ > 0.05). The sample
SK37_1M+MS33 was more preferable in terms of tasig overall acceptanc®
0.05). Since SK37_1M+MS33 contained high conteatdhim of total amino acids
(P < 0.05) and more desirable volatile compoundstiquaarly aldehydes, these

compounds could likely contribute to higher prefee in taste characteristic and
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overall acceptance. In addition, some panelists whee familiar with fish sauce

tasting revealed that SK37_1M+MS33 received grdatte preference than others.

Table 4.7 Hedonic score of color, odor, taste, and overateptance of fish sauce

samples inoculated with single and combined cudtdiezmented for 6

months.
Attribute
Samples Color Odor Taste Overall

acceptance
Control 4.44 +0.88 3.89 +1.05 3.56 +0%88 3.56+0.53
MS33 4.78 +0.67 411 +0.78 3.56 +1°24 4.00+0.7%
SK37 4.44 +0.73 3.89 + 0.93 3.89+0%8 4.00+0.50
SK37+MS33 4.44 +0.88 433+071  4.22+0%97 4.00+0.7%

SK37_1M+MS33 4.78 +0.83 4.89 = 1.27 500+100 4.78+1.09

Acceptance score: 7 = extremely like; 4 = neititex hor dislike; 1 = extremely
dislike.

Different superscripts within a column indicatersigant difference P < 0.05).
Abbreviations are same as Table 4.1.

4.5 Conclusions

Sequential inoculation dfirgibacillus sp. SK 37 for 1 month, followed by
T. halophilus MS33 (SK37_1M+MS33) contained high contentaedimino content
at 6 months. Moreover, SK37_1M+MS33 contained highenethylbutanal, 3-
methylbutanal, and 3-methylpropanal contributingrtalty, nutty, almond and dark
chocolate notes, than others. Single and comlxin#dres also increased both free
and total glutamic acid. The use of the MS33 alalse increased total amino acids

of fish sauce. Therefore, the use of sequentiatulaion could improve volatile
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compounds and amino acid profile, rendering impnoset of flavor characteristic

and overall acceptance.
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CHAPTER V
DETECTION OF MICROBIAL PROFILING OF FISH
SAUCE INOCULATED WITH STARTER CULTURESBY

16SrRNA GENE SEQUENCING

5.1 Abstract

16S rRNA gene sequencing approaches were used mitom@hanges in starter
cultures and microflora populations of fish saureculated with combined cultures,
Virgibacillus sp. SK37 andl. halophilus MS33, during 6 months of fermentation.
DNA was extracted and sequenced using lon Torremsdhal Genome Machine
(PGM®), yielding a total of 528,814 reads, with an ager read length of 400 bp.
Quantitative Insights Into Microbial Ecology (QIINNEBvas used to analyze output
data. Based on 16S rRNA genes from the metagentftheenera were found in
inoculated fish sauce. The results indicated thatahial profiling in inoculated fish
sauce was dominated MBacillus, Brevibacillus, Staphylococcus, Tetragenococcus,
and Virgibacillus. In contrast, Halomonas, Prochlorococcus, Rhodococcus, and
Sediminibacterium were prominent bacteria in uninoculated fish saudaoculation
of Virgibacillus and Tetragenococcus as a single culture notably suppressed
abundance of microflora. Simultaneous co-culturesculation (MS33+SK37)
predominantly showedVirgibacillus, but Tetragenococcus was found in low
population. In contrasfletragenococcus was predominant in sequential inoculation.

Addition of sequential starter culture might proeagtowth ofT. halophilus MS33.
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Keywords: Inoculated fish sauce, co-cultures, lon Torrent PFGWBS rRNA gene

sequencingyirgibacillus, Tetragenococcus

5.2 Introduction

Recently,Virgibacillus sp. SK37 and. halophilus MS33 have been proved as
potential starter cultures for fish sauce fermentasince they shortened fermentation
time and improved aroma quality (Yongsawatdiguhlet2007; Udomsil et al., 2011).
Many microflora bacteria founded in fish sauce wdeld Bacillus (Uchida et al.,
2004) Saphylococcus (Fukami et al., 2004) Micrococcus, Sreptococcus (ljong and
Ohta, 1996), Halobacterium (Thongthai and Suntinanalert, 1991hlalobacillus
(Chaiyanan et al., 199%ijrgibacillus (Nawong, 2006), andetragenoccus (Udomsil
et al., 2010). These microorganisms diversity wisaated by culture-dependent
method. However, culturing method is not completemicrobial characterization.
Microorganisms may require unknown growth factorgd/ar growth conditions
present in natural habitats that are not reprodigechedia. (Amann, Ludwingg, and
Schleifer, 1995). Such limitations lead these tegpes to underestimate microbial
diversity, and sometimes even the failure to dethet majority microbial groups
(Ercolini, Moschetti, Blaiotta, and Coppola, 2004)herefore, next-generation
sequencing (NGS) has been used to describe mitcanatituent of ecosystems, that
help overcome the problems most of which have bessed extensively in food
systems. These techniques allow the identificasiod, in some cases, quantification
of food-associated microbial groups, and providessgive and rapid methods for
determining the composition and diversity of compieicrobial communities. NGS

technique is based on nucleic acid sequencing wittwturing step.
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DNA of microorganisms was extracted directly froramgples and DNA
sequence fragments for the purpose of microbiakrdity were amplified using
universal primers targeting known marker gene. Tiest commonly used genes
include 16S rRNA gene for prokaryotes, 18S and rR3$A gene for eukaryotes, and
Internal Transcribed Spacer (ITS) regions for fungAnderson, Campbell, and
Prosser, 2003). This method is high-throughput laasl been used to analyze food
microbial ecology. Pyrosequencing was the first Nt@&hnique has been used to
study in food microbiology such as meju (dried fented soybeans) (Kim et al.,
2011), natto, doengjang and tempeh (Nam, Lee, anu R012). Bacillus was
dominant throughout fermentation, followed byEnterococcus, Lactobacillus,
Leuconostoc, Weissella, and Tetragenococcus. Jung et al. (2011) reported that
bacterial community of kimchi was dominated bguconostoc, Lactobacillus, and
Weisella. Pyrosequencing showed thauconostoc andWeissella dominate the early
stages of fermentation, whilectobacillus was dominant at the end (Part et al., 2012).
Dynamics of starter cultures and diversity of fisauce microflora were still
ambiguous. Understanding changes of bacterial cantynduring fermentation with
starter cultures would lead to obtain knowledgeuabmle of starter cultures on
microflora in fish sauce.

lon Torrent PGM has received considerable attention. Charact@izaif
bacterial 16S rRNA gene pools through massivelgldramplicon sequencing is a
method of choice which can replace previously usézhe library sequencing
techniques (DeSantis et al., 2007). lon Torrent BGids been used to characterize
the microbial diversity in commercial fish saucengs16S rRNA gene sequencing.

