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ABSTRACT

Kapi is a Thai fermented shrimp paste which is widely consumed as a
food condiment or flavoring in various Thai dishes. Generally, production of Kapi is
mainly by a natural fermentation process which causes variations in the quality of the
products. One effort that can be applied for improving the quality of Kapi is applying
starter culture. This present study deals with the isolation, screening, and identification
of protease- and lipase-producing bacteria from Kapi in conjunction with their
technological properties and safety assessment to be applied as an autochthonous starter
culture for Kapi production.

A total of 195 bacterial isolates exhibiting proteolytic activity on skim
milk agar plate were obtained. Five bacterial strains (MSK-3P, MSK-4P, MSK-5P,
MSK-7P, and MSK-10P) exhibited the high activity of protease (>5 U/mL) using
Anson method were selected to be investigated for their potential application as starter
culture. All the 5 strains were identified as Virgibacillus halodenitrificans by using 16S
rRNA sequence analysis. All selected strains exhibited growth in the presence of NaCl
up to 25%. Neither strains showed hemolytic activity nor biogenic amines (BAS)
formation. Among all selected strains, only strain MSK-10P had no ability to form a
biofilm, while other four strains showed a weak ability. Three strains, MSK-3P, MSK-
4P, and MSK-10P showed susceptibility to all antibiotics tested however, strain MSK-
7P exhibited multiple resistance to tetracyclin and vancomycin. According to the
obtained results, V. halodenitrificans MSK-10P was selected to be applied as the starter

culture for the production of Kapi.
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A total of 46 bacterial isolates showing lipolytic activity on agar plate
containing olive oil were selected. Among them, 4 selected bacterial strains, namely
LSM3, LSM4, LSM15, and LSM16 exhibited the highest lipase activity using copper
soap method were selected. Molecular identification by using 16S rRNA sequencing
and was also confirmed by specific primer for staphylococci revealed that all of them
were closely related to Staphylococcus sp. All of the selected isolates exhibited growth
in the presence of NaCl up to 20%. In addition, strains LSM3, LSM15, and LSM16
showed non-hemolytic activity (y-hemolysis), while all strains exhibited weak ability
in biofilm formation. Strains LSM4, LSM15, and LSM16 displayed antagonistic
activity toward only Gram-positive strains, Staphylococcus aureus DMST8840,
Bacillus cereus DMST5540, and Listeria monocytogenes DMST17303. The
antibacterial activity against tested Gram-positive bacteria came from bacteriocin-like
inhibitory substance (BLIS). Moreover, isolates LSM15 and LSM16 showed
susceptible to all tested antibiotics. Furthermore, classical staphylococcal enterotoxin
(SE) genes were not found in all strains. Therefore, isolate LSM16 which exhibited the
highest lipase activity was selected to be applied as the promising starter culture in the
production of Kapi.

The optimization study for protease production by V. halodenitrificans
MSK-10P was conducted by using -one-factor-at a-time- (OFAT) method. The
optimum protease production was obtained at temperature 37°C, pH 8.0, 1% (w/v)
casein as substrate, 10% (w/v) NaCl, 2.5% (v/v) of inoculum, and under agitation at
150 rpm. In addition, time course production showed that the highest protease
production was attained at 36 h of incubation which gave 3.83-fold increasing
production, from 9.47 U/mL to 36.32 U/mL. Moreover, crude protease from V.
halodenitrificans MSK-10P also showed halotolerance, since it can still active in 0-
25% (w/v) NacCl.

The lipase production by Staph. xylosus LSM16 was also optimized by
using OFAT method. The result showed that lipase production was optimum at
temperature 37°C, pH 7.0, 2% (w/v) olive oil, 10% (w/v) NaCl, 1.5% (v/v) of inoculum,
under agitation at 150 rpm. Time course study for lipase production showed that the

highest lipase production was achieved at 48 h, which gave 3.24-fold increasing of the
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lipase production from 0.67 U/mL to 2.27 U/mL. As obtained in stability study towards
salt condition, the crude lipase of Staph. xylosus LSM16 was found stable under 0-20%
(w/v) NaCl.

The application of protease-producing bacteria, V. halodenirificans
MSK-10P and lipase-producing bacteria, Staph. xylosus LSM16, was studied in the
Kapi production. Four treatments of Kapi production were performed: (i) natural
fermentation (as control, KC); (ii) inoculated with V. halodenitrificans MSK-10P (KP);
(iii) inoculated with S. xylosus LSM16 (KL); and (iv) inoculated with both selected
protease- and lipase-producing strain (KM). Physicochemical characteristic and
microbiological safety of the Kapi were investigated. It was found that all the Kapi
products inoculated with starter culture were meet the physicochemical characteristics
and microbiological safety required by Thai Industrial Standard (TIS) 1205/2006.
Moisture, salt, and total nitrogen content of Kapi products were in the range of 40.02-
42.73%, 40.01-42.79%, and 6.33-7.82%, respectively. Microbiological quality of all
finished Kapi product was also under limitations of criteria as regulated in TIS
1205/2006. In addition, none of the Kapi products contained the four important BAs
(histamine, tyramine, putrescine, and cadaverine) mainly obtained in seafood samples.
Moreover, sensory analysis also showed that all Kapi inoculated with starter culture
were well-accepted by panelists. These results provided that V. halodenitrificans MSK-
10P and Staph. xylosus LSM16 could be applied as promising strater cultures in the

production of Kapi.
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CHAPTER 1

INTRODUCTION

Introduction

Food fermentation undeniably implements a significant role in the food
industry today. Almost one-third of total food consumption worldwide is fermented
foods (Tamang and Kailasapathy, 2010). They are the hub where a group of indigenous
microorganisms presented naturally in raw materials or starter cultures which convert
the substrates into palatable foods accepted by the consumers (Holzapfel, 1997).

Fermented shrimp paste is one type of paste that is a popular food
seasoning for the Southeast-Asian people. Kapi is a Thai fermented shrimp paste which
is widely consumed as a food condiment or flavoring in various Thai dishes. Kapi is
made from tiny shrimp or krill with sea salt in various concentrations between 10-30%.
The mixture then was dried under the sunlight and fermented generally for several
months according to local producer’s recipes (Faithong and Benjakul, 2012). Other
countries in Southeast-Asia are also familiar with this shrimp paste as additional
popular ingredients in food. Various names of shrimp pastes in Southeast-Asia are
Bagoong (Philippiness), Belacan (Malaysia), Mam tém (Vietnam), Ngapi-yay
(Myanmar), and Terasi (Indonesia) (Hajeb and Jinap, 2012).

In general, production of Kapi is mainly by a natural fermentation
process. This causes variations in the quality of the products. This spontaneous
fermentation shows a large diversity of microorganisms. Variations of these
microorganisms will cause a high probability of finding pathogenic microbes and toxic
products. This certainly greatly affects the hygienic quality produced by Kapi so that it
can endanger human’s health.

Several factors that can affect the quality of the Kapi products are the
type of shrimp used, the concentration of salt used, and the duration of fermentation

(Prapasuwannakul and Suwannahong, 2015). Some researchers reported that those



variations noticeable the quality of Kapi. Wattanakul et al. (2011) found that most of
30 samples sold in Songkhla, Trang, and Pattalung provinces were not meet the quality
requirement by Thai Industrial Standard (T1S) 1080-2535. Meanwhile, Pongsetkul et
al. (2014) found that 11 samples from various locations and producers in Thailand
showed various characteristics of proximate compositions, salt content, Aw, and pH. In
addition, Kapi produced in less than 1 month would result in low-grade quality
(Phitakphol and Kasetsat, 1995), while prolonged the fermentation time over 5 months
cause not only the decreasing of amino nitrogen but also the increasing of ammonia
level (Prapasuwannakul and Suwannahong, 2015).

One effort that can be applied for improving the quality of fermented
food is applying starter cultures. By controlling food fermentation using starter cultures,
it is expected that the domination of the original microflora could be achieved so that
the fermentation can be expected to the desired attributes of the matrix and ensuring the
nutritional quality and safety of foodstuffs as well. Therefore, the quality of fermented
food can increase and meet the quality standards required by the regulation (Capozzi et
al., 2017; Marco et al., 2017).

Preferably the starter culture used in food fermentation is the microbes
which were selected and isolated from microflora contained in that fermented food
because they would be able to adapt well to the conditions and environment in the
fermentation process (Rebecchi et al., 1998; Babic et al, 2011). In addition, those starter
cultures were considered could dominate other microbiota in the fermentation process
because they have special metabolic abilities (Leroy et al., 2006). In fact, many
microorganisms have been found in various fermented shrimp pastes by many
researchers. Those microorganisms mostly identified as halo-tolerant and halophilic
species belong to genera: Bacillus, Lentibacillus, Oceanobacillus, Salinicoccus,
Staphylococcus, Tetragenococcus, and Virgibacillus (Kobayashi et al., 2003; Pakdeeto
et al., 2007; Namwong et al., 2009; Chuon et al., 2014; Daroonpunt et al., 2016).
Nevertheless, none of the bacteria mentioned above have been characterized and

applied as starter cultures in the fermented shrimp paste production.



The application of starter culture to improve the seafood fermentation
process has been widely reported. Most of the starter cultures reported in seafood
fermentation were protease-producing bacteria. Virgibacillus sp. SK 33, Virgibacillus
sp. SK37 and Staphylococcus sp. SK1-1-5 possessed proteinase activity has been
applied as the starter cultures in fish sauce production (Yongsawatdigul et al., 2007)
which contributed to reducing the fish sauce fermentation from 12 months to 4 months.
Another report by Udomsil et al. (2011) who investigated that application of
Tetragenococcus halophilus, isolated from fish sauce fermentation can also shorten the
fermentation time to be 6 months. However, very few reports available for the
application of protease-producing bacteria as starter culture in the production of
fermented shrimp paste.

Lipase-producing bacteria were widely reported applied in the dairy and
meat fermentation. The presence of coagulase negative staphylococci (CNS), such as
Staph. carnosus, Staph. equorum, and Staph. xylosus, which possessed the lipolytic
enzymes, has been reported to be positively contributed in the generation of specific
flavor and aroma in the dairy and meat fermentation (Irlinger, 2008; Rantsiou et al.,
2005; Essid and Hassouna, 2013; Landeta et al., 2013). Nevertheless, the possibility in
application of lipase-producing bacteria in fishery and shrimp paste fermentation have
been scarcely reported.

Before the application of the selected strain as a starter culture, the
evaluation of its technological properties and safety-related attributes should be
performed primarily. The final product should also be analyzed for its physicochemical
characteristics, its safety, and its acceptance by the consumer. Therefore, this study
dealed with the selection, evaluation, analysis, and application of the protease- and

lipase-producing bacteria as promising starter culture in the Kapi production.
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1. Fermented shrimp paste

Fermented shrimp paste is a popular food condiment in many of
Southeast-Asia dishes. Shrimp paste is known by different name according to the
country, such as Bagoong (Philippiness), Belacan (Malaysia), Kapi (Thailand), Mam
tom (Vietnam), Ngapi-yay (Myanmar), and Terasi (Indonesia) (Hajeb and Jinap, 2012).
Mostly the shrimp paste was made from tiny shrimp or krill species, Acetes sp. or
Mesopodopsis sp. Traditionally, in the Kapi production, the shrimp or krill mixed with
a ratio salt to shrimp of 1:3-1:5, after which the mixture is sun-dried to obtain lower
moisture content. The compacted paste then allowed to ripen until 3 months or more
(Faithong et al., 2010). The final product of Kapi has pinkish to dark brownish color
and varies from soft to hard solid paste (Phitakphol, 1993). Variations in type of shrimp
raw material, the concentration of added salt, and the length of fermentation process
causes the variety in characteristics and properties of the shrimp paste product (Peralta
et al., 2008).

A regulation concerning the quality standard characteristics of Kapi
product has been released by Thai Industrial Standard (TI1S) is summarized in Table 1
below. Several researchers have been studied the characteristics and properties of Kapi
product originated from various regions of Thailand (Table 2). However, it can be seen
from the Table 2 that most of the Kapi product commercially available is below the TIS

regulation.



Table 1. Parameter quality standard for Kapi (T1S 1205-2546)

Parameter Standard
Microbiology standard
Coliform bacteria (MPN/qg) <3
Fecal coliform (MPN/g) -
Eschericia coli (MPN/g) -
Staphylococcus aureus /0.1 g None
Clostridium perfringens /0.01 ¢ None
Salmonella Typhimurium /25 g None
Vibrio parahaemolyticus /0.1 g -
Total plate count (CFU/g) <1 x10°
Yeast and mold (CFU/q) <50
Physicochemical standard
Moisture <45%
pH 6.5-7.8
Salt content >36%
Total nitrogen > 5.8%




Table 2. Physicochemical characteristics of Kapi available commercially throughout local markets in Thailand.

Moisture Protein Fat Carbohydrate Salt
Samples Aw pH Reference
(%) (%) (%) (%) (%)
Kapi Trang 43.33£6.97  22.62+11.31 n.d.s n.d. 11.95+1.03 0.73£0.02  6.73+0.22 Wattanakul et al.,
2011
Kapi Satun 35.36 £0.81 24.07+0.34 1.76 £ 0.07 14.7 £ 0.53 19.76 £ 0.21 0.669 £ 0.00 7.94 +0.01 Pongsetkul et al.,
(37.23+0.52)* (2.72+0.11) (22.75+0.61) (30.57 +0.30) 2014
Kapi Ranong 47.65+0.18 21.86 +0.09 133+0.15 4.7+0.12 19.65+ 0.03 0.732£0.00 8.14 +0.13 Pongsetkul et al.,
(41.76 £0.16) (2.54+0.28) (8.97+£0.38) (30.41 £ 0.05) 2014
Kapi Krabi 47.75+0.12 24.69+01e 1.28+0.10 5.75+0.19 17.23+0.100 0.734+£0.00 8.03+0.12 Pongsetkul et al.,
(47.26 £0.18) (2.46+0.20) (10.99+0.32) (26.65+015) 2014
Kapi 40.73+0.07 25.23+0.07 1.45+0.06 2.91+0.18 22.93+0.15 0.712£0.00 7.97 +0.03 Pongsetkul et al.,
Songkhla (4257+0.12) (2.45+0.10) (4.90+0.28) (35.47 £ 0.23) 2014
Kapi Rayong 38.23+0.48 29.77 +£0.05 140+010 7.07%0.21 19.50+0.17 0.695+0.00 7.02+0.19 Pongsetkul et al.,
(48.19+0.08) (2.27+0.16) (11.45+0.17) (30.17 +0.26) 2014
Kapi 33.79+£0.17 28.56+0.01 1.36 £ 0.02 13.91+0.15 17.49+0.26 0.705+0.00 7.59 +0.03 Pongsetkul et al.,
Chachoengsao (43.14+0.02) (2.06+0.03) (20.99+0.04) (27.05%0.41) 2014




Table 2. (Cont.)

) Protein Fat Carbohydrate  Salt Reference
Samples Moisture (%) Aw pH
(%) (%) (%) (%)

Kapi Samut 46.68+0.30 21.5+0.34 1.06+0.08 8.57+0.48 22.38+0.85 0.73+0.004  7.31+£0.03  Prapasuwannakul

Songkram (40.34+0.52) (1.99+0.19) (16.07£0.86)  (41.97+1.25) and Suwannahong,
2015

Kapi Ta Dam n.d. 29.940.2 2.1+0.0 18.4 13.0£0.1 0.62-0.63 7.2-7.3 Kleekayai et al.,
2015

Kapi TaDeang n.d. 27.0£0.4 2.910.0 16.5 14.7+0.2 0.62-0.63 7.2-14 Kleekayai et al.,

2015

an.d.: not determined

b Numbers in parentheses show the value on dry basis.



2. Halophile microrganisms
2.1  Definition of halophilic microorgnisms

Although salt is required in all life forms, halophiles (comes from the
Greek, hal, which means salt, and philos, which means loving) were distinguished
according to their requirements of salt concentration. At first, Kushner et al. (1978)
classified halophiles as follows: extreme halophile (grow optimally at 2.5-5.2 M salt),
moderate halophile (grow optimally at 0.5-2.5 M salt), and halotolerants, which are
able to optimally grow at high salt concentrations without any exact requirements of
salt to grow. Recently, DasSarma and DasSarma (2010) classified halophile
microorganisms as follows: (i) slight halophiles were grown optimally at 0.2-0.85 M
(1-5%) NacCl; (i) moderate halophiles were grown optimally at 0.85-3.4 M (5-20%);
and (iii) extreme halophiles were grown optimally at 3.4-5.1 M (20-30%) NaCl; while
non-halophiles were grown optimally in less than 0.2 M NaCl and halotolerant
microorganisms can grow either in the absence of salt or in high salt concentration.
However, there are no sharp limits concerning the minimum and maximum

concentration of salt needed by microorganisms to be able to grow optimally.