Halanaer obium, Staphylococcus, andTetragenococcus were dominated bacteria found
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in commercial Thai fish sauce fermented for 1-1hthe based on lon Torrent PGM
(Chuea-nongthon, 2013). lon Torrent P&&equencing is determined by measuring
pH changes due to hydrogen ion liberation as ntide® are incorporated during
strand synthesis in picoliter wells (Rothberg ef 2011). The increasing numbers,
quality and length of reads per run, together whthpossibility of “barcode-tagging”
amplicons with sample-specific adaptors are leadiog be multiplesamples
(Parameswaran et al., 2007). In this study, westigated microbial profiling of fish
sauce inoculated with combined cultures fermentedL{6 months using lon Torrent
PGM® with sample-specific barcoded primers targetingtigeer-variable regions V2

of the 16S rRNA gene.

5.3 Materialsand M ethods

5.3.1 Starter culture preparation and sample collection

One kilogram of fresh anchovy wased with 25 % of solar salt and
inoculated with 10% ofVirgibacillus sp. SK37 (SK37) ofTl. halophilus MS33
(MS33) with initial cell counts of 1910’ CFU/mL. For co-cultures, 5% of.
halophilus MS33 and Virgibacillus sp.SK37 were added simultaneously
(MS33+SK37). In addition, sequential inoculation swaarried out by initial
inoculation of 5% Virgibacillus sp. SK37 inoculum for 1 month and following 5%
of T. halophilus inoculum (SK37_1M+MS33). The control was addethwli0% of
fish broth without starter cultures. All treatm@&nwere incubated at 35 °C for 6
months. Ten gram of the samples were asepticatigntaevery month (1-6 months)

and stored at -20 °C until further use.
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5.3.2 DNA extraction

Bacterial DNA was extexttfrom 1 mL of fish sauce mash by
DNeasy® tissue kit (QIAGEN, Mississauga, ON, CanaBaefly, 1 mL of fish sauce
mash was added with 500 puL of 1xPBS and transfemtedfilter bag (Labplas Inc.,
Sye-Julie, QC, Canada). Filtrate was collected 1damL tube and fish particles were
centrifuged at 500xg for 5 min. Supernatants wetlected, and further centrifuged at
10,000xg for 10 min. Subsequently, cell pellets evetashed twice with 1 mL of
1xPBS. Genomic DNA was isolated using DNeasy® #sskit (QIAGEN,
Mississauga, ON, Canada) according to the manutatsyprocedure. Quantification
and purity of DNA were carried out using a Nanodspectrophotometer (Nanodrop
2000, Thermo Scientifie)Vilmington, DE, U.S.A) and extracted DNA was stoetd
20 °C.

5.3.316SrRNA gene amplicon and emulsion PCR
To analyze the bactecmmmunity, the fragment size ~ 450 bp of

bacterial 16S rRNA genes hypervariable regions (W2je amplified using primers
reported in Table 5.1. These primers were condettdeadditional PGM adaptors,
unique error correcting Golay Barcode, and ‘CATasgxr (Hamady et al., 2008).
DNA was amplified in 40 pL containing 20 pL of QeagHotStar master mix (2x)
(QIAGEN, Mississauga, ON, Canada), 0.8 uL of 20 pfMach primer, 0.16 pL of 10
mg/mL of BSA and 1 pL of DNA template. The PCR ctinds were 95 °C for 15
min, followed by 32 cycles of 94 °C forl5 s, 52f6€ 30 s, 72 °C for 40 s and a final
extension at 72 °C for 8 min. Amplicon product wasified in 2% agarose gel by
electrophoresis and purified by MinElute PCR padfion kit (QIAGEN,

Mississauga, ON, Canada). Concentration and qualitypNA was assessed on
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BioAnalyzer 2100 (Agilent, Santa Clara, CA, U.S.K&pr the sequence run, all DNA
libraries from different samples were adjusted & @V and pooled in an equal
volume before clonal amplification by emulsion P@Rich was carried out by lon
One touch" Instrument (Life Technologies, Foster city, CA, US#nd attached to
lon Sphere Particles (ISPs) using lon PGMemplate OT2 400 kit (Life
Technologies, Foster city, CA, USA) according to nemacturer’s protocol.
Unenriched template was measured after emulsion B@Rlification by Qubit 2.0
Fluorometer (Life Technologies, Carlsbad, CA, USA).
5.3.4 Sequencing and microbial profiling analysis

The enrichment templai®Bs (>95%) were sequenced on 316 chip
V2 using lon Torrent PGM and employing the lon Sequencing 400 kit (Life
Technologies, Foster city, CA, USA) according tee thupplier's manual. After
sequencing, the individual sequence reads weeeditby PGM software to remove
low quality and polyclonal sequences. Sequenceshimaf the PGM 3’-adaptor were
automatically trimmed. FastQ, and *.fasta, filesrevexported and processed using
QIIME pipeline as described by Caporaso et al. (20The sequences with 97%
homology were clustered and defined as percen88frRNA Operational Taxonomic
Units (OTUs). QIIME was used for all sequence re&dd.5 Mb) which were

classified to the lowest possible taxanomic rank.

5.4 Results and discussion
5.4.1 Microbial profiling in fish sauceinoculated with starter cultures
A filtered yield of 528,814 readswobtained from 30 samples with an

average read length of 400 bp. For complete lisBl@enera in Table 5.2-5.6.
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Table 5.1 Primers used to amplify V2 hypervariable regiomatteria in inoculated

and non-inoculated fish sauce fermented for 1-6th®n

Primer Adaptor Barcode Spacer  16Sforward primer

Forward CCATCTCATCCCTGCGTGTCTCCGACTCAG CTAAGGTAAC GAT agagtttgat cct ggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG TAAGGAGAAC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG AAGAGGATTC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TACCAAGATC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGTCTCCGACTCAG CAGAAGGAAC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGICTCCGACTCAG CTGCAAGITC GAT agagtttgatcctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG TTCGTGATTC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TTCCGATAAC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TGAGCGGAAC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGICTCCGACTCAG CTGACCGAAC GAT agagtttgatcctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG TCCTCGAATC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TAGGTGGITC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TCTAACGGAC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGICTCCGACTCAG TTGGAGIGTC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG TCTAGAGGTC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TCTGGATGAC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TCTATTCGIC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGICTCCGACTCAG AGCCAATTGC GAT agagtttgatcctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG TTAGTCGGAC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG CAGATCCATC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TCGCAATTAC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGICTCCGACTCAG TTCGAGACGC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG TGCCACGAAC GAT agagtttgat cctggctcag
CCATCTCATCCCTGCGTGTCTCCGACTCAG AACCTCATTC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGTCTCCGACTCAG CCTGAGATAC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGICTCCGACTCAG TTACAACCTC GAT agagtttgatcctggctcag
CCATCTCATCCCTGCGTGICTCCGACTCAG AACCATCCGC GAT agagtttgatcctggctcag
CCATCTCATCCCTGCGTGTCTCCGACTCAG ATCCGGAATC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGTCTCCGACTCAG TCGACCACTC GAT agagt tt gat cct ggct cag
CCATCTCATCCCTGCGTGICTCCGACTCAG CGAGGTITATC GAT agagtttgat cctggctcag

Reverse CCTCTCTATGGGCAGTCGGTGATt get gect cccgt aggagt

Habitats of these 24 genera were saline environment

Therefore, they might suppose to be found in fighce fermentation. There
were 12 genera of bacteria detected as dominantoanganisms in fish sauce
inoculated with starter cultures and the controlhiohr were Salimicrobium,

Salinicoccus,  Sediminibacterium, Rhodococcus, Serinicoccus, Halomonas,
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Prochlorococcus, Staphylococcus, Brevibacterium, Bacillus, Tetragenococcus, and
Virgibacillus (Figure 5.1a, b). The predominant genera in thérobof the £ batch at
1 month of fermentation weirochlorococcus, Rhodococcus, andSediminibacterium
(Figure 5.1a) while dominant bacteria of tH¥ Batch at 1 month waldalomonas,
Bacillus, andProchlorococcus (Figure 5.1b). Minor population (some as low as%10
of total relative abundance) detected in the cordto2-6 months of fermentation
include Salimicrobium, Salinicoccus, Saphylococcus, Brevibacterium, Bacillus, and
Serinicoccus. Virgibacillus and Tetragenococcus were not detected in both control
samples (Figure 5.1a, b). High variation of baelepopulation in the controls was
observed.Prochlorococcus (accession no. DQ366718hodococcus (accession no.
KJ028076), andSediminibacterium (accession no. FM179320) were isolated from
saline environmentSalimicrobium was isolated from Korean fermented seafood
(myeolchi-jeot) (Choli, Jin, Kim, and Jeon, 201&jlinicoccus is a moderate halophile
isolated from saline soil sample (Chen et al., 2007

Virgibacillus was only predominant genus throughout the courée o
fermentation inoculated withVirgibacillus sp. SK37 (SK37, Figure 5.1a, b).
Virgibacillus wasdominant genus and its cumulative abundance of (080-8
Virgibacillus was the moderately halophilic bacteria and widelgtributed in
environments containing high NaCl concentrationshsas saline lakes and fish sauce
(Amziane et al., 2013;Tanasupawat et al.,, 20@#gcillus, Brevibacillus, and
Tetragenococcus were found with low relative abundance in SK37 (ifeg 5.1b).
Tetragenococcus was the most dominant bacteria detected in fisicesaaddedT.
halophilus MS33 at 1-6 months, withvirgibacillus being the second abundance

(Figure 5.1a, b).



Table 5.2 Relative abundance (%) of bacterial compositiofistf sauce without starter culture (control) & fonths.

Control
1 2 3 4 5 6
No. Genus R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
1 Virgibacillus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0 0.00
2  Tetragenococcus 0.0cC 0.0cC 0.0cC 0.0cC 0.0cC 0.0c 0.0cC 0.0cC 0.0c 0.0cC 0.0cC 0.0cC
3 Bacillus 3.28 6.89 3.28 34.53 9.28 28.57 31.92 7.35 335506 7. 5.16 26.31
4  Brevibacterium 2.22 3.37 2.22 5.59 4.86 2.45 8.78 5.44 0.30 10.59.97 4.43
5  Saphylococcus 5.01 3.65 5.01 6.59 0.72 1.58 4,72 3.04 0.22 3.026.463 1.84
6 Prochlorococcus 23.7C 3.21 23.7C 22.7F 0.4 10.0¢ 4.3¢ 3.21 0.2¢ 26.22 161 27.11
7 Halomonas 4.06 74.75 4.06 11.18 2.59 18.57 37.33 2.56 0.73 .6619 5.29 35.05
8  Serinicoccus 0.7¢ 0.2¢ 0.7¢ 0.1: 0.04 30.8: 0.0¢ 0.0¢ 0.0z 2.1¢ 0.1z 0.0t
9 Rhodococcus 21.19 0.11 21.19 0.06 2.95 0.08 0.06 0.02 0.04 0.05.28 0.00
10 Sediminibacterium 24.72 0.0C 24.7: 0.0C 0.64 0.0C 0.0z 0.0t 0.0t 0.0C 0.4t 0.2¢
11 Salinicoccus 6.88 0.22 6.88 0.45 1.06 0.04 3.56 0.16 0.07 3.36.132 0.38
12 Salimicrobium 0.18 1.23 0.18 0.84 0.50 7.14 0.04 0.18 1.03 3.25.420 0.81
13 Alkalibacterium 1.34 0.39 6.80 4.07 0.21 0.08 0.88 76.45 2.39 1.2D.63 0.14
14 Psychrobacter 0.1¢ 0.8¢ 0.0cC 0.0C 75.6% 0.0¢ 0.0c 0.27 55.8¢ 1.2 0.4¢ 0.3¢
15 Paracoccus 0.85 1.12 0.00 4.39 0.17 0.04 1.67 0.14 0.38 0.35.170 0.40
16 Janibacter 2.72 0.33 1.17 0.06 0.03 0.00 4.89 0.30 0.01 3.01.712 0.02
17 Rhodobacter 1.02 0.11 0.00 0.06 0.24 0.00 0.02 0.23 1.22 3.50.936 0.10
18 Oceanimonas 0.0cC 1.22 0.0cC 0.0¢ 0.0cC 0.0 0.0cC 0.0z2 1.21 0.0¢  13.4¢ 1.4¢
19 Salinivibrio 0.00 2.10 0.00 8.38 0.00 0.00 0.00 0.05 0.03 0.040.591 0.00
20 Sreptococcus 0.4¢ 0.0¢ 0.0C 0.0¢ 0.1¢ 0.4¢ 0.0z 0.0z 2.2C 0.6C 0.2t 0.5t
21 Enterobacter 0.71 0.11 0.00 0.78 0.14 0.04 0.58 0.14 0.11 0.32.630 0.07
22 Lentibacillus 0.3t 0.0cC 0.0cC 0.0cC 0.0cC 0.0cC 0.0cC 0.27 0.0C 14.2¢ 0.0C 0.0cC
23 Salinibacterium 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.000 0.43
24 Micrococcus 0.04 0.00 0.04 0.00 0.30 0.00 1.08 0.02 0.33 0.04.251 0.17
Total 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0( 100.0C 100.0C 100.0C 100.0(

R1, R2 = fish sauce samples from first (R1) anedse¢R2) batch.