2.2  Adaptation of halophilic microorganisms

The growth and survival of bacteria during various salt condition
required crucial factors such as the cellular adaptation and osmotic adjustment to stress.
Halophilic microrganisms develop two different adaptive strategies to overcome the
osmotic pressure caused by the high salinity condition in their habitat. Extreme
halophilic bacteria adopt the salt-in mechanism by accumulating salt inside the cell. In
contrast, the moderate halophilic and halotolerant bacteria can grow optimally at low
salt conditions and the absence of salt, respectively. Moderate halophilic and
halotolerant bacteria often encounter variation of salt concentrations because of the
surrounding environment. Therefore, they implement numerous strategies to overcome
such variations of saline conditions (Tsuzuki et al., 2011). At the low salinity
conditions, the water will directly invade the cell, which will cause the cell respond
with fast evade of small solutes, thus releasing physical stress. While at the high salinity



conditions, fast discharged of water is counteract by an intensification of several
companionable solutes, such as glycine betaine, ectoine, proline, and trehalose
(Kramer, 2010).

Adaptation at the molecular level is brought through alterations in
protein sequences to sustain them in the extreme conditions of the environment (Tekaia
et al., 2002; Brocchieri, 2004; Nath et al., 2012). Analysis of the protein sequences
responsible for the stability and functioning of the halophilic proteins can lead to our
understanding of adaptation and help in protein engineering (Madigan and Marrs,
1997). Studies have indicated the importance of amino acid composition and dipeptide
composition, and physicochemical properties of the amino acid can distinguish the
halophilic proteins with reference to their non-halophilic counterparts (Ebrahimie et al.,
2011; Purohit and Singh, 2011; Zhang and Yi, 2013).

The halophilic bacteria that follow the “salt-out” strategy accumulate
high intracellular concentrations of the compatible solutes, which play a significant role
in halo adaptation, such as protectants of macromolecules, cells, tissues, and even
organs (Da Costa et al., 1998; Welsh, 2000). The term compatible solutes itself supports
the cell architecture without any detrimental effect (Brown, 1976; Da Costa et al.,
1998). Osmoregulation mechanisms have been reported in extreme halophiles, such as
Halobacterium salinarium (Leuko et al., 2009) and Haloferax volcanii (Bidle et al.,
2008), as well as in moderate halophiles, Halobacillus dabanensis (Feng et al., 2006),
Chromohalobacter salexigens (Oren et al., 2005), and Halomonas elongata (Canovas
et al., 2000). However, little is known about the proteins involved in osmoregulation of
halotolerant microorganisms. However, there are some studies on the molecular
mechanisms adapted by these microorganisms, such as Escherichia coli (Lamark et al.,
1994), Bacillus subtilis (Boch et al., 1996), B. stearothermophilus (Zhang et al., 2008),
Staph. xylosus (Rosenstein et al., 1999), Thalassospira (Lépez-L06pez et al., 2002), and
Marispirillum (Lai et al., 2009). Over the years, researchers have come to find
halotolerant bacteria fascinating because of their robust nature and application

prospects over a wide range of salinity (0%—25%) (Raval et al., 2018).
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2.3 Virgibacillus sp.

Virgibacillus firstly described by Heyndrickx et al. (1998) and further
developed by Heyrman et al. (2003). This endospore-spore forming, and aerobic genus
belong to the Bacillaceae family within the Firmicutes phylum. Nowadays,
Virgibacillus comprises 27 species which has legitimately scientific name and two other
species, proposed as 'V. zhanjiangensis' (Peng et al., 2009) and 'V. natachei' (Amziane
et al., 2013), but not published legitimately yet (Table 3). Other genera which are
phylogenetically related include Cerasibacillus, Lentibacillus, Oceanobacillus,
Ornithinibacillus, and Paucisalibacillus. Most of Virgibacillus species are found in
high salt environment, only few species are found in fermented foods, as can be seen in
the Table 3.

Several species of Virgibacillus has been reported involved in food
fermentation process. Two isolates namely Virgibacillus sp. SK33 and Virgibacillus sp.
SK37 which were isolated from nam-pla, a Thai fish sauce, have been reported as the
potential starter cultures in fish sauce production. The length of fish sauce production
inoculated with these starter cultures could be reduced from 12 months to be 4 months
(Sinsuwan et al., 2007; Yongsawatdigul et al., 2007). In addition, Guan et al. (2011)
reported that Virgibacillus sp. might be the principal participating group in Jeotgal (a
salted and fermented traditional Korean seafood) fermentation. Meanwhile, V.
halotolerans was isolated from cream-cheese preparation from dairy industry at
southern Germany (Seiler and Wenning, 2013).



Table 3. Strains, accession numbers of the 16S rRNA gene sequence and origin source of Virgibacillus species

Name of species

Accession number

Origin

Reference

. pantothenticus
. proomi

. carmonensis

. marismortui

. hecropolis

. salexigens

. halodenitrificans
. dokdonensis

. koreensis

. halophilus

. olivae

. chiguensis

. kekensis

. salaries

K < < <K K KKK KKK KKK KL

. arcticus

D16275
AJ012667
AJ316302
AJ009793
AJ315056
Y11603
AY543169
AY822043
AY616012
AB243851
DQ139839
EF101168
AY121439
AB197851
EF675742

Soil samples in Southern England
Soil samples in Southern England
Mural paintings in Spain

Dead Sea

Mural paintings in Spain

Solar salterns in Spain

Solar saltern in France

Dokdo Island in Korea

Yellow Sea in Korea

Field soil in Japan (Kakegawa)
Wastewater of olive processing in Spain
Salt field in Taiwan (Chigu)

Keke Salt Lake in North-West China
Salt crust from Tunisia

Canadian high Arctic

Heyndrickx et al., 1998
Heyndrickx et al., 1998
Heyrman et al., 2003
Heyrman et al., 2003
Heyrman et al., 2003
Heyrman et al., 2003
Yoon et al., 2004

Yoon et al., 2004

Lee et al., 2006

An et al., 2007
Quesada et al., 2007
Wang et al., 2008
Chen et al., 2008

Hua et al., 2008
Niederberger et al., 2009

1T



Table 3. (Cont.)

Name of species

Accession number

Origin

Reference

V. litoralis

V. salinus

V. sediminis

. Xinjiangnensis
. zhanjiangensis
. byunsanensis
. siamensis

. Subterraneus

. alimentarius
soli

. albus

. campisalis

. halotolerans

<K < < K K K K K K < (<

. hatechei

FJ425909
FM205010
AY121430
DQ664543
FJ425904
FI357159
AB365482
FI746573
GU202420
EU213011
JQ680032
GU586225
HE577174
IX435821

Naozhou Island in South China Sea
Salt Lake in Mongolia

Keke Salt Lake in North-West China
Salt Lake in China (Xin-jiang province)
Naozhou Island in South China Sea
Yellow Sea in Korea

Fermented fish (pla-ra) in Thailand
Qaidam basin in China

Gizzard shad from Korea
Yang-Ming Mountain in Taiwan
Salt Lake in China (Lop Nur)

West coast of Korea

Babaria (Germany)

Salt Lake in Algeria

Chen et al., 2009
Carrasco et al., 2009
Chen et al., 2009

Jeon et al., 2009

Peng et al., 2009

Yoon et al., 2010
Tanasupawat et al., 2010
Wang et al., 2010
Kimetal., 2011
Kampfer et al., 2011
Zhang et al., 2012
Leeetal., 2012

Seiler and Wenning, 2013
Amziane et al., 2013

4"
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2.4  Staphylococcus sp.

Staphylococcus comes from the word staphyle, which means the group
of grapes and coccus means round seeds. These bacteria are often found as normal flora
in the skin and mucous membranes of humans, animals, as well as in food, beverage,
and environment (Kloos et al., 1992; Place et al., 2002; Gotz et al., 2006). Based on
several molecular methods, the genus Staphylococcus can be classified into 6 main
groups: Staph. aureus group, Staph. epidermidis group, Staph. saprophyticus group,
Staph. intermedius group, Staph. sciuri group, and Staph. simulans group (Kloos et al.,
1992; Gotz et al., 2006). Currently, genus Staphylococcus comprises around 47
identifiable valid species (DSMZ, 2015) which were fall into 6 groups aforementioned.

Staphylococcus is a Gram-positive, which cells arrangement might be
single, pair, tetrad, or like a grape (irregular clusters), non-motile, non-endospore
forming, catalase positive, easy to grow on various media, its metabolism is active, and
producing pigments that vary from white to dark yellow. Most of Staphylococcus
species are facultative anaerobe, where some shows better growth in aerobic condition
than anaerobic condition. In addition, most of Staphylococcus grow well around neutral
pH, some are mesophilic (20-40°C), and showed halotolerance (grow well at 10 %
NaCl) (Kloos et al., 2001).

Several strains of Staphylococcus have been widely found in fermented
foods. Some important members of Staphylococcus involved in food fermentations are
as follows:

- Staph. nepalensis, isolated from mackerel fish sauce, able to improve fish sauce
odor (Fukami et al., 2004). This strain grows well at 10% NaCl with optimum
temperature at 30°C (Fukami et al., 2004; Spergser et al., 2003).

- Staph. carnosus, isolated from fermented sausages and cured ham played
significant role on the meat’s flavor formation (Kloos and Wolfshohl, 1991;
Hammes and Knauf, 1994). Staph. carnosus also involved in fermented fish and
soy sauces in Asia (Tanasupawat et al., 1991). It grows well at 6-15 % NaCl,

pH range of 6.8-9.0, and temperature range is 18-42°C (Kloos et al., 2001).
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- Staph. piscifermentans, isolated from Thai fermented fish product. It grows well
at pH 6.8-9.0, 6-15% NaCl, and optimum temperature 42-45°C (Tanasupawat
etal., 1992).

- Staph. saprophyticus, can be found in raw beef and pork, dairy product, cheese,
dry fermented sausages, also in food utensils used in food processing (Rall et
al., 2010; Coton et al., 2010; Soares et al., 2011). It grows well at pH 5.0-6.8,
20-40°C, and 0-15% NaCl (Schleifer and Kloos, 1975).

- Staph. xylosus, widely isolated from fermented meat and its derivatives, low-
salt fermented fish, and fermented fish sauce (Yongsawatdigul et al., 2007;
Jeong et al., 2016; Chen et al., 2017). It grows well at pH 4.9-7.0, 20-40°C, and
0-15% NaCl (Schleifer and Kloos, 1975).

3. Protease

Protease is a class of hydrolase enzyme which cleavage proteins into
simpler molecules, such as oligopeptides or amino acids, by hydrolyzing the peptide
bonds. This enzyme is important for all living things since it is essential in the
metabolism of proteins, hormons, and neurotransmitters (Adler-Nissen, 1993; Poliana
et al., 2007).

International Union of Biochemistry and Molecular Biology (IUBMB)
classified proteases into subgroup 4 of group 3 (hydrolases). The EC divides proteases
into exopeptidase groups (3.4.11-19) and endopeptidase (3.4.21-24). Exopeptidase
works by hydrolyzing the release of a single amino acid at the N or C end, whereas
endopeptidase acts on a specific polypeptide chain in a peptide bond. The
endopeptidase group consists of serine protease (EC 3.4.21), cysteine protease (EC
3.4.22), aspartate protease (3.4.23), and metalloprotease (EC 3.4.24). On the active side
of these enzymes are serine, cysteine, aspartic acid, and metal atom, respectively.
Exopeptidases group divided into three subgroups, aminopeptidase, carboxypeptidase,
and omega peptidase groups. Aminopeptidases attack the N-terminal group in the
polypeptide chain to release amino acid residues. On the other hand, carboxypeptidases
attack the C-terminal group of the polypeptide chain to release amino acids. Some

mechanisms of protease hydrolysis are shown in Figure 1.
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Figure 1. Four mechanistic variations of protease to activate a peptide bond for
hydrolysis, by: a. Serin protease; b. cystein protease; c. aspartic protease; d.

metalloprotease (Evans and Cravatt, 2006).

Microbial proteases naturally extracellular and directly produced in the
medium of fermentation. Prominently genus Bacillus are the most dominant source of

alkaline protease producers. Numerous Bacillus species from many different exotic
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environments have been explored and exploited for alkaline protease production but
most potential alkaline protease producing bacilli are strains of B. licheniformis, B.
subtilis, B. amyloliquifaciens, and B. mojavensis (Rao et al., 1998; Gupta et al., 2002).
Bacterial alkaline proteases are characterized by their high activity at alkaline pH, e.g.,
pH 10, and their broad substrate specificity (Rao et al., 1998).

4. Lipase

Lipases (E.C. 3.1.1.3) are enzymes which catalyze the hydrolysis
reaction of insoluble acylglycerols, different with esterases whose substrates are soluble
acylglycerols (Jaeger et al., 1999). Lipases from different origins have similarity in its
structure. Briefly, lipases are p—hydrolase with parallel B—strands as a core which is
surrounded by a-helices (Figure 2). The catalytic triad was located in their core mixed
B—sheet. The catalytic triad was composed of serine, histidine and aspartate or
glutamate residues. Almost all lipases have a coverlid which comprises of amphiphilic
peptide loop with the function to conceal the active site when in condition of inactive
state. At the water-lipid interface, the lid undertakes a conformational change which
may cause the substrates access the active site. This can be observed when lipase
activity sharply increased if the substrate concentration is in emulsion form (Ollis et al.,
1992; Jaeger et al., 1999).
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Figure 2. The canonical structure of the o/B hydrolase fold in lipase. a-Helices are

represented by cylinders and [3-sheets by arrows (Ollis et al., 1992, Jaeger et al., 1999).

Mechanism of lipase catalysis is depicted in Figure 3. The catalysis is
carried out in three steps. Initially, the lipid substrate was bind and the serine residue
was activated by neighboring histidine, then the carbonyl group of substrates was attack
by the nucleophile oxygen atom of serine (Figure 3a). This mechanism leads to the
second step, the transient acyl enzyme formation which was stabilized by an oxyanion
hole and alcohol releasing from the substrate (Figure 3b). In the final step, an incoming
water molecule attacked the carbonyl atom which attached to the serine, then the release
of acyl product was induced, and the catalytic site was regenerated as well (Figure 3c)
(Reis et al., 2009).
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Figure 3. Mechanism of lipase catalysis (Reis et al., 2009).

5. Optimization of enzyme production

18

In the process of producing enzymes using microorganisms, the steps

that need to be considered include the selection of strains and regulation of process

conditions.

Consideration of the use of microorganisms as a source of enzyme

production, are:

1. Normally has a high specific activity per unit of product dry weight

2. There are no seasonal fluctuations, and there is no possibility of food shortages

due to climate change

3. Broader characteristics of microorganism coverage, such as pH coverage, and

temperature resistance

4. The genetic industry greatly increases rapidly, allowing optimization of yields

and types of enzymes through strain selection, mutation, induction and selection

of growth conditions
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Production optimization needs to be done to maximize the value of
protease enzyme production. Optimization with conventional methods takes a long time
and is very expensive (Vohra and Satyanarayana, 2002). In using conventional methods
in a single experiment, only one variable is varied so that one variable with another
variable is not clearly known. Each variable is assumed to be independent of each other
S0 it is necessary to do many tests in stages and there will be many variables studied
during the production process (EI Enshasy et al., 2008). The optimization process
normally requires a long time with expensive costs (Saravanakumar et al., 2010).

Several process conditions that must be optimized to gain the highest
enzyme production are as follows:

- Media composition. The composition of the selected media must be sufficient
to meet the nutritional needs that function as a food source for microorganisms.

- Inducer. Inducer is a substance that can stimulate the work of microorganisms
to produce a particular enzyme. To produce lipase enzymes, inducers are usually
used in connection with oils, fats, or fatty acids, such as palm oil.

- pH and temperature. The growth of microorganisms is influenced by pH, and
usually the optimum pH of cell growth is different from the optimum pH of
enzyme activity (Tambun, 2002). Enzymatic reactions are strongly influenced
by temperature. Temperature can determine the maximum activity of an
enzyme. The optimum temperature depends on the type of enzyme, the
composition of the liquid, and the duration of the experiment.