9T



Table 5.3 Relative abundance (%) of bacterial compositiofistf sauce inoculated wiNirgibacillus sp. SK37 (SK37) at 1-6

months.
SK 37
2 3 4 5 6
No. Genus R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
1 Virgibacillus 85.33 44.55 54.42 54.60 63.17 86.45 77.13 49.29 1%44.57.08 71.24 44.35
2  Tetragenococcus 0.0z 0.6¢ 1.1z 0.87 2.5¢ 0.1¢ 0.2¢ 1.7 2.6t 0.5¢ 0.27 2.3¢
3  Bacillus 2.9¢ 6.4¢ 5.8t 19.2¢ 7.91 8.12 3.14 14.4¢ 2.9¢ 13.2( 2.6% 28.2¢
4  Brevibacterium 3.67 9.52 0.60 3.36 6.17 0.51 2.21 11.81 5.02 14.215.86 551
5  Saphylococcus 0.88 0.58 0.24 5.75 0.90 0.40 7.78 4.09 3.54 0.70.250 2.34
6  Prochlorococcus 0.2C 0.2¢ 0.04 1.65 0.5¢ 0.7C 0.27 0.4C 1.1€ 1.52 0.3¢ 1.7¢
7 Halomonas 0.16 26.98 2.89 2.20 6.87 0.88 2.32 12.76 6.52 3.68.44 6.06
8  Serinicoccus 0.0C 0.8¢ 2.6% 2.1z 0.2t 0.0% 0.0t 2.8% 2.61 1.0¢ 0.14 0.8t
9  Rhodococcus 0.0z 0.07 0.01 1.7z 0.01 0.04 0.0t 0.0¢ 0.6C 0.1z 0.07 0.0¢
10 Sediminibacterium 0.0C 0.0C 31.9¢ 1.5¢ 9.12 0.01 3.0¢ 0.0C 0.01 0.47 0.0z 0.0¢
11 Salinicoccus 0.00 3.39 0.06 2.97 0.18 1.25 0.11 0.16 0.05 0.12.610 3.72
12 Salimicrobium 0.00 0.29 0.00 0.19 0.16 0.02 1.91 0.16 0.02 3.68.220 0.13
13 Alkalibacterium 0.18 2.66 0.06 0.56 0.07 0.22 0.67 0.24 577 0.23.16 0 0.26
14  Psychrobacter 0.0C 0.0¢ 0.0C 2.0¢ 0.4C 1.0C 0.0C 1.51 24.32 3.0z 3.2 0.3¢
15 Paracoccus 6.44 0.2z 0.0C 0.37 0.2¢ 0.01 0.0C 0.0¢ 0.1C 0.0C 0.04 0.0C
16 Janibacter 0.00 0.07 0.00 0.25 0.69 0.05 0.05 0.08 0.00 0.12.070 2.62
17 Rhodobacter 0.00 2.65 0.00 0.06 0.08 0.07 0.00 0.08 0.01 0.00.02 0 0.00
18 Oceanimonas 0.11 0.07 0.1z 0.0¢ 0.4% 0.01 0.9z 0.1¢€ 0.27 0.0C 0.01 0.5¢
19 Slinivibrio 0.00 0.07 0.00 0.12 0.08 0.03 0.00 0.00 0.00 0.00.010 0.32
20 Sreptococcus 0.0C 0.07 0.0C 0.1¢ 0.0C 0.01 0.0C 0.0C 0.1t 0.0C 0.01 0.0¢
21 Enterobacter 0.0C 0.44 0.0C 0.0¢ 0.0¢ 0.0< 0.0C 0.0C 0.0z 0.1z 0.0z 0.2¢
22 Lentibacillus 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C
23 Salinibacterium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0 0.00
24  Micrococcus 0.00 0.00 0.00 0.00 0.07 0.00 0.01 0.00 0.00 0.00.353 0.00
Total 100.0C 100.0C 100.0C 100.0¢C 100.0¢ 100.0C 100.0C 100.0¢ 100.0C 100.0C 100.0C 100.0¢

R1, R2 = fish sauce samples from first (R1) anedse¢R2) batch.



Table 5.4 Relative abundance (%) of bacterial compositiofishf sauce inoculated with halophilus MS33 (MS33) at 1-6nonths.

M S33
2 3 4 5 6

No. Genus R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
1 Virgibacillus 20.30 32.80 0.14 0.00 0.00 0.00 76.48 6591 76.67 0.00 0.54 0.00
2  Tetragenococcus 74.14 30.73 4991 4761 5.12 4.22 0.64 0.45 4.78 .8660 72.40 15.94
3 Bacillus 0.19 10.81 47.45 4.50 2.68 4.14 2.31 11.15 0.75 9810. 7.93 35.62
4 Brevibacterium 0.08 4,92 1.20 1.60 84.27 8.27 1.49 1.99 8.10 1.840.62 8.97
5  Saphylococcus 0.15 1.63 0.11 0.46 0.27 2.81 4.83 2.09 0.59 1.40.871 5.35
6  Prochlorococcus 0.7¢ 1.61 0.3¢ 2.47 0.2¢ 3.0 2.7C 0.3¢ 1.94 1.7¢ 2.5€ 3.2¢
7 Halomonas 0.18 3.86 0.21 41.19 2.84 68.07 5.04 3.54 1.99 6.6M.62 15.44
8  Serinicoccus 0.04 1.76 0.21 0.08 0.65 2.44 0.07 1.09 0.16 0.62.020 0.09
9 Rhodococcus 0.05 0.04 0.03 0.08 0.03 0.07 1.03 0.07 0.01 1.46 .07 0 0.05
10 Sediminibacterium  2.23 3.13 0.02 0.08 0.27 0.00 1.28 8.34 0.25 0.00.130 0.00
11 Salinicoccus 0.24 4.60 0.04 0.49 0.08 1.48 0.62 2.54 0.04 1.40.170 2.50
12 Salimicrobium 0.0z 1.3¢ 0.07 0.2¢ 1.7¢ 1.2F 0.3C 0.2Z 0.27 6.07 7.31 9.0¢
13 Alkalibacterium 0.04 1.02 0.21 0.23 0.16 1.41 1.53 0.07 0.04 0.21.120 0.19
14 Psychrobacter 0.09 0.00 0.00 0.16 0.37 1.25 0.00 0.33 0.64 0.55.322 2.04
15 Paracoccus 0.33 0.86 0.01 0.39 0.34 0.59 0.96 1.09 0.60 0.14.050 0.28
16 Janibacter 0.08 0.23 0.00 0.13 0.01 0.11 0.02 0.04 0.01 6.54.020 0.05
17 Rhodobacter 0.01 0.04 0.00 0.03 0.13 0.07 0.09 0.04 0.05 0.03.06 0 0.05
18 Oceanimonas 0.0C 0.0¢ 0.0C 0.0¢ 0.01 0.1¢ 0.4¢ 0.41 0.0¢ 0.0z 0.02 0.1<
19 Sdlinivibrio 0.01 0.27 0.00 0.08 0.03 0.33 0.02 0.04 0.01 8.89.94 2 0.05
20 Sreptococcus 0.00 0.08 0.04 0.03 0.06 0.04 0.02 0.15 0.02 0.03.01 0 0.05
21 Enterobacter 0.03 0.12 0.00 0.05 0.61 0.07 0.07 0.11 0.02 0.28.200 0.84
22 Lentibacillus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0 0.00
23  Salinibacterium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0 0.00
24 Micrococcus 1.0C 0.0¢ 0.0cC 0.0z 0.0z 0.1t 0.0z2 0.0c 3.01 0.2¢ 0.01 0.0t

Total 100.0C 100.0C 100.0C 100.0C 100.0C 100.0( 100.0C 100.0¢ 100.0C 100.0( 100.0C 100.0(

R1, R2 = fish sauce samples from first (R1) andsd¢R2) batch.
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Table 5.5 Relative abundance (%) of bacterial compositiofistf sauce inoculated with co-cultures (MS33+SK&(7)-6

months.
M S33+SK 37
1 2 3 4 5 6
No. Genus R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
1  Virgibacillus 44.07 20.66 53.86 38.24 51.64 26.20 87.70 88.70 4624.95.62 87.44 35.44
2  Tetragenococcus 11.91 44.2i 1.0¢ 1.8¢ 2.7 0.21 1.62 0.2¢ 2.4z 0.65 2.7¢ 21.81
3  Bacillus 40.1¢ 8.2¢ 36.65 16.67 1.2¢ 5.5¢ 1.5t 0.5¢ 0.1z 0.5¢ 1.9¢ 14.5¢
4 Brevibacterium 0.30 2.24 0.33 9.78 1.92 4.86 1.34 2.98 0.30 054.450 242
5  Saphylococcus 0.58 5.67 0.18 6.23 0.08 2.43 0.06 0.31 0.58 0.20.131 6.81
6  Prochlorococcus 0.1C 0.27 2.44 7.6¢ 0.17 0.4C 0.14 0.1t 0.1C 0.1C 0.01 1.87%
7 Halomonas 0.33 4.25 2.92 9.32 39.77 6.03 6.09 1.00 0.33 1.248.22 9.78
8  Serinicoccus 0.1z 0.71 1.6k 0.2¢ 0.31 2.3¢€ 0.0z 0.0< 68.0¢ 0.0¢ 0.07 2.1€
9  Rhodococcus 0.01 0.21 0.01 0.0¢ 0.01 42.1: 0.0C 0.01 0.01 0.04 0.17 0.1z
10 Sediminibacterium  0.0C 0.0C 0.0z 1.01 0.1z 0.0¢ 0.01 0.0C 0.0C 0.0C 0.0¢ 0.2C
11 Salinicoccus 0.50 3.78 0.01 0.70 0.05 0.18 1.15 0.20 0.55 0.04 .46 1 0.40
12 Salimicrobium 0.01 0.21 0.24 0.24 0.10 0.85 0.10 0.03 0.01 0.22.37 0 0.60
13 Alkalibacterium 0.02 2.34 0.29 3.22 0.02 0.18 0.00 0.17 0.29 0.27.150 0.28
14  Psychrobacter 1.61 5.9( 0.0C 1.7¢€ 0.0¢ 1.5t 0.0C 0.5t 2.4z 0.2t 2.67 0.6C
15 Paracoccus 0.1¢ 0.14 0.2C 0.2C 1.4¢ 0.37 0.01 0.0C 0.2¢ 0.04 0.12 0.4C
16 Janibacter 0.01 0.07 0.01 0.84 0.01 0.12 0.11 0.01 0.01 0.04.020 1.87
17 Rhodobacter 0.01 0.41 0.00 0.07 0.01 0.30 0.00 0.00 0.01 0.01.050 0.04
18 Oceanimonas 0.01 0.21 0.0C 0.0C 0.01 0.0¢ 0.0¢ 0.5C 0.01 0.01 0.0z 0.04
19 Salinivibrio 0.00 0.14 0.02 0.10 0.12 0.22 0.00 0.01 0.00 0.04.020 0.04
20  Sreptococcus 0.0¢ 0.07 0.0C 0.0¢ 0.07 0.0¢ 0.0C 0.0¢ 0.0¢ 0.0¢ 0.0¢ 0.0¢
21 Enterobacter 0.0z 0.07 0.07 1.67 0.0z 5.7t 0.01 4.5] 0.0z 0.0t 0.7 0.0¢
22 Lentibacillus 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C
23 Sinibacterium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0 0.00
24  Micrococcus 0.00 0.14 0.00 0.07 0.01 0.06 0.01 0.00 0.00 0.02.020 0.40
Total 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0(

R1, R2 = fish sauce samples from first (R1) anesec¢R2) batch.
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Table 5.6 Relative abundance (%) of bacterial compositiofistf sauce inoculated with sequential culturesIBKL+MS33)
after 1 month at 1-6 months.