- Agitation and stirring. Agitation functions to supply oxygen for cell growth,

while stirring acts to make the fermentation mixture homogeneous.

6. Functional properties and safety aspects of starter culture

The principal considerations in the use of starter culture at traditional
small-scale fermentation are whether this will make a significant contribution on: (i)
improving processing conditions and product quality (more faster or accelerated
fermentation processes); (ii) indicating more predictable of the fermentation process;
(iii) generating more desirable of the sensory attributes; (iv) reducing the hygienic and

toxicological risk (Holzapfel, 2002). Therefore, several functional properties and safety
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attributes must be considered with and investigated first before applying the starter

culture into the food fermentation process.

6.1  Antimicrobial activity

The antimicrobial activity against pathogenic bacteria or food-borne
pathogenic is one important functional characteristics of starter cultures. Many lactic
acid bacteria (LAB), staphylococci and enterococci, have been screened for the
antagonistic activity towards several common pathogenic microorganisms. The
production of metabolites such as diacetyl, acetaldehyde, hydrogen peroxide, organic
acids (lactic and acetic), and bacteriocins, strongly affected the antagonistic activity of
most starter cultures (Suskovic et al., 2010). Two main groups of antimicrobial
substances were low molecular mass substances (<1000 Da) and high molecular mass
(>1000 Da), including bacteriocins (Collins et al., 2009).

6.1.1 Low molecular mass antimicrobials

The antimicrobial substances of LAB are deposited depend on the
species, the environment, and the growth medium. The main low molecular mass
metabolites are:

(i) organic acids — the antagonistic activity of this substances mostly because of the
diffusion across cell membrane of the undissociated form of the molecule which
subsequently hinders the crucial metabolic functions. The affected conditions
including the fluctuations of cellular pH and membrane potential (Lorca and de
Valdez, 2009).

(i) hydrogen peroxide — the inhibitory effect of hydrogen peroxide is mainly caused
by its powerful oxidizing impact to the cell which could lead protein denaturation
(Lindgren and Dobrogosz, 1990).

(iii) diacetyl, acetaldehide, and acetoin — these compounds mostly cause the growth
of contaminants, jointly with other antimicrobial substances (Vanderbergh,
1993).
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(iv) carbon dioxide — CO; antimicrobial activity is attributed to its inhibition on
enzymatic decarboxylations and to its influence on membrane permeability
(Lorca and de Valdez, 2009).

(v) reuterin and reutericyclin — both metabolites inhibit Gram-positive bacteria,
while the latter has a broader spectrum, including Gram-negative bacteria, fungi
and protozoa (Kuleasan and Cakmakgi, 2002; Ganzle and VVogel, 2003).

(vi) other low molecular mass antimicrobials — including phenyllactic acid, hydroxy
fatty acids, benzoic acid, methylhydantoin and mevalonolactone, which can
inhibit Gram-positive and Gram-negative bacteria, moulds and yeasts (Suskovic
et al., 2010).

6.1.2 High molecular mass antimicrobials

High molecular mass of antimicrobials mostly are proteinaceous
substances with narrow-spectrum or broad-spectrum bactericidal activity, defined as
bacteriocins. The bacteriocin can be divided into 3 or 4 classes: (i) class I including
lantibiotics and lanthionine-containing single- and two-peptide which affect post-
translational modification; (ii) class Il, including non-lanthionine bacteriocins, which
divided into class lla (pediocins-like), class Ilb (two-peptide bacteriocins), class llc
(circular bacteriocins), and class I1d (lactococcin-like); and (iii) class I11 (bacteriolysins,
Iytic proteins, and often murein hydrolases). Some authors also proposed (iv) class IV
bacteriocins that require other primary metabolites such as lipid and carbohydrate for
their activity (Table 4).



Table 4. Classification and characteristics of bacteriocins
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Classification

Main characteristics

Examples

Class |

Lantibiotics or lanthionine-

containing bacteriocins
subdivided into:
type A lantibiotics

type B lantibiotics

small (<5 kDa) active peptides
containing atypical amino acids:

— long peptides with positive
charge

—smaller peptide with negative
or no net charge

nisin, lactocin S

mersacidin

Class Il

non-lanthionine-
bacteriocins:

small (10 kDa) and heat-stable
post-translation unmodified non-

lantibiotics

subclass lla pediocin-like pediocin PA1, sakacin A,
leucocin A

subclass 11b two-peptide lactococcin G, lactacin F,
plantaricin A

subclass lic circular bacteriocins acidocin B, enterocin P,
reuterin G

subclass I1d lactococcin-like nukacin

Class Ill

Bacteriolysins

Large (>30 kDa) and heat-labile,
with function to lyse the
susceptible cells by catalyzing
the hydrolysis of cell wall

enterolysin A, helveticin
J, helveticin V-1829,
lysostaphin

Class IV

Others

complex bacteriocins
carrying lipid or carbohydrate
moieties

lactocin 27, leuconocin
S, pediocin SJ1,
plantaricin S

Source: Suskovic (2010).

Bacteriocins activity is generally targeted against low G+C Gram-

positive bacteria. Several mechanism activities of bacteriocins have been revealed, such

as inflection of enzyme activity, inhibition, or development of cell membrane pores.
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Bacteriocins can associate with abundant anionic lipids present in the membranes, thus
stimulate the pores development in membrane cells (Moll et al., 1999). However, the
generalization of membrane disturbance patterns cannot sufficiently explain the
mechanism activity of bacteriocins. Instead, particular objects appear participating in

the pore development and other activities (Hechard and Sahl, 2002).

6.2  Hemolytic activity

Among the various determinants of pathogenicity possessed by a
microorganism, hemolytic activity often acts as an initial factor for determining
whether there is a pathogenicity of a microorganism in terms of laboratory
identification. Hemolysis is the process of breaking down blood cell membranes caused
by hemolysin protein. Hemolysis can carry out by two circumstances, intravascular or
extravascular process. In the intravascular mechanism, the red blood cells (RBC) were
destructed by complement lysis, which usually by immunoglobulin M (IgM), whereas
in the second mechanism, the RBC were destructed by immune cells which recognized
immunoglobulin G (IgG). The rupture of blood cell membrane causes the release of
hemoglobin outside from red blood cells (Flegel, 2015; Rajkumar et al., 2016).

Diverse types of bacteria possessed several types of hemolytic proteins.
These proteins act by integrating themselves with the RBC membrane or making holes
at the membrane so that the structure of the membrane cell is disrupted. So far, there
are three types of hemolytic proteins as follows: (i) B-hemolysin, shows digestion of
lysis and a clear zone will appear around the colony; (ii) a-hemolysin, shows only
partially lysing hemoglobin and green zone visible around the colony; (iii) y-hemolysin
(or non-hemolytic) refers to the absence of hemolytic activity (Oh and Jung, 2015).

6.3  Biofilm formation ability
Bacterial biofilm, as a sessile life form, ensures existence of bacterial
life forms and it is a dominant phenotype in the nature over the free floating, planktonic
form (Hallstoodley and Stoodley, 2005). Biofilm formation (Figure 4) is regulated by
different genetic and environmental factors. The mechanism of biofilm formation

mainly following four steps as follows: (i) attachment of the bacterial cells; (ii)
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formation of the microcolony; (iii) maturation of the biofilm; and (iv) detachment. The
inaugural step in forming biofilm relies upon the contact between the environment
changes and the signaling regulation of bacteria. This attachment mainly affected by
the properties of the surface to be attached. Following the attachment, the microcolony
will be formed between the bacterial cell and others on the surface of, for example the
humid food or the apparatus used in the food processing. Afterwards, maturation of the
biofilm including its formation architecture, is regulated by several adhesive factors,
such as accumulation-associated protein (Aap), eDNA, and polysaccharide intercellular
adhesion (PIA). The dispersion of biofilm may occur if disruptive factors are added.
The last stages which is detachment process can be carried out by the unstable
environment, such as the reaction between the various enzymes with the
exopolysaccharides (EPSs). This bacterial biofilm formation can be seen in Figure 4
(Zhao et al., 2017).

Maturation Detachment

<«—> Adhesive factors
PIA, eDNA and Aap

<—> Adhesive factors
Proteases and Nucleases

¢
CQ g @ Attachment

Figure 4. Biofilm formation (Zhao et al., 2017).

6.4  Antibiotic susceptibility
Conducting the antibiotic susceptibility test is crucial to validate a
microorganism prior to be used in many applications related with human and animal
purposes. Antibiotic susceptibility test also can give suitable results about antibiotics

resistance of microorganisms so that it can be a good guidance for physicians or
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researchers in the selection of the proper and effective microorganisms or the antibiotics
to be applied (Atsbaha et al., 2017).

6.4.1 Development of antibiotic resistance in bacteria

The resistances of bacteria to antibiotics were probably developed ever
since the clinical applications of antibiotics itself, when bacteria could adapt themselves
and grow well even in the existence of the antibiotics (WHO, 2015). Two main factors,
the existence of resistance genes and the improper use of antibiotics, were accountable
for the development of antibiotic resistance in bacteria (Levy, 1998). Antibiotic
resistance can be divided into two main types, intrinsic and acquired resistance.
Intrinsic resistance could happen because of a certain inherent characteristic possessed
by the bacteria. This intrinsic resistance is not harmful for non-pathogenic bacteria. On
the other hand, acquired resistance might horizontally transferred among resistance
bacteria to non-resistance bacteria. This acquired resistance could be exist through
mutations or acquisition of genes encoding the bacterial resistance mechanism. This
genetic change might modify the self-protective function of the bacteria become
devastated. In addition, environmental changes, such as radiation effect and pH change,
can also contribute to antibiotic resistances in bacteria (Poole, 2001; Davies and Davies,
2010).

The general mechanisms of bacterial resistances to antibiotics including
target modification, efflux, immunity and bypass, and enzyme-catalyzed destruction
(Figure 5). Target modification can occur through mutation of the targets themselves.
Efflux can carry out by a group of protein pumps which expel the antibiotics outside
from the cell. Immunity occurs when the antibiotics are bound by the proteins which
subsequently cause the antibiotics cannot bind to its target. Enzyme-catalyzed
destruction is recognized as the most specific mechanism in bacterial antibiotic
resistance. In this mechanism, the enzyme recognized certain part of antibiotics and
alter the interaction ability between the antibiotics and its target. For example, B-
lactamase recognized and hydrolyzed the B-lactam ring of antibiotics so that the
antibiotics cannot function properly (Wright, 2010).
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Antibiotic Targets  Antibiotic Resistance .

Cell Wall Fluoroquinolones
p-lactams Aminoglycosides
Vancomycin \ — — Tetracyclines
== B-lactams
Macrolides

DNA/RNA Synthesis
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Rifamycins

Immunity
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Trimethoprim
Sulfonamides
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Target Modification

Folate Synthesi 3
Fluoroquinolones

Trimethoprim
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Penicillins
Cell Membrane Protein Synthesis Inactivating Enzymes Macrolides
Daptomycin Linezolid p-lactams Aminoglycosides
Tetracyclines Aminoglycosides
Macrolides Macrolides
Aminoglycosides Rifamycins

Figure 5. Targets of antibiotics and mechanism of antibiotic resistency (Wright, 2010).

6.4.2 Antibiotic resistance in bacteria isolated from foods

The World Health Organization (WHO) indicated that the world had
reached a critical point due to the level of resistance of microorganisms to drugs used
in treating several common infectious diseases (WHO, 2001). This antibacterial
resistance may cause many advanced and life-threatening human infections. There has
been a lot of literature that shows that many problems of infectious diseases throughout
the world are caused by antimicrobial resistant bacteria and more virulent strains of
pathogenic microbes that have evolved. Some clinically important microorganisms that
have been able to develop resistance to available antimicrobials also include bacteria in

foodborne infections (Levy and Marshall, 2004).
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The commensal bacteria have been investigated by many researchers
that can be a possible threat in antibiotic resistance. This is because those commensal
bacteria can behave as a pool of similar antibiotic resistance genes in pathogenic
bacteria discovered in human body. This is somehow particularly important in
explaining of how antibiotic resistances are sustained and blowout throughout their
populations (Levy and Miller, 1989). In addition, the pool of the antibiotic resistance
bacteria can be discovered in many kinds of foods and beverages since they also contain
other non-pathogenic bacteria. This will cause the transferring of antibiotic resistance
genes of pathogenic bacteria to the non-pathogenic bacteria (Levy and Marshall, 2004).
Therefore, antibiotic-resistance bacteria can distribute to the populations of humans and
animals, through food consumption and the environment. This transmission is affected
by migration of human and animal (WHO, 2015). A figure depicting how the bacterial

antibiotics can spread from food and food environments can be seen in Figure 6.

Examples of How Antibiotic Resistance Spreads
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Simply using antibiotics creates resistance. These drugs should only be used to treat infections.

Figure 6. Examples of how antibiotic resistance spreads through food and environment
from and to human and animal (CDC, 2013).
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Temmerman et al. (2003) have investigated a total of 55 European
probiotic products according to the identity and the resistency to antibiotics of bacteria
isolated from the products. They have found that, among 236 isolates, 79% was
detected showed resistency to kanamycin, 65% to vancomycin, 26% to tetracycline,
23% to penicillin G, 16% to erythromycin, and 11% to chloramphenicol. In addition, a
total 68.4% of the isolates showed multiple resistance to antibiotics. Moreover,
Charteris et al. (1998) obtained that bifidobacterial probiotics have shown resistance to
colistin, fusidic acid, gentamycin, kanamycin, metronidazole, nalidixic acid,
norfloxacin, polymyxin B, streptomycin, trimethoprim, and vancomycin, which is most
likely to be intrinsic resistance, while susceptibility of these bifidobacterial proteins
were recognized to ampicillin, bacitracin, cephalosporin, chloramphenicol,
clindamycin, erythromycin, nitrofurantoin, penicillin G, and tetracycline. Several other
cases of antibiotics resistant bacteria were also detected in the food processing
environments such as in dust on farms (Chapin et al., 2005), in air streams inside and
outside of feeding places of pigs (Sapkota et al., 2007; Brooks and McLaughlin, 2009),
and soils under food crops, which fertilized manure containing antibiotics (Dolliver et
al., 2008).

6.4.3 Global action plan on antimicrobial resistance

Antimicrobial resistance (AMR), a broader problem of antibiotic
resistance, influences human health in all aspects and has severe impact on entire
society. AMR also affects global economy by economic shortfalls because of the
reduction of productivity by sickness and increased treatment cost (for both humans
and animals). In line with this, WHO sets out the global action plan on AMR with five
strategic objectives: (1) improving consciousness and understanding of AMR
throughout effective training, education, and communication; (2) strengthening the
knowledge throughout research and investigation; (3) reducing the number of infection
through hygiene and sanitation environment; (4) optimizing the utilization of antibiotics
for humans and animals health; (5) ensuring any sustainable investment for countering

AMR. By applying this approach, the effort to ensure the quality-assured, safely, and
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effectively treatment and prevention of various infectious diseases could be achieved
(WHO, 2015).

Meanwhile, before the implementation of global action plan on AMR
was announced by WHO, the European Union was established a qualified presumption
safety (QPS), in which all microorganisms intended to be applied to animal or human
must pass the safety assessment (Figure 7). In this assessment, all microorganisms
intended to be applied in human or veterinary importance must be initially determined
their susceptibility to antibiotics. An instrument for assessment of antibiotic
susceptibility is by the determination of minimum inhibitory concentration (MIC) of
the microorganism to the specified certain antibiotics. The MIC, which expressed as
mg/L or pug/mL was applied so that susceptibility or resistance of bacteria can be
determined. The level of susceptibility and resistance of a microorganism will be a
comparison between the MIC of the microorganism determined and the cut-off value
for each respective antibiotic. This cut-off value was determined by thorough research
based on data clinic, therapeutic indication, dosage, pharmacokinetics, and
pharmacodynamics, of the antibiotics (EFSA, 2014).



30

Taxonomy No
adequately defined
I Yes
Familirity
Yes / \ No
Is the proposed use similar to No Will the intended use mvolve
traditional use? P| direct exposure to humans/animals?
Yes | No
Yes
Are there known s there any carry over of potentially
pathogenic variants? harmful (undestrable) metabolites?
/ \ Yes / \ No
Can the Any other Canthe toxicitybe |y,  Auyother
pathogenicity be Yes | concems? (e excluded or eliminated or | | concems?(e.g.
exchidad? environment. are the levels of exposure environment,
- resistance) non-significant fesistance)
e D ﬁnaZl ?Y 5
No No No No € e!
Definable? Yes /
\ ' QPS
Not suitabl No Yes Not suitable X
0f sut ;S e QPS for QPS (within the
i application)

Figure 7. A general scheme for evaluating QPS status of microorganisms (EU, 2003).
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6.5  Biogenic amines

Biogenic amines (BAs) are low molecular weight organic bases, which
formed primarily by amino acids decarboxylation or by carbonyl compounds amination
and transamination. There are two main types of the chemical structure of important
BAs. The first group is aliphatic structure (putrescine, cadaverine, spermine,
spermidine), and the second is aromatic (tyramine, phenylethylamine) or heterocyclic
(histamine, tryptamine). Based on the number of amine groups, the BAs can be grouped
into mono amines (tyramine and phenylethylamine), diamines (cadaverine, histamine,
and putrescine) or poly amines (spermine and spermidine). These amines are
synthesized through the metabolism of microorganisms, plants, and animals (Brink et
al., 1990; Maijala et al., 1993).

A brief metabolic pathway of these BAs formation can be seen in Figure
8. Histidine decarboxylase converts histidine to histamine, while tyrosine
decarboxylase converts tyrosine to tyramine. In addition, lysine decarboxylase converts
lysine to cadaverine, while ornithine decarboxylase converts ornithine to putrescine.
Putrescine can also be formed by agmatine deiminase system in which arginine firstly
converted to agmatine and subsequently converted to putrescine. This polyamine
metabolism pathway also enabling formation of bigger BAs, such as from putrescine to
spermidine and by the sequential reaction of synthase, convert the spermidine to
spermine (Halasz et al., 1994; Bover-Cid and Holzapfel, 1999; Medina et al., 2003). Of

all BAs, histamine is the most significant amine and is thoroughly studied.
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Figure 8. A brief metabolic pathway of several important biogenic amines formation
in fish: (1) heterocyclic amine; (2) aliphatic amine; (3) aromatic amine (Halasz et al.,
1994).

6.5.1 Factors affecting decarboxylase activity

BAs in food can be controlled through rigorous and comprehensive
monitoring of good hygiene in the handling of raw material and manufacturing process
so that inhibiting the growth of destructive microorganisms. In fermented food

products, short fermentation times with application of active starter cultures compared
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to spontaneous fermentation will help in preventing the formation of toxic amines. It is
essentially to inhibit and prevent the decarboxylase activity of bacteria, since BAs are
formed by enzymatic activity of food or bacteria. The important conditions considering
formation of BAs in food by microorganisms are: the adequacy free amino acids, the
suitable conditions for microbial growth, and the presence of microorganisms as the
decarboxylase producers (Brink et al., 1990; Marklinder and Lonner, 1992).

Temperature was the most factor to be considered in decarboxylase
activity, since it is greatly affecting the formation of BAs in fish or seafood product.
The highest amount of histamine production is the synchronization work of the
production of histidine decarboxylation and the temperature optimum for histidine
decarboxylase activity by the bacteria (Mendes, 2009). The production of histamine
was insignificant above 50°C and below 0°C (Frank and Yoshinaga, 1984). The
maximum activity of histidine decarboxylase was obtained when the bacteria was
incubated around room temperature (25°C), while for mesophilics attained at 37°C and
psychrophilics at 20°C (Eittenmiller et al., 1981; Okuzumi et al., 1984). However, there
is still lots of argued about the temperature optimum for the production of BAs by
bacteria. Some studies have found optimum temperature for histamine production was
around 15-20°C (Yamanaka et al., 1984), while others reported around 30-38°C (Frank
et al., 1983; Pan, 1985).

6.5.2 Biogenic amines in fermented fish products

Generally, BAs can be likely to be produced from food or raw material
involved in which the conditions allowing decarboxylase activity of the
microorganisms. The origin and the microorganisms present are greatly affecting the
number of BAs produced (Brink et al., 1990).

BAs are widely exist in food and beverage products, such as fish, meat,
dairy, and vegetable (Brink et al., 1990). Several researches have been done to
investigate the content of BAs in seafood product, and it has been found that the levels
of the BAs can be varied greatly. Mizutani et al. (1992) could detect omithine, citrulline,
and histamine in fish sauce. Yankah et al (1993) studied the changing of nitrogenous

compounds throughout the processing of a Ghananian fermented fish. Some researchers
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studied about the level of BAs in anchovies and tuna, and they obtained high level of
BAs during the long manufacturing time which affect the bacterial growth responsible
in producing BAs (Silla Santos, 1996; Veciana Nogue et al., 1997). Auerswald et al
(2006) have found high levels of histidine in Scombroid fish (Thyrsites atun) which in
turn resulted the formation of histamine. Mohamed et al. (2009) investigated the BAs
content in Feseekh, an Egyptian salted-fermented fish, and they found that the level of
BAs was increased during processing and storaging. Meanwhile, Ezzat et al (2015),
detected high level of histamine in Javanese fermented fish, pekasam.

6.5.3 Safety aspects and regulatory issues for biogenic amines
production

BAs particularly influences various human’s physiological functions.
However, the toxic effect will arise if the high amount of BAs is consumed through the
contaminated food. The ingesting of food containing high amount of BAs could
potentially create histamine and tyramine poisoning, the two BAs possessed higher
toxicity compared to others (Chong et al., 2011). The histamine poisoning is known as
scromboid poisoning, because the symptoms are arised when people consumed spoiled
fish from Scombridae or Scombresocidae. Type of fishes include are skip jack, bonito,
mackerel, tuna, blue fish, and others (FDA, 2001). Other fishes often associated with
scromboid poisoning also included anchovy, amberjack, herring, marlin, western
Australian salmon, sockeye salmon, swordfish, and cape yellow tail (Price and Melvin,
1994). Indications of scombroid poisoning included itchy feelings around the mouth or
throat, irritations around upper body, headaches, respiratory disorders, diarrhea,
vomiting, nausea, and others. These symptoms initially occur within first few hours of
digestion until 12 h to a few days. The symptoms will become severe if higher amount
of poison was consumed, while individual sensitivity to histamine was also gave effect
(Lehane and Olley, 2000). Meanwhile, the toxicological effect of tyramine might result
in headache, nausea, migraine, vomiting, and hypertension (Ladero et al., 2010). Other
BAs, such as cadaverine, putrescine, spermidine, and spermine might not have
adversative health consequences, but occasionally they can trigger the formation of

nitrosoamines, the carcinogenic amines compounds (Onal et al., 2013). They can also
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trigger the toxicological effect of histamine by inhibiting the activity of diamine oxidase

and N-methyltransferase, so that the histamine can be released to the intestinal fluid

(Ibe et al., 1991). The oral toxicity level of tyramine, cadaverine, and putrescine, are

above 2000 ppm, while spermine and spermidine are greater than 600 ppm (Til et al.,

1997).

Currently, only histamine is already regulated by European Union (EU),

USA, and several countries for its maximum limits contained in food product because

it has the most toxicological effects for human being compared with other BAs. Table

5 shows some regulations already set by EU, USA, and other countries.

Table 5. Regulatory limits of histamine in seafood products

Country/Institution Limit

Reference

EU 1. Fishery products from fish species
associated with high amount of
histidine, n =9, ¢c =2, m =100
mg/kg, M = 200 mg/kg

2. Fishery products which have
undergone maturation treatment in
brine,n=9, ¢ =2, m = 200 mg/kg,
M = 400 mg/kg

USFDA 50 ppm (50 mg/kg)
Australia, Germany, 200 mg/kg

and New Zealand

Food Standard Codes

(FSC)

South Africa and Italy 100 mg/kg

EC, 2005

FDA, 2011
Ezzat et al., 2015

Ezzat et al., 2015

n number of units comprising the sample, ¢ number of sample units giving values over

m or between m and M
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7. Application of starter cultures in seafood fermentation

Most of the traditional fermented products in developing countries are
accounted as natural fermentations and are frequently produced in a non-controlled
condition. Traditional seafood fermentation is a low-cost preservation method;
moreover, it is often combined with the addition of salt or drying to reduce water
activity and eliminate putrefying microorganisms in seafood (Beddows, 1997). The risk
is that it is difficult to control the process and spoilage microorganisms can be
incorporated in the process leading to unsafe products (Battcock and Azam-Ali, 1998).
Nowadays, research done on fermented products is more into using starter cultures.

It has been proven that pure cultures isolated from a mixed population
of microorganisms in traditional fermented foods show a variety of metabolic activities
that vary greatly even among strains. The various metabolic activities include
differences in growth rates, adaptation to certain substrates, ability to reduce
antinutritionals, antimicrobial activities, attributes of taste and quality, as well as
competitive growth characteristics in mixed cultures (Holzapfel, 1997). Therefore,
single- and mixed-strain cultures to be used as starter cultures must be tested first on a
pilot scale, before being used in small scale operations.

Caplice and Fitzgerald (1999) explained that introducing starter cultures
is a good method to optimize the fermentation process. It improves the sensorial quality
and microbial stability of fermented food products. It had been noted to be of use in
important food groups like dairy products and fermented fruits, vegetables, meat, and
fish. Several basic criteria of a good starter for fermented products are ability to improve
the production process, enhance the sensorial characteristics of the final product and
increase food safety (Holzapfel, 2002; Tamang et al., 2016). Starters are produced
naturally from the original food product by keeping a sample from the previous
fermentation process or in a ready-to-use, highly concentrated commercial form
(Hansen, 2002). Though traditional producers of fermented products do not yet fully
grasp the technology, Hwanhlem et al. (2011) mentioned that starter cultures have been
used as a requirement to optimize small-scale fermentation processes in Thailand.

Application of starter culture to assist the seafood fermentation has been

reported. As reported by Yongsawatdigul et al. (2007), three strains possess proteinase
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activity, Virgibacillus sp. SK 33, Virgibacillus sp. SK37, and Staphylococcus sp. SK1-
1-5, have been applied as starter culture in the production of fish sauce. Udomsil et al.
(2011) also reported the application of Tetragenococcus halophilus in the fish sauce
fermentation. Meanwhile, Sarojnalini and Suchitra (2009) reported the application of
Bacillus sp. and Staphylococcus sp. in the production of fermented fish, Ngari.
Recently, Pongsetkul et al. (2018) reported the application of Bacillus sp. KC-3 as
starter culture in Kapi production. All the reports showed that the application of starter
cultures could result in the shorter time of fermentation process as well as the higher

quality of product and the overall sensory characteristics.
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Scope of the study

Fermented shrimp paste samples (Kapi) were collected from various
traditional producers in Songkhla Province, Thailand. The best strains of bacteria
isolated from shrimp paste samples exhibiting the highest activity of protease and lipase
were selected and identified. Technological and safety attributes of the selected strains
were also be investigated in order to obtain the safe strain. Strains exhibiting the safety
aspect were then be applied as starter cultures for producing Kapi. The physicochemical
characteristic and microbiological safety of the Kapi products were also investigated.

Objectives of the study

- To isolate, screen, and identify as well as characterize the best strain of
protease- and lipase- producing bacteria from Kapi

- To study functional properties and safety aspects of the selected strains

- To study the optimum condition of protease and lipase production from the
selected strains

- To apply the protease- and lipase-producing strains as starter culture for
shortening the production time and improving the quality of Kapi
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CHAPTER 2

Virgibacillus halodenitrificans MSK-10P, A POTENTIAL PROTEASE-
PRODUCING STARTER CULTURE FOR FERMENTED SHRIMP PASTE

(KAPI) PRODUCTION

Abstract

Fermented shrimp paste (Kapi) is traditionally produced using a high
content of salt and mainly consumed as a food condiment by the Thai people. In order
to select potential functional autochthonous starter culture, the protease-producing
bacteria from Kapi were isolated, screened, and evaluated for technological and safety
aspects. Among 195 isolates, five bacterial strains (MSK-3P, MSK-4P, MSK-5P,
MSK-7P, and MSK-10P) exhibited the highest activity of protease using Anson
method. All of them were identified as Virgibacillus halodenitrificans using 16S rRNA
sequence analysis. All selected strains exhibited growth in the presence of NaCl up to
25%. Neither strains showed hemolytic activity nor biogenic amine formation. Among
all selected strains, only strain MSK-10P had no ability to form a biofilm, while four
other strains showed a weak ability. Strain MSK-7P exhibited multiple resistances to
tetracycline and vancomycin, while strains MSK-3P, MSK-4P, and MSK-10P showed
susceptibility to all antibiotics tested. According to the obtained results, this protease-
producing V. halodenitrificans MSK-10P is a good candidate for further investigation
for use in Kapi fermentation to assess its technological performance as an

autochthonous starter culture.

Keywords: protease-producing bacteria, Kapi, Virgibacillus halodenitrificans, starter

culture, fermented shrimp paste
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2.1 Introduction

Undoubtedly, fermentation plays a significant role in food industry
today. Almost one-third of total food consumption worldwide is of fermented foods
(Borresen et al., 2012). They are derived when group of indigenous microorganisms
are presented naturally in raw materials or starter cultures to convert the substrates into
palatable foods accepted by consumers (Holzapfel, 1997). Kapi is a Thai traditional
fermented shrimp paste that is mainly consumed as a food condiment in many cuisines
of the Thai people. It is fermented naturally by mixing tiny marine shrimp (mostly from
Acetes sp.) and 10-30% (w/w) salt. The mixture then is dried under sunlight and
fermented for several months (~ 1-3 months) (Faithong et al., 2010). Some recipes
produce Kapi in less than 1 month, but these pastes are low-grade quality (Phithakpol,
1993). However, prolonging the fermentation time more than 5 months causes not only
the decrease of amino nitrogen but also increases the level of ammonia that is harmful
to human health (Prapasuwannakul and Suwannahong, 2015). As a result, variations in
raw materials, amount of salt, fermentation conditions, and the length of production
time affect the quality of Kapi. Therefore, the need for a method that will improve the
quality of Kapi is indispensable.

Controlling fermentation by using a starter culture could be the best
method to improve the quality of Kapi. Application of starter culture to improve the
fermentation process in fishery products has been widely reported. Protease-producing
bacteria such as Virgibacillus sp. SK 33, Virgibacillus sp. SK37, and Staphylococcus
sp. SK1-1-5 have been used in fish sauce production (Yongsawatdigul et al., 2007).
The application of these starter cultures could significantly reduce fermentation time
from 12 to only 4 months. The bacteria also increased the desirable volatile compounds
as well as the free amino acids content in the fish sauce product. Similarly, the
application of Tetragenococcus halophilus, isolated from fish sauce fermentation and
having proteinase activity, could increase the level of desired amino acid content and
the number of volatile compounds and reduce the content of biogenic amine (BA).
Addition of this starter culture also shortened the fermentation time to 6 months
(Udomesil et al., 2010).
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Recently, Bacillus spp. K-C3 was applied as a starter culture in the
production of Kapi (Pongsetkul et al., 2018). The starter was reported to accelerate the
fermentation process and produce Kapi with favorable characteristics. By means of
protease-producing bacteria, Kapi was produced within a shorter fermentation time,
which is commercially advantageous for the industry. However, prior to
implementation of starter culture in the fermentation process, a comprehensive
investigation must be conducted to determine the technological and safety attributes.
Accordingly, the present study deals with the isolation, screening, and identification of
protease-producing bacteria from Kapi production process as well as assessment of
their technological properties and safety of the chosen strain to be applied as an

autochthonous starter culture for Kapi production.

2.2 Materials and Methods
2.2.1 lsolation, screening, and identification of protease-producing

bacteria

2.2.1.1 Isolation and screening

Three Kapi samples were collected from various traditional producers in
Songkhla Province, Thailand. All Kapi samples were prepared by the local producers
using sea salt and tiny shrimp (Acetes sp.) with the ratio of 1:5 (Figure 9). The samples
were taken from three different time intervals within the first week of fermentation: (i)
day 1; (ii) day 3; and (iii) day 7 after salts added (Figure 1). Accordingly, the total
number for isolation and screening of protease-producing bacteria was 27 samples.