SK37_1IM+M S33

1 2 3 4 5 6
No. Genus R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
1 Virgibacillus 84.32 1.67 3535 23.83 5.82 58.98 0.89 4.63 15.07.89 6 75.51 9.63
2  Tetragenococcus 0.3z 6331 28.11 36.4¢ 84.11 36.7C 86.77 76.1¢ 71.6: 7527 20.3: 73.0¢
3 Bacillus 1.01 178 26.8° 12.6¢ 4.7¢ 1.9¢ 3.5¢€ 5.1% 4.2~ 4.1C 1.6¢ 2.84
4  Brevibacterium 0.78 22.32 0.96 9.39 0.57 0.61 0.78 5.28 1.17 1.09.97 3.51
5  Saphylococcus 0.64 2.63 0.32 0.72 0.28 0.27 0.64 2.48 0.56 3.27.100 1.08
6  Prochlorococcus 0.32 0.5(C 0.3C 5.7¢ 0.07 0.2: 1.4Z 0.4C 0.52 1.4¢ 0.1¢ 0.5¢
7  Halomonas 10.8 1.87 7.50 4.33 0.28 0.44 0.78 1.51 4.95 1.38.200 3.61
8  Serinicoccus 0.57 0.6 0.0Z 2.9¢ 0.07 0.0¢ 0.57 0.2¢ 0.6¢ 0.41 0.3¢ 1.6¢
9  Rhodococcus 0.04 0.0¢ 0.0z 0.3¢ 0.0C 0.04 0.04 0.37 0.0¢ 0.61 0.07 0.12
10  Sediminibacterium  0.0C 0.0 0.2¢ 0.2¢ 0.04 0.04 0.0C 0.1¢ 0.0z 0.1 0.0¢ 0.04
11  Salinicoccus 0.04 0.25 0.01 0.72 2.48 0.25 0.04 0.18 0.56 0.10.070 1.01
12 Salimicrobium 0.27 0.53 0.03 0.96 0.04 0.16 3.58 0.28 0.04 1.23.070 0.23
12 Alkalibacterium 0.11 2.47 0.03 0.24 0.34 0.08 0.11 0.46 0.00 0.61.170 0.58
11 Psychrobacter 0.3¢ 0.22 0.0C 0.2¢ 0.1¢ 0.0¢ 0.3¢ 0.2¢ 0.0C 0.41 0.1¢f 0.1¢
16 Paracoccus 0.04 1.3¢ 0.0¢ 0.44 0.01 0.0¢ 0.04 0.0¢ 0.0¢ 0.31 0.0Z 1.27
17  Janibacter 0.04 0.03 0.03 0.00 0.16 0.00 0.08 0.18 0.04 0.51.000 0.12
19 Rhodobacter 0.00 0.03 0.01 0.00 0.01 0.00 0.00 0.00 0.02 0.00.00 0 0.15
14  Oceanimonas 0.1¢ 0.0¢ 0.1¢ 0.2¢ 0.0¢ 0.0¢ 0.1¢ 0.0¢ 0.0C 0.2¢ 0.0¢ 0.04
20 Slinivibrio 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00.00 0 0.04
21 Sreptococcus 0.0C 0.2¢ 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0z 0.0C 0.0C 0.1¢
10 Enterobacter 0.1¢ 0.0C 0.0C 0.4¢ 0.62 0.0C 0.1¢ 1.9¢ 0.31 2.04 0.0¢ 0.1Z
24  Lentibacillus 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0C 0.0c
23  Salinibacterium 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0 0.00
22 Micrococcus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00.00 0 0.00
Total 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0C 100.0( 100.0C 100.0(

R1, R2 = fish sauce samples from first (R1) anedsec¢R2) batch.
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When fermentation time increased to 4 and 5 moningibacillus became the
predominant genus with 76% relative abundance in33SFigure 5.1b),
demonstrating thak. halophilus MS33 might promote growth &firgibacillus.
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Figure 5.1 Relative abundance of bacterial 16S rRNA gene fiismsauce inoculated
with single and co-culture at genus level idendifizith 16S rRNA
database from QIIME. Fish sauce samples were prdparthe first (a)
and second batch (b).
For simultaneous co-cultures (MS33+SK37), variatbforelative abundance

of Virgibacillus and Tetragenococcus was found during fermentation and %relative
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abundance ofVirgibacillus was higher than that ofTetragenococcus. The
MS33+SK37 sample was covered Wirgibacillus, Bacillus, and Halomonas when
fermentation progressed. It should be noted Thdialophilus MS33 was relatively
low abundance in MS33+SK37, except tH¥ Batch of fermentation at 1 and 6
months (Figure 2b). For sequential inoculation (3KBM+MS33), Tetragenococcus
showed relatively higher abundance th¥irgibacillus (Figure 5.1a, b) Since
Virgibacillus sp. SK37 produced extracellular proteinase to dlyde fish protein to
small peptides/ oligopeptides which acted as atgatbsforT. halophilus MS33 and
promoted growth ofT. halophilus MS33. Bacillus, Brevibacillus, Staphylococcus,
Prochlorococcus, and Halomonas were found as minor bacterial population (Figure
5.1a, b). This study demonstrated the applicatfdom Torrent PGM sequencing for
the detection of microbial profiling and diversity fish sauce inoculated with starter
culture. lon Torrent PGR sequencing has also been used to assess microbial
community diversity in alkaline water treatment gmdgery waste (Fujimoto et al.,
2014; Whiteley et al., 2012). They found that baateeommunity obtained from lon
Torrent PGM sequencing was comparable to that obtained fronpggsequencing.
Commercial Thai fish sauce fermented for 1-12 menth dominated by
Halanaerobium, Staphylococcus, Tetragenococcus, Salinivibrio, Lactobacillus,
Bacillus, Salinicoccus, Pseudomonas, Flavobacterium, Virgibacillus, and
Lentibacillus (Chuea-nongthon, 2013). Howevealanaerobium, Lactobacillus,
Pseudomonas and Flavobacterium were not found in this study.entibacillus and
Salinivibrio were also found to be insignificant (Table 5.2)5.®ifferences between
these 2 studies could be due to variation in falce samples. In this study, samples

were prepared in laboratory, while those of commaéfish sauce were collected from
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fish sauce plant. Accumulation of microflora of ustrial fermentation could be
regarded as back-slopping and serve as naturarizat the new batch. In contrast,
inoculated samples were prepared in clean contin€herefore, diversity of
microorganisms would be differenBacillus and Salinicoccus were found in marine
fish and fish sauce fermentation and were considasehalotolerant and halophilic,
respectively (Noguchi et al., 2004; Chamroensaési@l., 2009; Tanasupawat et al.,
2000). In addition, abundance Biialomanas, Prochlorococcus, Sediminibacterium,
and Rhodococcus have not been previously reported in fish saucmidtht be due to
different source of raw material, particularly aoe fish and solar salt), leading to
different microflora diversity in fish sauce. Nam, Park, and Lim (2012) reported
that predominant microbial population kéchujang (Korean traditional food made
from fermented soybeans, wheat, and red peppergwdalyzed by pyrosequencing
includedBacillus subtilis and B. licheniformis but B. amyloliquefaciens, B. pumilus,
andB. sonorensis were broadly distributed tkochujang samples prepared from meju
(dried fermented soybeans). Variations in microlpadfiling were due to different
sources of raw material and manufacturing envirarime

Table 5.7 showed majority bacteria found in all pke®. Virgibacillus,
Tetragenococcus, Bacillus, Brevibacillus, Staphylococcus, andProchlorococcus were
6 genera detected in all inoculated sampl&tgibacillus and Tetragenococcus were
not found in the controls (Table 5.7), indicatifgtt they were minority microflora.
Virgibacillus in fish sauce inoculated witMirgibacillus sp. SK37 as single culture
were predominant bacteria throughout the fermeaprocessVirgibacillus and
Tetragenococcus were identified asV. halodentitrificans and T. halophilus,

respectively, based on 16S rRNA sequencing by Qltdtabase. Based on %relative
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Table 5.7 Relative abundance of majority bacteria found linfiah sauce samples

inoculated with single and co-cultures and fermeride 1-6 months.