Twenty-five grams of Kapi samples were mixed with 225 mL NaCl
solution (10%, w/v). The samples were homogenized using a stomacher (Seward 400
circulator, England) at 230 rpm for 30 seconds. The homogenates were then serially
decimal diluted with 10% (w/v) NaCl solution. The samples were primary screened by
spreading onto three different media which containing 10% NaCl: (i) modified M73
(mM73) agar plates containing (%, w/v) yeast extract 1.0, MgSQO4-7H20 1.0, KCI 0.5,
CaCl» 0.02, agar 1.5, and supplemented with skim milk 1.0 for screening protease-
producing bacteria (Norberg and von Hofsten, 1969); (ii) de Mann, Rogosa, and Sharp
(MRS) (HiMedia, Mumbai, India) plates supplemented with (%, w/v) skim milk 1.0,
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bromocresol purple 0.02, and agar 1.5 for screening lactic acid bacteria (LAB)
(Udomsil et al., 2010); and (iii) nutrient broth (NB) (HiMedia, Mumbai, India)
supplemented with (%, w/v) skim milk 1.0, and agar 1.5 for other protease-producing
bacteria (Amoozegar et al., 2008). Bacterial colonies exhibiting a clear zone around the
colony were randomly picked and streaked on new corresponding agar medium in order

to obtain pure cultures.

Freshtiny shrimp
»  Clean with water
> Mix with salt(l kg shrimp with 200 g salt)
» Dryundersunlight(6-8h) ~&————  Sampling (i)
» Leave overnight
Mixtureof shrimp and salt

: , Sampling
Ak > Dryundersunlight (3-6days) €——— (G, (i)

Semi-dried mixture

» Grind the samples
» Keep in sealed container
» TFerment for2 months

v

Kapi

Figure 9. Scheme of Kapi production.

Secondary screening for selection of protease-producing strains was
conducted using agar spot assay. Five microliters of overnight culture broth were
dropped onto the corresponding agar medium (mM73, MRS, and NA) containing 1%
(w/v) skim milk and then incubated at 30°C for 48 h. The relative enzyme activity
(REA) was determined according to the formula as follow: REA = (D? — d?)/d?, where
D is the diameter of clearing zone and d is the diameter of the colony (Bradner et al.,
1999).
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2.2.1.2 Determination of protease activity

The protease activity of selected strains (REA value > 1.0) was
measured according to modified Anson method (Cupp-Enyard, 2008). The inoculum
size of 1 % (approximately 10° CFU/mL) was added into 10 mL of corresponding
medium (mMM73 or NB medium containing 1% wi/v skim milk) and incubated under
aerobic condition at 37°C for 24h. The cell cultures were harvested by centrifugation at
9000 x g for 10 min. After that, 25 pL of culture supernatant was incubated with 130
uL of 0.6 % (w/v) casein in 50 mM sodium phosphate buffer (pH 8) at 37°C for 10 min.
The reaction was terminated by adding 130 puL of 0.2 M trichloroacetic acid.
Supernatant of the medium without any strains inoculations was used as a control. The
reaction mixture was centrifuged, and the absorbance of soluble peptides in the
supernatant were measured at 660 nm. One unit (U) of protease activity was defined as
the amount of enzyme releasing 1 pmol of tyrosine equivalent per min. Isolates

exhibiting the high activity of protease were selected for further investigation.

2.2.1.3 Morphology and physiological properties

The selected isolates were primarily tested by Gram staining, catalase
production, and spore staining. The growth of the selected isolates at various
temperatures (30-45°C) was investigated in NB for 24 h. Various NaCl concentrations
(0-30%, w/v) were also used to investigate the growth of the selected isolates in NB at
37°C for 24 h. After incubation, cell density was measured spectrophotometrically at
OD 600 nm (Genesys-Thermo Science, Madison, USA).

2.2.1.4 Molecular identification

Genomic DNA of selected isolates was extracted using TIANamp
Bacteria DNA kit (Tian Gen Biotech, Beijing, China) according to the manufacturer
protocol and stored at -20°C until use. The 16S rRNA region was amplified by
polymerase chain reaction (PCR) with wuniversal primers &8F (5'-
AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-GGTTACCTTGTTACGACTT-
3") (Turner et al., 1999). The PCR reaction was performed with following condition:

initial denaturation at 95°C for 5 min followed by 30 cycles of denaturation at 95°C for
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1 min, annealing at 55°C for 30 sec, elongation at 72°C for 30 sec, and final elongation
step was performed at 72°C for 10 min. The generated amplicons were analyzed by
agarose electrophoresis and observed under UV light. The PCR products were then sent
to First Base Laboratories Sdn Bhd, Malaysia, for sequencing. Afterwards, the
sequences were compared with known sequences using the basic local alignment search
tool (BLAST program, http://www.ncbi.nlm.nih.gov/BLAST/). In addition, the 16S
rRNA sequences of several type strains of Virgibacillus were downloaded from Gen

Bank database in NCBI website (http://www.ncbi.nlm.nih.gov/). A phylogenetic tree

was then built using the neighbor-joining method in the Molecular Evolutionary
Genetics Analysis (MEGA) v7.0 package (Kumar et al., 2016).

2.2.2 Technological and safety aspects of selected protease-producing
strains
2.2.2.1 Antimicrobial activity
Antimicrobial activity of selected strains was investigated by agar spot
assay (Tulini et al., 2013). Briefly, 5 uL of overnight cultures were spotted onto NA
plates. The plates were then incubated at 37°C for 24 h. Afterwards, each plate was
overlaid with pathogenic indicator strains (Bacillus cereus DMST5540, Escherichia
coli DMST4212, Listeria monocytogenes DMST17303, Salmonella Typhimurium
DMST5784, Staphylococcus aureus DMST8840, and Vibrio parahemolyticus
DMST5665) that were seeded in brain heart infusion (BHI) (HiMedia, Mumbai, India)
soft agar (0.75%, w/v) medium. All plates were subsequently incubated at 37°C for 24-
48 h. The antibacterial activity was determined by measuring the clear zone (radius in

mm) around the colony which was indicated as growth-free inhibition zone.

2.2.2.2 Hemolytic activity

Blood hemolysis was investigated by growing the selected isolates in
NB at 37°C for 18 h and then one loopful of each bacterial strain was streaked onto
tryptone soya agar (TSA) plates (HiMedia, Mumbai, India) containing 5% (v/v)
defibrinated human blood (group O) kindly obtained from Songklanagarind Hospital,
Hat Yai, Thailand. All plates were incubated at 37°C for 24-48 h. Hemolytic reaction
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was investigated as follows: B-hemolysis (shown as a clear zone around the colony), a-
hemolysis (shown as a partial hydrolysis around the colony), or y-hemolysis (if no clear
zone around the colony). The negative hemolytic activity was shown by the y-hemolysis
(Oh and Jung, 2015). S. aureus DMST8840, which possesses B-hemolysis activity was

used as a positive strain.

2.2.2.3 Biofilm formation

Biofilm formation ability was investigated in 96-well microtiter plates
(Stepanovic et al., 2007) with slight modification. The microtiter plates were filled with
200 uL of bacterial suspension in tryptone soya broth (TSB) (HiMedia, Mumbai, India)
supplemented with 1% (w/v) glucose and incubated at 37°C for 24 h. The content of
each well was then aspirated and washed three times with 300 uL of sterile phosphate
buffer saline pH 7.2. The attached bacteria were fixed with 2% (w/v) sodium acetate
for 15 min and then the plates were emptied and dried. Afterwards, each well was
stained with 200 puL of 0.1% (w/v) crystal violet for 5 min. Excess stain was washed
with deionized water and then the plates were air-dried. The dye bound to biofilm was
resolubilized with 160 puL of glacial acetic acid. The optical density of each well was
measured at 595 nm using a microplate reader (BioTek Instruments, Winooski, USA).
Biofilm formation was interpreted as follows: N, non-biofilm forming (Asgs < ODc);
W, weak (OD¢ < Asgs < 2 %X OD¢); M, moderate (2 x OD¢ < Asgs < ODc); S, strong (Asgs
> 4 x ODc). OD.; was defined as the optical density cut-off value. Each sample was

assayed in triplicates.

2.2.2.4 Antibiotic susceptibility

Mueller-Hinton broth (MHB, HiMedia, Mumbai, India) and antibiotic
diluted in MHB (AMHB) were used for determining antibiotic susceptibility of selected
strains. The broth microdilution method (Klare et al., 2005) was used to evaluate the
Minimum Inhibitory Concentration (MIC) for each antibiotic. Briefly, a flat-bottom 96-
well polystyrene microtiter plates was inoculated with 100 uL of AMHB containing

serial antibiotics in several concentration ranges (ug mL™): ampicillin (0.063-64);

chloramphenicol (0.125-256); clindamycin (0.02-32); erythromycin (0.063-64);
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kanamycin (0.13-256); penicillin G (0.063-64); streptomycin (0.25-512); tetracycline
(0.063-64) and vancomycin (0.13-256). Subsequently, each well was filled with 100 uL
of selected isolates cultivated in MHB (final concentration was 10* CFU mL™). Plates
were then incubated at 37°C for 24 h. Bacteria inoculated in MHB were used as positive
control and a bacteria-free well was used as negative control. After 24 h incubation at
37°C, a growth inhibition of selected strains was determined at OD600 using a
microplate reader (Biotek Instruments). The inhibition was expressed in percentage by
the equation: inhibition (%): [(ODesoo Of the positive control group — ODeoo Of the
group)/ODeoo of the positive control group] x 100. The MICgo was defined as the lowest
concentration of antibiotics that inhibits bacterial growth at an inhibition rate of higher
than 90% (Almeida et al., 2008). Susceptibility of the strains were defined based on the
corresponding cut-off values for Bacillus sp. (EFSA, 2012). Consequently, strains
showing MIC value higher than the corresponding cut-off value were determined as

resistant.

2.2.2.5 Biogenic amines production

BAs production of selected strains was analyzed by thin-layer
chromatography (TLC) (Garcia-Moruno et al., 2005). Selected strains were cultivated
overnight in NB and then inoculated into 10 mL NB supplemented with 0.5% (w/v) of
conforming amino acids precursor (Merck (Germany) and Sigma-Aldrich (Singapore):
L-histidine monohydrochloride, L-tyrosine disodium salt, L-lysine monohydrochloride
and L-ornithine hydrochloride. The cultivation was performed at 30°C for 7 days, and
then cells were removed by centrifugation at 9000 x g for 10 min. Supernatant
containing the corresponding BAs were converted into their fluorescent dansyl
derivatives (Landeta et al., 2007) and subsequently spotted onto TLC plate (silica gel
60 F254, Merck, Germany). The separation of dansylated compounds were conducted
using solvent combination of chloroform:di-ethyl ether:tri-ethylamine (3:2:1, v/viv).
The TLC plate was visualized using a Gel Doc™ EZ (Biorad, London, UK) system
under UV light exposure. The authentic BAs stock solutions (histamine, cadaverine,
putrescine, and tyrosine) (Sigma-Aldrich, Singapore) were made by preparing a 2%

(w/v) solution in 40% ethanol (5% in the case of histamine).
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The existence of genes encoding decarboxylase enzymes involved in
BAs production was determined by PCR method using primers as shown in Table 6.
PCR program was conducted with initial denaturing at 95°C for 5 min, followed by 36
cycles at 95°C for 1 min, at 53°C for 1 min, and at 72°C for 3 min with final extension
at 72 °C for 10 min. The PCR products were analyzed by electrophoresis gel agarose

and observed under UV light.

Table 6. Primers used for the detection of genes encoding decarboxylase enzymes

involved in biogenic amines production

Result of
Amplicon MSK-10P
Gene* Primer  Sequence® . Reference
size (bp)® from PCR
method
hdc HIS1-F  GGNATNGTNWSNTAYGAYMGNGCNGA 372 - De las Rivas
HIS1-R  ATNGCDATNGCNSWCCANACNCCRTA etal., 2006
tdc TDC-F  TGGYTNGTNCCNCARACNAARCAYTA 825 - De las Rivas
TDC-R  ACRTARTCNACCATRTTRAARTCNGG etal., 2006
odc PUT1-F TWYMAYGCNGAYAARACNTAYTTYGT 1440 - De las Rivas
PUT1-R ACRCANAGNACNCCNGGNGGRTANGG et al., 2006
Idc CAD2-R CAYRTNCCNGGNCAYAA 1185 - De las Rivas
CAD2-F GGDATNCCNGGNGGRTA et al., 2006

®hdc, histidine decarboxylase; tdc, tyrosine decarboxylase; odc, ornithine
decarboxylase; Idc, lysine decarboxylase.
bY=CorT;R=AorG;W=AorT;S=CorG;M=AorC;D=A,G,orT; H=A,
C,orT;B=C,G,orT; N=A,C,G,orT.

¢ Amplicon size is DNA fragment of gene encoding decarboxylase which have been

amplified from pathogens.

2.2.3 Statistical analysis
All the experiments were performed in triplicate and the level of
significance was +5%. Analysis of Variance (ANOVA) and mean comparison by
Duncan’s Multiple Range Test (DMRT) were performed to compare the protease

activities. In addition, correlation between REA and protease activity was statistically
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analyzed using bivariate Pearson Correlation. A multivariate analysis with Principal
Component Analysis (PCA) approach was performed to select the best strain for starter
culture. All the statistical analysis was performed by using Statistical Package for the
Social Science (SPSS 16.0 for Windows, SPSS Inc, Chicago, IL USA).

2.3 Results and Discussions
2.3.1 Isolation, screening, and identification of protease-producing
bacteria

Isolation and screening of protease-producing bacteria is an important
step in the selection of appropriate starter culture for the production of fermented
seafood. Halobacterium sp. SP1, Virgibacillus sp. SK37, Virgibacillus sp. SK33, and
Staphylococcus sp. SK1-9, have been demonstrated to accelerate the fermentation time
of fish sauce production as well as improving the nutritional content of the fish sauce
(Akolkar et al., 2010; Yongsawatdigul et al., 2007). In the present study, protease-
producing bacteria were isolated and screened from the early stage of Kapi fermentation
using agar plate medium containing skim milk for the first preliminary screening.
Protease-producing microorganisms facilitated the degradation of the fish or shrimp
tissues at the early stage of fermentation before subsequent hydrolyzing them into
smaller parts at the later stage of fermentation (Fan et al., 2017). Meanwhile, total viable
count and proteolytic bacterial count were higher in early days of fermentation of Budu,
a Malaysian fish-sauce (Sim et al., 2015). In addition, the proteolytic and amylolytic
bacterial count was also found to be higher in the early stage of fermentation than final
stage fermentation of Ronto, an Indonesian fermented shrimp product (Khairina et al.,
2016). Accordingly, it can be assumed that more protease-producing microorganisms
can be obtained in early days of fermentation compared with at the final stage of
fermentation.

It was found that a total of 195 isolates exhibiting clear zone around
colony which were developed only in mM73 agar (79%) and NA (21%). None of the
protease-producing LAB was obtained from MRS agar containing skim milk. This was
probably because most protease-producing LAB could not grow at high salt

concentration, and an aerobic condition within the first days of the Kapi production
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process which consisted of abundant normal flora under the aerobic condition as well.
Consequently, this could inhibit the growth of LAB (Kleekayai et al., 2015).

Among the obtained isolates, 12 isolates (~6%) exhibiting the
considerable high REA value were chosen to be examined further for their protease
activity (Table 7) in order to select the best protease-producing strain. Although REA
value is expected to correspond with the protease activity (Bradner et al., 1999),
sometimes it does not accurately reflect the actual amount of enzyme. This might be
caused by the different microclimate conditions and growth environments between
solid and liquid medium that would affect the production of enzymes (Jeanson et al.,
2015). Some bacterial strains isolated from freshwater fish showed high protease in
agar plate assay but did not show quantitatively high protease activity (Bairagi et al.,
2002). In addition, the largest clear zone indicated high REA which showed protease
activity did not correlate with high quantitative protease activity of bacteria in the gut
of tiger shrimp (Penaeus monodon) (Bhowmik et al., 2015). However, as depicted in
Figure 10, there was strong correlation between REA value and quantitative enzyme
activity (r>0.5) and it was a statistically significant difference as well (p<0.05). In the
present study, strains exhibiting high value of REA also had high protease activity.
Therefore, five isolates (MSK-3P, MSK-4P, MSK-5P, MSK-7P, and MSK-10P)
exhibiting high REA and high protease activity (>5.75 U/mL) (Table 7) were selected

for further investigation.
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Table 7. Comparison of protease activity from REA and Anson method of selected

isolates
Source Isolate code Medium Relative enzyme Anson method
activity (REA) (U/mL)
A MSK-1P mM73 2.11+0.26° 5.25+0.22°
A MSK-2P mM73 2.82+0.28¢% 6.05+0.63¢
A MSK-3P mM73 5.68+1.20 6.60+0.30°
A MSK-4P NA 4.64%1.27% 5.85+0.08¢
A MSK-5P NA 4.45+0.34"° 6.10+0.03¢
B MSK-6P mM73 3.39+0.30% 0.50+0.01"
B MSK-7P mM73 3.9420.14b« 8.94+0.11°
B MSK-8P NA 1.33+0.22° 2.59+0.05f
C MSK-9P NA 3.39+0.30% 5.70+0.27¢
C MSK-10P NA 4.45+0.13 9.47+0.09?
C MSK-11P mM73 1.91+0.50°f 2.29+0.22
C MSK-12P mM73 1.33+0.08f 0.90+0.039

A, producer A; B, producer B; C, producer C. Values are given as mean + SD from

triplicate determination. Different lowercase superscript letters in the same column

indicate the significant differences at p<0.05.
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Figure 10. Pearson correlation graph between REA and protease activity determination
of isolated protease-producing bacteria (r indicates the Pearson correlation; p indicates
significance level; e represents the data pair of REA and protease activity; — indicates

the correlation line).

2.3.2 Morphology and physiological properties

Morphological characterization studies revealed that all of five isolates
were catalase positive, Gram-positive, and spore-forming bacteria (Table 8). In
addition, all isolates were able to grow well at 30-40°C and showed optimum at 35-
37°C, while they showed poor grow at 45°C. Meanwhile, all isolates grew slightly in
the absence of salt and at the salt concentration of 25-30%, and the optimum growth
was shown at 10-20% NacCl. In general, the temperature range of bacterial growth is an
important characteristic in the physiological and taxonomy studies of bacteria.
Increased temperature will increase nutritional requirements for bacterial development
(Chandler and McMeekin, 1989; Xu et al., 2018). Based on the physiological growth
conditions of these isolated strains, it can be concluded that all strains belong to the
mesophilic and halotolerant groups, because they have optimum growth conditions at
35-37°C and salt concentrations of 10-20%. This condition causes these strains to
survive under temperature around 35-37°C during the Kapi production. Moreover, salt
tolerance of all isolates indicated the potential use of them as the starter candidates in

Kapi production since it contained about 10-30% (data not shown).
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Table 8. Morphology properties of selected protease-producing bacteria

Characteristics solates

MSK-3P MSK-4P MSK-5P MSK-7P  MSK-10P
Gram staining + + + + +
Catalase test + + + + +
Spore staining + + + + +
Growth at different temperature (°C)?
30 ++ ++ ++ ++ ++
35 +++ +++ +++ +++ +++
37 +++ +++ T4+ +++ +++
40 ++ ++ ++ ++ ++
45 + + + + +
Growth at different NaCl concentrations (%, w/v)?
0 + + + + +
5 ++ ++ ++ ++ ++
10 +++ +++ +++ +++ +++
15 +++ +++ +++ +++ +++
20 +++ +++ +++ +++ +++
25 + + + + +
30 + + + + +

35 - - - - -

®The bacterial growth at different temperatures and NaCl concentration was indicated
as follows: (+++) means fully (OD600 >2); (++) means moderately (OD600 ~ 1-2); (+)
means poorly (OD600 ~0.1-1); (-) means no growth (OD600 <0.1).

2.3.3 Molecular identification
Five selected protease-producing strains were identified by 16S rRNA
sequencing analysis. It was found that all five strains belong to the species Virgibacillus
halodenitrificans with 98-99% similarity (data not shown). This was supported by the
phylogenetic tree analysis as shown in Figure 3. All the sequences were deposited in
GenBank under accession numbers MG241245, MG241246, MG241247, MG241248,
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and MG241249 for isolates MSK-3P, MSK-4P, MSK-5P, MSK-7P, and MSK-10P,

respectively.

MSK-5P

MSK-7P

MSK-4P
100| MSK-3P

MSK-10P

NR 112055.1 Virgibacillus halodenitrificans”
AB243851.1 Virgibacillus halophilus”
FM205010.1 Virgibacillus salinus™
ABG681789.1 Virgibacillus pantothenticus”
55 NR 043572.1 Virgibaciilus olivae™

4@& NR 041270.1 Virgibacillus salarius®
67'NR 028873.1 Virgibacillus marismortui®

NR 075035.2 Halobacillus halophilus®

0.0050

Figure 11. Phylogenetic tree of the type strain of Virgibacillus species and selected
protease-producing bacteria isolated from Kapi. The tree is constructed based on the
results of 16S rRNA sequencing. The scale bar corresponds to five nucleotide
substitutions per 1000 nucleotides (evolutionary distances). Numerals indicate the
statistical significance of the order of branching, determined by "bootstrap" analysis of
100 alternative trees; values less than 50% are not shown.

Generally, Virgibacillus is a Gram-positive, spore-forming, catalase
positive, and halotolerant bacterium, which is widely found in many habitats, mostly
isolated from saline environments (Chen et al., 2009; Wang et al., 2010; Xu et al.,
2018). This bacterium can also be found in some food products, for instance fish sauce
(Yongsawatdigul et al., 2007); chicken meat (Gupta et al., 2008); jeotgal, a traditional
Korean fermented seafood (Kim et al., 2011); and dairy products (Seiler and Wenning,
2013). In addition, a draft of genome sequence of V. halodenitrificans 1806 has been
reported (Lee et al., 2012). The authors indicated that V. halodenitrificans 1806
contains several genes contributing to the osmolarity for uptaking compatible solutes

essential in hypersaline conditions which responsible for salt-tolerance properties.
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2.3.4 Technological and safety aspects of selected protease-producing
strains
2.3.4.1 Antimicrobial activity
The ability of the selected strain to prevent the growth of pathogens is
one important aspect in the selection of starter culture. The antibacterial activity against
pathogens will make the fermented food safe for consumption (Ratanaburee et al.,
2013). However, in the present study, all isolated virgibacilli strains did not exhibit the
antibacterial activity toward any indicator pathogenic strains (Staph. aureus DMST
8840, E. coli DMST 4212, Sal. Typhimurium DMST 5784, B. cereus DMST5540, V.
parahemolyticus, and L. monocytogenes DMST 17303). Even though the selected
protease-producing strains did not exhibit antimicrobial activity toward indicator
pathogenic strains, Kapi might be safe from those pathogens because it contained high
salt content. Although some food-borne pathogens demonstrated moderate salt
tolerance, almost all pathogens showed low-salt tolerance. Staph. aureus can survive
up to 15-20% NacCl, but its toxin can only be produced at 5-10% NaCl (Taormina,
2010). Death of E. coli occurs when cells are suspended in 8.5% NaCl media (Glass et
al., 1992), meanwhile the growth of L. monocytogenes is inhibited by the addition of
11% NaCl (Zarei et al., 2012). Exposure to 5% NaCl showed decrease in cells of B.
cereus (den Besten et al., 2006), while Sal. Typhimurium can only adapt until 0.5%
NaCl (Thayer et al., 1987). Generally, Kapi is produced in high salt concentration (10-
30% wi/w NaCl); therefore, certain pathogens cannot grow in this harsh condition.
Indeed, salt is necessary not only in complex food formulation and recipes but also in

the prevention of foodborne microbial pathogens (Taormina, 2010).

2.3.4.2 Hemolytic activity

Hemolytic activity has been linked to virulence in many pathogenic
microorganisms and can be a risk to human health. Therefore, strains exhibiting -
hemolytic activity may not be applicable as starter candidates. In the present study,
hemolytic activity of selected protease-producing strains was also investigated. All
selected protease-producing strains displayed y-hemolytic activity (Table 9). This

means that all strains did not induce hemolysis (Oh and Jung, 2015) and may be safe to
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be used as the starter culture. However, other virulence factors should be further

investigated before use as autochthonous starter culture.

Table 9. Hemolytic activity and biofilm formation ability of selected protease-

producing bacteria

Isolate code Hemolytic activity? Biofilm formation ability®
MSK-3P - (y) W
MSK-4P - (y) W
MSK-5P - (y) W
MSK-7P - () w
MSK-10P - () N
Staph. aureus DMST4212 + (B) M

& + (B) means the isolate had B-hemolytic activity; - (y) means the isolate had vy-
hemolytic activity

b M means moderate activity, W means weak ability, N means no activity

2.3.4.3 Biofilm formation ability

Bacterial biofilm can be classified as one of a specific cause in bacterial
pathogenicity in the human body. Based on recent studies, biofilm formation emerged
as a potential key feature associated with virulence (Coenye et al., 2007; Fox et al.,
2005). According to the definition of biofilm formation ability (Stepanovic et al., 2007),
it was found that four strains (MSK-3P, MSK-4P, MSK-5P, and MSK-7P) showed
weak ability of biofilm formation. Only one strain (MSK-10P) did not exhibit the ability

of biofilm formation (Table 9).

2.3.4.4 Antibiotic susceptibility

Antibiotic resistance is one of the major safety issues for starter culture
selection, because starter culture can be a potential contributing vector of antibiotic to
microbiota through the fermentation process (Podkowik et al., 2016). These

determinants can spread to humans through food consumption (EFSA, 2012). In this
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study, antibiotic susceptibility of all selected protease-producing strains was tested
using nine antibiotics (ampicillin, chloramphenicol, clindamycin, erythromycin,
kanamycin, penicillin G, streptomycin, tetracycline, and vancomycin). It was found that
isolates MSK-3P, MSK-4P, and MSK-10P showed sensitivity to all antibiotics tested.
Strain MSK-5P showed resistance to tetracycline and strain MSK-7P resisted to both
tetracycline and vancomycin (Table 10). However, vancomycin resistance was not a
concerning principle factor for application of a microorganism in food and feed (EFSA,
2012). Different results were reported by Santos et al. (2010) who found that
Virgibacillus sp. H31 isolated from Brazilian’s sponge-associated bacteria showed
resistance to penicillin G and chloramphenicol but was sensitive to erythromycin and

tetracycline.

Table 10. Antibiotic susceptibility of selected protease-producing bacteria

Cut-off MICgo of isolate
Antibiotics® value

(ug ML MSK-3P MSK-4P MSK-5P MSK-7P MSK-10P
Amp n.r.° 0.5 0.25 0.5 4 0.26
Cam 8 8 4 4 4 4
Clin 4 2 0.13 0.5 0.15 1
Ery 4 0.5 0.13 0.13 0.26 0.26
Kan 8 0.26 0.5 0.5 1 0.26
Pen G n.r.° 0.5 0.5 0.5 0.5 0.5
Str 8 4 2 8 4 4
Tet 8 2 0.25 16¢ 16¢ 2
Van 4 2 2 0.5 16¢ 4

aAmp, ampicillin; Cam, chloramphenicol; Cli, clindamycin; Ery, erythromycin; Kan,
kanamycin; Pen G, penicillin G; Str, streptomycin; Tet, tetracycline; and Van, vancomycin
The cut-off values as suggested by EFSA (2012)

°n.r.; not required

dshowed resistance to corresponding antibiotics
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The selection of the best starter culture should be performed by using
multivariate analysis, considering there are five strains that have their own
technological and safety attributes. PCA was chosen to select the best strain for starter
culture, since this approach is a beneficial tool for selecting and discriminating strains
with various positive characteristics that are clearly differentiated from other strains
(Bevilacqua et al., 2012; Rodriguez-Gomez et al., 2012). By means of PCA as depicted
in Figure 12, V. halodenitrificans MSK10-P exhibited the best characteristics for a
starter culture. The strain MSK-10P showed positive correlation to all five variables
tested (BF, AST, PAM, REA, and HA). However, strains MSK-3P and MSK-4P
showed positive correlations only to variables BF, AST, and REA, strain MSK-7P only
to PAM and HA, and strain MSK-5P showed negative correlations to all variables
tested. Therefore, strain V. halodenitrificans MSK10-P was selected as the best strain

for starter culture and further subjected to investigate whether it produced BA.
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Figure 12. Principal component analysis (PCA) for the selection of the best strain as
starter culture in the Kapi production production (<> variables used for PCA; M strains;
PAM: protease activity-Anson method, HA: hemolytic activity; BF: biofilm formation;
AST: antibiotic susceptibility test; REA: relative enzyme activity).
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2.3.4.5 Biogenic amine production

BAs are basic organic nitrogen compounds formed by decarboxylation
of amino acids (Spano et al., 2010). BAs can be the clue to food poisoning (Talon and
Leroy, 2011). BAs obtained in fermented food products are intensely stimulated by
composition and microbial growth during handling process and storage (Carelli et al.,
2007). Some of the most important BAs found in seafood are histamine, putrescine,
cadaverine, agmatine, tryptamine, tyramine, spermine, and spermidine (Jeya Shakila,
et al.,, 2001). Two important BAs, histamine and tyramine are considering as
antinutritional complexes; meanwhile, putrescine and cadaverine somehow do not have
strong unhealthy effect. However, those two latter BAs can expand the toxicological
effect of histamine by blocking its metabolizing enzymes (Hungerford and Arefyev,
1992, Veciana-Nogués, et al., 1997). The toxicity of these four BAs has led to the
general agreement that they should not be allowed to accumulate in food (Spano et al.,
2010). A good starter culture should not affect the food product by producing the BAs
(Talon and Leroy, 2011). Therefore, the ability of a starter culture candidate in
producing BAs should be assessed.

In the present study, the ability of V. halodenitricans MSK-10P to
produce BAs was investigated using both phenotypic and genotypic analysis. It was
found that V. halodenitrificans MSK-10P was considered as a non-BAs producer as
determined by TLC method (Figure 13) and confirmed by PCR method (Table 1). As
summarized in Table 1, no amplicons of related gene encoding amino acid
decarboxylases were detected by V. halodenitrificans MSK-10P using standard
primers. Accordingly, these results demonstrate that V. halodenitrificans MSK-10P is
safe as a possible alternative candidate strain for application as a starter culture in the

Kapi production.
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Figure 13. Dansylated biogenic amines standards as separated by TLC: histamine (1),
putrescine (2), cadaverine (3), and tyramine (4). Cell-free supernatants of V.
halodenitrificans MSK-10P grown in NB medium containing substrate: histidine (5),
ornithine (6), lysine (7), tyrosine (8).

2.4 Conclusions

On the basis of all results obtained, protease-producing V.
halodenitrificans MSK-10P, isolated from Kapi exhibited high protease activity as well
as tolerance to high salt environment. This study provided comprehensive information
about the safety attributes of this strain including negative activity in hemolysis, biofilm
production, and BAs production. This strain also exhibited susceptibility to all
antibiotics tested. The majority of tested virulence factors were also absent, confirming
the safety. All these features are important factors that should be considered in the
selection of good starter culture. Therefore, V. halodenitrificans MSK-10P could be a
promising starter culture for Kapi production. Application of this strain might
accelerate the fermentation process and increase the quality of nutritional content of
Kapi as well.
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CHAPTER 3

SELECTION AND EVALUATION OF TECHNOLOGICAL AND
SAFETY CHARACTERISTICS OF AUTOCHTONOUS LIPASE-
PRODUCING BACTERIA FROM FERMENTED SHRIMP PASTE
(KAPI)

Abstract

Lipase-producing bacteria have the function for producing specific
aroma and improving the taste of fermented food. The aims of this study were to isolate,
screen, and characterize the technological properties as well as safety aspects of lipase-
producing bacteria isolated from Kapi, to be a potential autochthonous starter culture
for Kapi production. Four bacterial strains (LSM3, LSM4, LSM15, and LSM16)
exhibiting the highest lipase activity based on olive oil-rhodamine B agar plate and
copper-soap method were selected. All of them were identified as Staphylococcus sp.
using 16S rRNA sequence analysis and specific primers for housekeeping genes of
staphylococci. All the strains exhibited growth in the medium containing NaCl up to
25%. In addition, strains LSM3, LSM15, and LSM16 showed non-hemolysis on the
blood agar plate however, displayed weak ability in biofilm formation. Strains LSM4,
LSM15, and LSM16 exhibited antagonistic activity toward Staphylococcus aureus,
Bacillus cereus, and Listeria monocytogenes. The antibacterial activity against only
Gram-positive bacteria came from bacteriocin-like inhibitory substance (BLIS). Strains
LSM15 and LSM16 showed susceptibility to all antibiotics tested. Furthermore, neither
strains had classical staphylococcal enterotoxin (SE) encoding genes nor gene encoded
decarboxylase enzymes. Based on all results, LSM16 could be selected and applied as

a promising starter culture in the production of Kapi.