Sample Fermentation Relative abundance (%)
time (month) Virgibacillus Tetragenococcus Bacillus Brevibacterium Staphylococcus Prochlorococcus

Control 1 0.00 0.00 19.81 10.89 16.87 52.42
2 0.00 0.00 31.63 12.15 40.52 15.70
3 0.00 0.00 65.37 12.62 3.97 18.04
4 0.00 0.00 57.03 20.65 11.27 11.04
5 0.00 0.00 50.00 1341 3.99 32.60
6 0.00 0.00 29.17 8.71 35.50 26.62

SK37 1 83.71 0.43 6.09 8.50 0.94 0.32
2 73.80 1.34 16.99 2.68 4.05 1.13
3 84.22 1.54 9.02 3.76 0.73 0.72
4 73.21 1.19 10.21 8.12 6.87 0.39
5 68.94 2.20 11.00 13.15 2.88 1.83
6 65.98 1.52 17.62 12.20 1.48 1.21

MS33 1 29.81 58.87 6.18 2.81 1.00 1.34
2 0.09 62.60 33.35 1.80 0.37 1.80
3 0.05 8.12 5.93 80.42 2.67 2.87
4 83.57 0.64 7.90 2.04 4.06 1.78
5 48.02 34.84 7.34 6.22 1.25 2.33
6 0.35 56.98 28.09 6.19 4.66 3.74

MS33+

SK37 1 36.26 31.47 27.13 143 3.50 0.21
2 52.61 1.70 30.46  5.77 3.66 5.79
3 79.82 3.04 7.03 6.95 2.58 0.58
4 95.16 1.02 1.12 2.33 0.20 0.16
5 95.58 2.43 0.54 0.67 0.62 0.16
6 69.54 13.92 9.37 1.62 4.49 1.07

SK37_1M+

MS33 1 47.88 35.43 1.54 12.87 1.82 0.46
2 32.75 35.73 2185 5.73 0.58 3.37
3 33.34 62.16 3.45 0.60 0.29 0.16
4 2.93 86.58 4.64 3.22 1.66 0.97
5 11.85 79.29 4.51 1.22 2.07 1.06
6 44.95 49.31 2.39 2.37 0.62 0.36

abundance of majority bacteria found in all samp¥esgibacillus was predominant in
fish sauce added witkirgibacillus sp. SK37.Tetragenococcus was predominant in
MS33 at 1, 2, 5, and 6 months (Table 5.7). Intergly, Virgibacillus was

predominant in fish sauce inoculated with simultarge co-cultures (MS33+SK37),

but Tetragenococcus was found in low population. In contrast, fishusa with
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sequential inoculation showed predomiant populabioiietragenococcus. The results
indicated that addition ofT. halophilus MS33 afterVirgibacillus sp. SK37 might
promote growth of the former as fish proteins wdigested byirgibacillus sp.
SK37 leading to small peptides serving as sulestrédr T. halophilus MS33 as
describe above. Both bacteria were classified &phaic bacteria. Thongsanit et al.
(2002) reported thak. halophilus andT. muriaticus were dominated at 1-7 months of
fish sauce fermentation. Howevér, muriaticus was not found in this study. This
might be due to inoculation limited bacterial dsigy. Addition of Virgibacillus sp.
SK37 in fish sauce suppressed growth of microfgueh asBacillus, Brevibacterium,

Staphylococcus, andProchlorococcus at 2-6 months of fermentation (Table 5.7).

5.5 Conclusions

This is the first study to investigate microbiabfiing of fish sauce inoculated
with starter cultures using lon Torrent PG§equencing. Uninoculated fish sauce was
dominated by various genera at the first month,heut Virgibacillus and
Tetragenococcus. Inoculation of starter cultures suppressed gravitmicroflora and
became the majority throughout fermentation. Aiddiof Virgibacillus sp. SK37 and
T. halophilus MS33 in sequential order seemed to promote grafth. halophilus
MS33. Understanding microbial community dynamics stdirter culture and their

impact on microflora would help in the developmehstarter culture technology.
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CHAPTER VI

CONCLUSIONS

The developed qPCR methods showed specific deteciad quantification of
Virgibacillus sp. SK37 andletragenococcus halophilus MS33 used as starter cultures in
fish sauce fermentation. Virl086 and Tet48 probeewdesigned from alkaline serine
protease-X geneaprX) of Virgibacillus sp. SK37 and internal transcribed spacer (ITS). of
halophilus MS33, respectively, using specific TagMan hydrdyprobes. Virl086 and
Tet48 probe were species-specific Yarhalodenitrificans and T. halophilus without cross
reacting, respectively. They also did not crosstreath microflora isolated from fish sauce
plant. The gPCR methods showed good correlationcieficy of 101.1% forV.
halodenitrificans and 90.2% fofT. halophilus. The repeatability and reproducibility of the
methods were within 37% and 33% of relative stathdbeviation, respectively. PMA was
used to eliminate DNA of dead cell on gPCR. Thengtiaation limits of the assays were
10° Cells/mL and 18 Cells/mL for V. halodenitrificans and T. halophilus, respectively,
when tested in fish sauce samples. The develop®&dPCR methods were successfully
applied to monitor changes Virgibacillus sp. SK37 and’. halophilus MS33 in a Spanish
mackerel fish sauce fermentation model.