Keywords: lipase-producing bacteria, Kapi, Staphylococcus sp., safety attributes,

starter culture
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3.1 Introduction

Kapi is a Thai traditional fermented shrimp paste which is mainly
consumed as a food condiment by Thai people. Kapi has gained considerable attention
because it has been shown to have not only some beneficial-health properties, such as
antioxidant activity, antifibrinolytic, and antihypertensive, but also has high content of
fat, amino acids, and protein (Kleekayai et al., 2015; Pongsetkul et al., 2015).

Improving the quality of Kapi is an important attention. Since Kapi is
generally made using traditional methods, accordingly the quality of Kapi become vary
observed. One of the attempts can be used to improve the quality of Kapi is applying
starter cultures in the fermentation process. Application of starter cultures is believed
to improve food safety and to provide typical sensory quality of food. The best starter
cultures mostly originated from autochthonous microflora as they are estimably adapted
well with the condition throughout the fermentation process (Rebecchi et al., 1998;
Babic et al., 2011). In addition, these autochthonous starters are believed can dominate
other microbiota in the process because they have specific metabolic abilities (Leroy et
al., 2006).

Lipolysis is believed to be a significant factor that influences the process
of aroma formation. Hence lipolytic bacteria are needed in the fermentation process.
Lipase-producing bacteria have been widely reported in the fermentation of dairy
product, meat, sausage, and other derivative products of meat. Lipolytic staphylococci,
in particular Staph. xylosus, Staph. carnosus, and Staph. equorum were proven their
effects on the meat fermentation process by releasing free fatty acids for the aroma and
flavor development (Sendergaard and Stahnke, 2002; Olesen et al., 2004). However,
very few reports are available for lipase-producing bacteria isolated from fermented
seafood especially from fermented shrimp paste (Kapi). Recently, Gao et al. (2017)
have isolated and applied lipolytic-producing Staph. xylosus 135 as a starter culture in
traditional low-salt fermented fish (Suan yu). This lipolytic starter culture increased the
volatile flavor compounds in Suan yu. Daroonpunt et al. (2018) isolated several
lipolytic bacterial strains from Thai fermented fish. They were identified as B.
amyloliquefaciens, Corynebacterium variabile, Staph. saprophyticus, Virgibacillus

dokdonensis, and V. halodenitrificans. Those strains were only characterized for their
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lipase activity. However, their technological and safety attributes have not been
investigated yet.

In this study, the lipase-producing bacteria were isolated, screened, and
characterized for their important technological properties as well as safety attributes in
order to discover the new potential autochthonous functional starter culture for Kapi
production.

3.2  Materials and Methods
3.2.1 Isolation, screening, and identification of lipase-producing bacteria
3.2.1.1 Sampling and isolation

Kapi samples were prepared and sampled as previously described in
Chapter 2. In order to isolate the lipase-producing bacteria, the diluted samples were
spread onto three different media: (i) modified M73 (mM73) agar containing (g/L)
yeast extract 10.0, MgSO4-7H.0 10.0, KCI 5.0, CaClz 0.2, agar 15, gum arabic 1.0,
NaCl 100 (Norberg and Hofsten, 1969), supplemented with olive oil 10.0; (ii) deMann,
Rogosa, and Sharp (MRS) (HiMedia, Mumbai, India) agar supplemented with (g/L)
bromocresol purple 0.2, agar 15, NaCl 100, olive oil 10.0, and gum arabic 1.0; and (iii)
nutrient broth (NB) (HiMedia, Mumbai, India) supplemented with (g/L) agar 15, NaCl
100, olive oil 10.0, and gum arabic 1.0. All the media were blended by mixer using high
speed 30 sec before autoclaving. Each dilution was analyzed in duplicate. The plates
were then incubated at 30°C for 3-5 days. Bacterial colonies exhibiting orangish zone
around their colony were observed under UV light were randomly picked and streaked
on new corresponding agar medium. The selected isolates were subcultured twice
overnight in Tryptone Soya Broth (TSB, HiMedia, India) and were subjected to Gram

staining, spore staining, and catalase production.

3.2.1.2 Determination of lipolytic activities

The activity of lipase produced by selected isolates were determined
according to copper-soap method (Lee and Rhee, 1993). The inoculum size of 1% of
the selected isolates (approximately 10° CFU/mL) was added into 10 mL of
corresponding medium (mM73 or NB medium containing 1% wi/v olive oil) and

shaking under 150 rpm at 37°C for 24 h. The cell cultures were harvested by
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centrifugation at 9000 x g for 10 min. After that, the supernatant as crude lipase exract
(100 pL), 400 pL of 50 mM sodium phosphate buffer (pH 7.0), and 1 mL of emulsion
containing 5% (w/v) olive oil in isooctane were incubated at 37°C with vigorously
shaking at 200 rpm for 30 min. The enzyme reaction was terminated by adding 400 pL
of 6 M HCI. Subsequently, 500 pL of upper isooctane layer containing the fatty acids
was drawn off then added with 500 pL isooctane and 500 pL copper acetate solution.
After mixing by vortex for 15 sec, free fatty acids dissolved in isooctane were
determined by measuring the absorbance at 715 nm. One unit (U) of lipase activity was
defined as the amount of enzyme released 1 pmol of oleic acid equivalent per min. The
amount of free fatty acids was calculated based on the standard curve of oleic acid. All

isolates exhibiting the high activity of lipase were selected for further experiment.

3.2.1.3 Morphology and physiology properties

The morphology of selected isolates was primarily tested by Gram
staining, catalase production, and spore staining. Growth of selected isolates at various
temperature was investigated by culturing 1% v/v inoculum in 10 mL of trypticase soya
broth (TSB, HiMedia, Mumbay, India) at 30, 35, 37, 40 and 45°C for 24 h. In addition,
growth in the presence of NaCl (0-30%, w/v) was also examined in TSB at 37°C for
24 h. After incubation under given condition, optical density at 600 nm (ODsgo) was

measured by spectrophotometer (Genesys, Thermo Science, USA).

3.2.1.4 PCR analysis

Molecular identification by 16S rRNA sequence analysis of selected
lipase-producing bacteria were conducted with the same procedure as previously
described in Chapter 2. Confirmation of identity gene for genus Staphylococcus were
performed using the specific primers Tstag765 and TstaG422 which were designed by
Martineau et al. (2001) as shown in Table 11. PCR was performed in total volume 25
uL consisted of 0.2 uM (each) of the primers, 1x DreamTaq mastermix, DNase-free
water, and template staphylococcal DNA. Thermal cycling steps were as follows: initial

denaturation at 94°C for 3 min followed by 40 cycles of denaturation at 95°C for 1 min,
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annealing at 55°C for 30 s, and elongation at 72°C for 30; final elongation step at 72°C

for 3 min.

Table 11. Primers used in this study

Predicted Result of

Gene* Primer  Sequence (5°-3°)° amplicon amplification Reference
size from LSM16¢
TstaG422 GGCCGTGTTGAACGTGGTCAAATCA 370 + Martineau et
Tstag765 TIACCATTTCAGTACCTTCTGGTAA al., 2001
icaA icadF TCTCTTGCAGGAGCAATCAA 371 - Gad et al.,
ica2R  TCAGGCACTAACATCCAGCA 2009
nukA N174F ATGGAAAATTCTAAAGTTATGAA 174 - Hong et al.,
N174R  TTATGAACAACAAGTAAATACAAA 2014
nukM N185F2 GGTGTAACGGAGTTACAGGAC 185 - Hong et al.,
N185R2 TCCCATGACGCCATGACATAG 2014
sea SEA F CCTTTGGAAACGGTTAAAACG 126 - Moura et al.,
SEA-R CCTTTGGAAACGGTTAAAACG 2012
seb SEB F GGTACTCTATAAGTGCCTGCTTC 475 - Moura et al.,
SEB-R GCATCAAACTGACAAACG 2012
Sec SEC_F AGAACTAGACATAAAAGCTAGG 267 - Moura et al.,
SEC-R TCAAAATCGGATTAACATTATCC 2012
sed SED F TTTGGTAATATCTCCTTTAAACG 309 - Moura et al.,
SED-R CTATATCTTATAGGGTAAACATC 2012
see SEE_ F CCTATAGATAAAGTTAAAACAAGC 173 - Moura et al.,
SEE-R TAACTTACCGTGGACCCTTC 2012
hdc  HIS1-F GGNATNGTNWSNTAYGAYMGNGCNGA 372 - De las Rivas
HIS1-R  ATNGCDATNGCNSWCCANACNCCRTA et al., 2006
tdc TDC-F TGGYTNGTNCCNCARACNAARCAYTA 825 - De las Rivas
TDC-R ACRTARTCNACCATRTTRAARTCNGG et al., 2006
odc PUT1-F TWYMAYGCNGAYAARACNTAYTTYGT 1440 - De las Rivas
PUT1-R ACRCANAGNACNCCNGGNGGRTANGG et al., 2006
Idc CAD2-R CAYRTNCCNGGNCAYAA 1185 - De las Rivas
CAD2-F GGDATNCCNGGNGGRTA et al., 2006

2 jcaA, intracellular adhesion A; nukA, nukacin ISK-1 structural gene; nukM, post-
translational modification encoding gene for nukacin; sea, Staphylococcus enterotoxin A,;
seb, Staphylococcus enterotoxin B; sec, Staphylococcus enterotoxin C; sed, Staphylococcus
enterotoxin D; see, Staphylococcus enterotoxin E; hdc, histidine decarboxylase; tdc, tyrosine
decarboxylase; odc, ornithine decarboxylase; Idc, lysine decarboxylase.
bY=CorT;R=AorG;W=AorT;S=CorG,M=AorC;D=A,G,orT;H=A,C,or
T.B=C,G,orT;N=A,C,G,orT.

¢ (+) showed band correspond with the DNA fragment of targeting gene; (-) no band showed

correspond with the DNA fragment of targeting gene.
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3.2.2 Technological properties and safety assessment of selected lipase-

producing isolates

3.2.2.1 Proteolytic activity

Determination of proteolytic activity of selected isolates was performed
on TSA plates contained 10% (w/v) NaCl and supplemented with either 1% (w/v) skim
milk or 1% (w/v) casein. All plates were incubated at 37°C for 3-5 days. Clear zone
around the colony was indicated as the proteolytic activity of the isolates (Thongthai
and Suntinanalert, 1991).

3.2.2.2 Antimicrobial activity

Antimicrobial activity of selected strains was investigated by agar spot
assay (Tulini et al., 2013). Briefly, 5 uL of 24h-old cultures were spotted onto TSA
plates. The plates were incubated at 37°C for 24 h. Each plate was then overlaid with
approximately 108 CFU/mL of pathogenic indicator strains (B. cereus DMST5540, E.
coli DMST4212, L. monocytogenes DMST17303, Sal. Typhimurium DMST5784,
Staph. aureus DMST8840, and V. parahemolyticus DMST5665) seeded in brain heart
infusion (BHI, HiMedia, Mumbai, India) soft agar medium (0.75%, w/v). Afterwards,
all plates were incubated at 37 °C for 24-48 h. The antimicrobial activity was
determined by measuring the clear zone (radius in mm) around the colony which was
indicated as growth-free inhibition zone.

Strains exhibiting the antimicrobial activity from previous method were
subsequently investigated for their antibacterial compounds and inhibitory spectrum.
Firstly, the strains were cultivated in 100 mL of BHI broth (BHI, HiMedia, Mumbai,
India) at 37°C for 18 h. Culture supernatant was collected by centrifugation (9000 x g
for 30 min, at 4°C). The supernatants obtained were treated as follows: (i) the cell-free
supernatant (CFS) was used directly; (ii) the CFS was neutralized to pH 6.5 by using
6N NaOH to rule out the effect of organic acids (CFS-N); (iii) the CFS-N were treated
with proteases (a-chymotrypsin, pepsin, proteinase K and trypsin; Sigma-Aldrich,
Steinheim, Germany) with the final concentration of the protease was 1 mg/mL, and
incubated at 37°C for 3 h (CFS-NP). All the samples were filter-sterilized first (0.22

um) before investigated. Antibacterial activity spectrum of the strains was determined
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using the agar well-diffusion assay (Aslim et al., 2005). Twenty microliters of Staph.
aureus DMST8840 (10° CFU/mL) which was used as indicator strain seeded in brain
heart infusion (BHI, HiMedia, Mumbay, India) soft agar medium (0.75%, w/v) was
then poured into sterilized petri dish. After that, 50 uL of each samples were dispensed
into each well and incubated at 37°C for 24 h. The result reported as the diameter of
inhibition zone.

Molecular method was also applied to investigate the gene encoding
antimicrobial peptides of the selected strains. The sequences of primer pairs were listed
in Table 11. PCR mixtures contained the primers and 1 pg of genomic DNA. The
thermal cycling conditions were 5 min at 95°C, followed by 30 cycles of 30 s at 95°C,
30 s at 46 or 61°C, and 90 s at 72°C, and a final incubation for 7 min at 72°C. After
PCR amplification, 10 uL of each reaction mixture was resolved in a 1.0% (w/v)

agarose gel (Hong et al., 2014).

3.2.2.3 Hemolytic activity

Blood hemolysis was investigated by streaking the selected isolates in
onto tryptone soya agar (TSA) plates containing 5% (v/v) defibrinated human blood
(group O) at 37°C for 18 h, following the procedure as previously described in Chapter
2, section 2.2.2.2.

3.2.2.4 Biofilm formation

Biofilm formation ability was firstly investigated using the microplate
titer method as previously described in Chapter 2. Detection of icaA gene by PCR was
conducted as molecular technique to confirm and determine the ability of isolated
strains for producing biofilm. The specific pair of primers (Table 11) and the PCR
conditions to amplify icaA gene were performed using the method described by
Mgretrg et al. (2003). The thermal cycling conditions were: 5 min at 95°C, followed by
35 cycles of 1 min at 94°C, 1 min at 50°C and 1.5 min at 72°C. The amplified products

were resolved on 1.5% agarose gel.
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3.2.2.5 Antibiotic susceptibility

The antibiotic susceptibility test was performed
using the same method as previously described in Chapter 2, except the concentration
ranges (pug/mL) of antibiotics used for lipase-producing selected strains were:
ampicillin  (0.063-64); chloramphenicol (0.125-256); clindamycin (0.016-32);
erythromycin (0.016-32); kanamycin (0.016-32); penicillin G (0.016-32);
streptomycin (0.063—64); tetracycline (0.016—32) and vancomycin (0.063-64). The cut-
off values for determining MIC of selected strains were based on the the cut-off values
as suggested by European Committee on Antimicrobial Susceptibility Testing (Eucast)
(2017).

3.2.2.6 PCR detection of staphylococcal enterotoxins (SE) encoding

genes

The detection of classical SE encoding genes (sea, seb, sec, sed, and see)
was performed using the molecular method described by Moura et al. (2012). All
primers used are summarized in Table 11. The PCR reactions were prepared in a final
volume of 25 pL containing 10 pM of each primer, 1 x DreamTaq mastermix, DNase-
free water, and approximately template DNA. Amplification of sea and sed genes was
performed under the following thermal cycle condition: 5 min at 94°C; followed by 30
cycles of 45 s at 94°C, 45s at 54°C, and 45 s at 72°C; and final elongation for 5 min at
72°C. The other thermal program to detect the seb, sec, and see genes was as follow: 5
min at 94°C; followed by 35 cycles of 45s at 94°C, 45s at 55°C, and 45s at 72°C; and
final elongation for 5 min at 72°C. The amplified products were resolved on 1.5%

agarose gel.

3.2.2.7 Biogenic amines production
The determination of biogenic amines production of selected isolates

was performed using TLC and molecular method as previously described in Chapter 2.
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3.3 Results and Discussions
3.3.1 Isolation and screening of lipase-producing bacteria from Kapi

Lipase-producing bacteria were isolated and screened from the first step

of Kapi fermentation. Modified M73, MRS, and nutrient agar supplemented with 1%

of olive oil were used to screen lipase-producing bacteria. A total of 46 isolates

exhibiting orangish clear zone around its colony were obtained. Among them, 10

isolates were selected to determine their lipase activity quantitatively by copper-soap

method (Lee and Rhee, 1993). Finally, 4 isolates (LSM3, LSM4, LSM15, and LSM16)

exhibiting the highest lipase activity (Table 12) were subjected for further experiments.