After the gPCR method was developed and validatedias applied to monitor
changes oVirgibacillus sp. SK37 and. halophilus MS33 in anchovy sauce fermented for
180 days. Based on the gPCR results, fish sauqeam@ by sequential inoculation of
Virgibacillus sp. SK37 followed by T. halophilus MS33 after one month
(SK37_1M+MS33) showed higher survival rate of baategrowth than single culture

inoculation approximately 0.5-1.0 LogCells/mL at01880 days of fermentation. Bacterial



192

count by spread plate technique was slightly lothan the gPCR due to the limitation of
detecting viable but nonculturable (VBNC) cell$zish sauce inoculated with either single
culture ofVirgibacillus sp. SK37 ofT. halophilus MS33 or the combined cultures showed
higher content of free glutamic acid than the aant® < 0.05).a-Amino contents of fish
sauce added with combined cultures were the higl{est< 0.05). The sample
SK37_1M+MS33 showed lower amount of histamine thiae control P < 0.05) and
contained higher levels of 2-methylpropanal, 2-rgktitanal, and 3-methylbutanal content
when compared to the contrd? & 0.05). The use of combined cultures did notease
sulfur-containing compounds that contributed to esigble note. Addition of starter
culture, particularly co-cultures in sequential @rdSK37_1M+MS33) showed potential to
improve volatile compound and chemical compositiohBsh sauce. Accurate enumeration
of starter cultures during fermentation can be @gtul using specific probes and qPCR.

lon Torrent Personal Genome Machine (PG Nechnique was successfully applied
to monitor changes in starter cultures and micraflpopulation of fish sauce inoculated
with starter cultures. Inoculation ®irgibacillus sp. SK37 and Tetragenococcus halophilus
MS33 as a single or combined cultures suppresseddaince of microflora. Based on 16S
rRNA genes from the metagenome, 12 genera weredfanrall inoculated fish sauce
samples. Dominant bacteria found throughout feratent of all samples werBacillus,
Brevibacillus, Staphylococcus, Tetragenococcus, Virgibacillus, and Prochlorococcus. In
contrast, Bacillus, Brevibacillus, Saphylococcus, Halomonas, Prochlorococcus,
Rhodococcus, and Sediminibacterium were predominantly found in the control (without
starter inoculation). Virgibacillus sp. was predominant in thdrgibacillus sp. SK37-
inoculated samples throughout the course of feratem. Tetragenococcus was
predominant in fish sauce inoculated withhalophilus MS33 at 1, 2, 5, and 6 months. It

should be noted thatirgibacillus was predominant in the fish sauce inoculated waah
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culture should be noted th¥frgibacillus was predominant in the fish sauce inoculated
with co-cultures (MS33+SK37), bufetragenococcus was found in low population. In
contrast, fish sauce with sequential inoculatioK3% 1M+MS33) showed predominant

population ofTetragenococcus. The use of sequential inoculation can increasewal rate

of T. halophilus MS33.



APPENDIXES



APPENDIX A

Preparations of culture media
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1. Culture media

1.1 DeMan, Rogosar and Shar pe broth (MRS broth) containing 5 % NaCl

Peptone 10.0 g
Meat extract 10.0 g
Sodium chloride 50.00r 100.0 g
Y east extract 5.0 g
Dextrose or Glucose 20.0 g
di-Potassium hydrogen phosphate 2.0 g
Tween-80 1.0 ml
di-Ammonium hydrogen citrate 0.2 g
Sodium acetate 5.0 g
MgS0O,.7H0 0.20 g
MnS0O,4.4H,0 0.05 g
CaCOs 5.0 g
Sodium chloride 50.0 g
Agar 15.0 g
Add distilled water to bring volume up to 1,000.0 ml
pH 7.0

The medium was autoclaved at 115 °C for 10 min.

1.2 De Man, Rogosar and Sharpe agar (MRS agar) containing 5 % NaCl
The components were similar with MRS broth containing 0.5% CaCO; and
5 %NaCl with added 15.0 g/L agar. The medium was autoclaved at 115 °C for 10

min.



1.3JCM 168 agar
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The components were similar with JCM 168 broth with added 18.0 g/L agar. The

medium was autoclaved at 121 °C for 15 min.
Tween 80
Amino acid of each concentration (L-lysine, L-
histidine, L-tyrosine and L-ornithine)
Sodium acetate trihydrate
MgS0,.7H,0O
MnSO,.7H,0
FeSO,.7H,0
Sodium chloride
Add distilled water to bring volume up to
pH 7.0 + 0.2

The medium was autoclaved at 121 °C for 15 min.

1.4 Plate count agar (PCA) (Atlas and Parks, 1997)
Tryptone
Y east extract
Dextrose
Sodium chloride
Agar
Added distilled water and brought volume up to
pH 7.0+ 0.2

The medium was autoclaved at 121 °C for 15 min.

5.0 g

25 g

20 g
0.2 g
0.01 g
0.01 g
100.0 g

1,000.0 ml

5.0
2.5
1.0
100.0
150

1,000.0

ml
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1.5 Trypticase (tryptic) soy broth (T SB) (Atlas and Parks, 1997)

Tryptone (Pancresatic digest casein) 17.0 g

Phytone (Papaic digest soya meal) 3.0 g

Sodium chloride 5.0 g

di-Potassium hydrogen phosphate 2.5 g

Glucose 25 g

Added distilled water and brought volume up to 1,000.0 ml
pH 7.0+ 0.2

The medium was autoclaved at 121 °C for 15 min.

1.6 JCM 168 broth

Casamino acids 5.0
Y east extract 5.0
Sodium glutamate 1.0
tri-Sodium citrate 3.0
Potassium chloride 20
MgS0O,.7H0 20.0
Sodium chloride 50.0
FeCl,.4H,0 36.0
MnCl,.4H,0 0.36
Add distilled water to bring volume up to 1,000.0
pH 7.0 + 0.2

The medium was autoclaved at 121 °C for 15 min.



APPENDIX B

Deposition of internal transcribe spacer (ITS) in GenBank

(USA)
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Table 1B Internal transcribe spacer (ITS) of Tetragenococcus halophilus MS33 in
GenBank (U.S.A.).

Bacterial Internal Length of NCBI acession no.
strain transcribe spacer sequence (bp)
(1T
T.halophilus MS33 ITS1 468 KP638351
ITS2 599 KP638352
ITSA 538 KP638353

ITS6 660 KP638354




APPENDIX C

Volatile compound chromatograms of fish sauce
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Figure 1C Chromatograms of volatile compounds of control (&) and fish sauce

samples inoculated with Virgibacillus sp. SK37 (b) fermented for 6

months.
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Figure 2C Chromatograms of volatile compounds of fish sauce samples inoculated
with T. halophilus MS33 (c) and co-cultures (T. halophilus MS33 and
Virgibacillus sp. SK37, MS33+Sk37) (d) fermented for 6 months.
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Figure 3C Chromatograms of volatile compounds of fish sauce samples inocul ated
with sequential cultures (added Virgibacillus sp. SK37 for a month,
followed by T. halophilus MS33, SK37_1M+MS33) (e) fermented for 6
months.
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