Table 12. Lipolytic activity of selected lipase-producing bacteria

Source Isolate code Growth medium  Lipase activity (U/mL)*
A LSM2 mM73 0.29+0.01
B LSM3 mM73 0.45+0.03
B LSM4 mM73 0.43+0.02
C LSM5 mM73 0.37+0.02
C LSM9 mM73 0.33+0.03
C LSM10 mM73 0.49+0.04
C LSM11 MRS 0.32+0.02
C LSM12 MRS 0.28+0.01
B LSM15 NA 0.53+0.06
C LSM16 NA 0.66+0.03

A, producer A; B, producer B; C, producer C

*Values are given as mean = SD from triplicate determination

3.3.1.1 Morphology and physiological properties of selected lipase-
producing bacteria
Morphological characterization revealed that all 4 isolates were catalase
positive, Gram-positive, and non-spore-forming bacteria. All isolates were able to grow
similarly well at 30-40°C, while the slow growth was observed at 45°C. Isolates LSM3,

LSM4, and LSM15 were able to grow well in the presence of NaCl up to 15% while
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isolate LSM 16 showed well growth in the presence of 20% of NaCl. In addition, all
isolates exhibited poorly growth at concentration higher than 25% of NaCl (Table 13).
Salt tolerance is the principal technological properties for the starter development in
Kapi production because Kapi is prepared with high salt content about 10-30%
(Faithong and Benjakul, 2012).

Table 13. Morphology and physiology properties of selected lipase-producing bacteria

o Isolate
Characteristics
LSM3 LSM4 LSM15 LSM16
Gram staining Positive Positive Positive Positive
Catalase test Positive Positive Positive Positive
Spore staining Non-spore  Non-spore  Non-spore  Non-spore
forming forming forming forming

Growth in TSB at different temperature (°C)?

30 ++ ++ ++ ++

35 +++ +++ +++ +++

37 +++ +++ +++ +++

40 ++ ++ ++ ++

45 + + + +

Growth in TSB at various NaCl concentration (% wi/v)?

0 ++ ++ ++ ++
5 +++ +++ +++ +++
10 +++ +++ +++ +++
15 ++ ++ ++ ++
20 + + + ++
25 + + + +
30 - - - -

¥The bacterial growth at different temperatures and NaCl concentration is indicated as
follows: (+++) means fully (OD600 >1.5); (++) means moderately (OD600 ~ 0.5-1.5);
(+) means poorly (OD600 ~0.1-0-5); (-) means no growth (OD600 <0.1).
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3.3.1.2 Molecular analysis of the selected strains

All the selected isolates were also primarily identified by 16S rRNA
sequence analysis method. It was found that all isolates showed high similarity to genus
Staphylococcus with approximately 99% similarity (Table 14). In order to confirm
certain species, the specific primers (TstaG422 and Tstag765, Table 11) were used to
amplify the identity gene for staphylococci. Based on identification with the specific
primers, all selected isolates were identified as staphylococci (Figure 14). In addition,
according to 16S rRNA sequence analysis, isolates LSM3 and LSM4 were identified
as Staph. saprophyticus, while LSM15 and LSM16 were identified as Staph. xylosus.
All the 16S rRNA sequences were deposited in Genbank, with accesion numbers
MG251636, MG251637, MG251638, and MG251639 for isolates LSM3, LSM4,
LSM15, and LSM16, respectively. The phylogenetic tree constructed with MEGA v7.0
(Figure 15) also showed that LSM3 and LSM4 were closest in similarity with Staph.
saprophyticus, while isolate LSM 15 and LSM16 were closest with Staph. xylosus.

Table 14. Similarity of selected lipase-producing strains based on 16S rRNA sequence

analysis

Analysis based on 16S rRNA

Strain ) Sequence GenBank accession
Closest type strain o )
similarity (%) number of type strain

LSM3  Staph. saprophyticus ATCC 15305 99 NR074999.2
LSM4  Staph. saprophyticus ATCC 15305 99 NR074999.2
LSM15 Staph. xylosus ATCC 29971 99 D83374.1

LSM16 Staph. xylosus ATCC 29971 99 D83374.1
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Figure 14. The PCR products with staphylococci housekeeping genes for selected
strains. Lane M: 100bp DNA ladder; lane 1: Staph. aureus DMST8840; lane 2: LSM3;
lane 3: LSM4; lane 4: LSM15; lane 5: LSM16.

Staph. saprophyticus can be found in raw beef and pork, dairy product,
cheese, dry fermented sausages, also in food utensils used in food processing (Coton et
al., 2010; Rall et al., 2010; Soares et al., 2011). This Gram-positive coccus is the second
main responsible for uncomplicated lower urinary tract infections (UTIs) after E. coli
(Raz et al., 2005). Meanwhile, Staph. xylosus which was also found in many fermented
meat products and their derivatives, was rarely found to be pathogenic as Staph.
saprophyticus, so that Staph. xylosus can be widely applied as starter culture (Jeong et
al., 2016).
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Figure 15. Phylogenetic tree of the type strain of Staphylococcus species and selected
lipase-producing bacteria isolated from Kapi. The tree is constructed based on the
results of 16S rRNA sequencing. The scale bar corresponds to ten nucleotide
substitutions per 1000 nucleotides (evolutionary distances). Numerals indicate the
percentage of replicate trees in which the associated taxa clustered together in the
bootstrap test which are shown next to the branches. Evolutionary analyses were
conducted in MEGAT.

3.3.2 Technological properties and safety assessments of the selected

strains

3.3.2.1 Proteolytic activity

Certain technological properties should be possessed by a good starter
culture in order to adapt the condition during food fermentation. Together with lipase
activity that exhibit by each strain in this study, the protease activity of each strain was
also investigated in skim milk and casein agar plates. Nevertheless, none of the isolates
showed proteolytic activity. The same report was obtained by Jeong et al. (2016) who

found that most Staph. saprophyticus and Staph. xylosus strains isolated from fermented
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soybean possessed lipolytic activity did not exhibit protease activity however, only two
Staph. saprophyticus strains and a Staph. xylosus strain exhibited strain-specific
protease activity. In other studies, Staph. xylosus strains isolated from fermented
sausages showed esterase—lipase activities (Garcia-Varona et al., 2000; Papamanoli et
al., 2002). However, little information about the protease production has been reported
for Staphylococcus isolated from seafood fermentation. In fact, bacterial proteases
would also make available the formation of flavor in the fermented food (Martin et al.,
2007) besides the primary lipolysis which contributed to flavor development in
fermented food (Jeong et al., 2016).

3.3.2.2 Antimicrobial activity

Since the application of starters having antimicrobial potency against
pathogenic microorganisms has acknowledged greatly in fermented food product, the
antimicrobial activity against pathogenic bacteria is one important functional
characteristics of starter cultures needs to be investigated (Drosinos et al., 2005). Thus,
the antimicrobial activity of the selected strains was investigated against the most
frequently found pathogens, e.g. B. cereus, E. coli, L. monocytogenes, Staph. aureus,
Sal. Typhimurium, and V. parahaemolyticus. It was found that Staph. saprophyticus
LSM4, Staph. xylosus LSM15, and Staph. xylosus LSM16 exhibited antimicrobial
activity toward only Gram-positive indicator bacteria B. cereus DMST5540, Staph.
aureus DMST8840, and L. monocytogenes DMST17303 (Table 15). None of the Gram-
negative bacteria (E. coli, V. parahemolyticus, and Sal. Typhimurium) were inhibited
by isolated strains. This is because the cytoplasmic membrane of Gram-negative
bacteria is protected by an outer membrane composed of a phospholipid bilayer
surrounded by a tight shield of lipo-polysaccharide layer that hardly to be attacked by
many substances or compounds, such as bacteriocins, antibiotics, hydrophobic
compounds, detergents, and dyes (Raetz and Whitfield, 2002; Vaara, 1992). The similar
results were reported by Villani et al. (1997), Papamanoli et al. (2002), and Martin et
al. (2007), which showed that strains of Staph. xylosus displayed antimicrobial activity
against Staph. aureus and L. monocytogenes. However, none of those reports explained

about the origin of antimicrobial exhibited by the strains of Staph. xylosus.
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The antibacterial origin of the Staph. saprophyticus LSM14, Staph.
xylosus LSM15, and Staph. xylosus LSM16 were then further studied (Table 16). The
CFS which was directly used exhibited the inhibitory effect to Staph. aureus
DMST8840 as indicator strain. This inhibition effect might probably due to the
production of antibacterial compounds, such as organic acids or bacteriocin. After
ruling out the effects of organic acids (CFS-N), all the strains remain unchanged activity
in inhibiting the indicator strain. This could indicate that all the strains produced the
bacteriocin-like inhibitory substance (BLIS). Moreover, when the CFS-N treated with
proteolytic enzymes (CFS-NP), the complete inactivation was observed. This result
provides the preliminary assumption that the inhibitory activity of the selected strains
originated not from the organic acids action but from proteinaceous substances such as
BLIS. Some bacteriocins produced by Staph. xylosus have been categorized belong to
class 1ld lactococcin-like bacteriocins (Carson et al., 2017). However, so far none of
the Staph. xylosus isolates have been characterized for its bacteriocin encoding genes.
Thus, to conduct the PCR methods, the primers used were designed based on the
nukacin ISK-1 structural gene (nukA) and the post-translational modification encoding
gene for nukacin (nukM) of Staph. warneri and Staph. pasteuri (Sashihara et al., 2000;
Hong et al. 2014). This nukacin ISK-1 belongs to the same class 1ld lactococcin-like
bacteriocins of Staph. xylosus (Carson et al., 2017). Hong et al. (2014) reported that
only nukacin ISK-1 structural gene nukA could be amplified for Staph. pasteuri, but
nukM could not be amplified. In the present study, none of the genes encoding nukacin
bacteriocin could be amplified using those selected primers. This is probably due to the
fact that those primers were not specific for the bacteriocins of Staph. xylosus. Further
study about the bacteriocins and genes encoding them should be performed to define

the bacteriocins of Staph. xylosus.
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Table 15. Antimicrobial activity of selected strains toward several pathogenic bacteria

by agar spot assay

Indicator pathogenic bacteria Isolate
LSM3 LSM4 LSM15 LSM16

Staph. aureus DMST8840 - ++ ++ ++

E. coli DMST4212 - - - -

B. cereus DMST5540 - + + +

V. parahemolyticus DMST5665 - - - -

Sal. Typhimurium DMST 5784 - - - -

L. monocytogenes DMST17303 - ++ ++ ++

Notes: (+++) showed clear zone >20mm; (++) showed clear zone 11-20mm, (+) showed

clear zone <10mm; (-) no activity.

Table 16. The inhibitory spectrum of antibacterial compounds produced by selected

strains to Staph. aureus DMST8840 as indicator strain

Inhibitory activity

Isolate CFS-NP
CFS CFS-N

a-chy  Pep ProK  Try

Staph. saprophyticus LSM4  ++ ++ - - - -
Staph xylosus LSM15 ++ ++ - - - -
Staph xylosus LSM16 ++ ++ - - - -

Notes: (+++) showed clear zone >20mm; (++) showed clear zone 11-20mm, (+) showed
clear zone <10mm; (-) no activity.

a-chy: a-chymotrypsin; Pep: pepsin; Pro K: proteinase K; Try: trypsin

3.3.2.3 Hemolytic activity

In the present study, hemolytic activity of selected strains was also
investigated. Hemolytic activity has been linked to virulence in many pathogenic
microorganisms because some bacteria have developed hemolytic activity to obtain

nutrients from red blood cells (Vela et al., 2012). This will cause a human's health at
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risk by consuming the food contaminated with those bacteria. Therefore, strains
exhibited hemolytic activity may not be applicable as starter candidates. Our results
revealed that isolates LSM3, LSM15, and LSM16 displayed non-hemolytic activity (y-
hemolysis), meanwhile isolate LSM4 displayed a-hemolytic activity (Table 17). Jeong
et al. (2016) reported that 18.4% of 49 strains Staph. saprophyticus isolated from
fermented soybean displayed a-hemolytic activity, while 46.9% displayed y-hemolytic
activity. In addition, they also reported that 66.7% of 18 strains Staph. xylosus displayed
y-hemolytic activity and 11.1% displayed a-hemolytic activity. These results suggested
that hemolytic activity is a strain-dependent characteristic (Marty et al., 2012). Lipase-
producing strains displayed y-hemolytic activity can be considered as the strain which
did not induce hemolysis (Oh and Jung, 2015) and may be safe to be used as starter

culture.

Table 17. Hemolytic activity and biofilm formation ability of selected lipase-producing

bacteria
) Biofilm PCR result for
Hemolytic ) o
Isolate code o formation biofilm
activity? N ) -
ability®  formation ability®
Staph. saprophyticus LSM3 - (y) W -
Staph. saprophyticus LSM4 + (o) W -
Staph. xylosus LSM15 - (y) w -
Staph. xylosus LSM16 - (y) w -
Staph. aureus DMST4212 + (B) M +

2 + (o) means the isolate showed a-hemolysis activity; + () means the isolate showed
B-hemolysis activity; - (y) means the isolate showed y-hemolysis activity;

b M means moderate activity, W means weak ability

¢ (+) showed band correspond with the DNA fragment of icaA targeting gene; (-) no
band showed correspond with the DNA fragment of icaA targeting gene
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3.3.2.4 Biofilm formation ability

Biofilm formation ability is a phenomenon which happens in
microorganisms and surfaces exist in close proximity (Hall-Stoodley et al., 2012). In
the food industry, the microbial attachment to various surfaces may contribute to
potential hazard. Biofilm production has been reported also as one of the pathogenesis
indicators by the staphylococci (Jain and Agarwal, 2009). This could be later involved
in various microbial infections in the human body through the food consumption (Shi
and Zhu, 2009).

In this study, all staphylococci strains displayed weak biofilm formation
which was determined spectrophotometrically based on the criteria proposed by
Stepanovic et al. (2000). Confirmation test were also performed by PCR amplification
of icaA gene which is responsible in biofilm formation. It was found that all strains
were icaA negative (Table 17). This result was in accordance with Landeta et al. (2013)
who found that Staph. xylosus strains which showed weak biofilm formation detected
spectrophotometrically also were icaA negative. The presence of the icaA was positive
only in some strains that previously were positive as determined by spectrophotometric
method. This correlation can be found in the case of Staph. aureus which showed
moderate biofilm formation ability determined by spectrophotometric method and also
showed positive band of icaA. This result indicates that biofilm formation ability could
be considered as strain dependent characteristic (Jeong et al., 2014). In addition, the
existence of genes probably involve in the bifilm formation is one indicator for
confirming biofilm formation ability of tested strains (Landeta et al., 2013; Asai et al.,
2015).

3.3.2.5 Antibiotic susceptibility

In the selection of promising starter culture, antibiotic resistance is one
important characteristic should be considered first. This is because starter culture can
be the potential contributing vector of antibiotic to microbiota through the fermentation
process. These determinants can spread to humans through the food consumption
(CDC, 2013). In this study, antibiotic susceptibility of all selected lipase-producing

strains was tested against nine generally human used antibiotics including ampicillin,
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chloramphenicol, clindamycin, erythromycin, kanamycin, penicillin G, streptomycin,
tetracycline, and vancomycin. It was found that strains LSM15 and LSM16 showed
sensitivity to all antibiotics tested. However, isolate LSM3 showed resistance to
clindamycin and LSM4 resisted to both clindamycin and tetracycline (Table 18). Staph.
saprophyticus, which is the second pathogenic bacteria after E. coli commonly caused
urinary tract infection so that the incidence to find resistance in most Staph.
saprophyticus against numerous antibiotics, including those of clinical importance are
common (Price and Flournoy, 1982; Kuroda et al., 2005). Podkowic et al. (2012)
reported that two strains of Staph. saprophyticus isolated from ready-to-eat meat
harbored the tet (tetracycline resistance gene). In addition, Lee et al. (2015) also
reported that Staph. saprophyticus strains isolated from Korean fermented soybean
paste showed resistance to tetracycline and lincosamide antibiotics (such as
clindamycin). Antibiotic resistance in staphylococci may cause health problem in
humans because they may contribute in nosocomial and bloodstream infections (Osman
etal., 2016).
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Table 18. Antibiotic susceptibility of selected lipase-producing bacteria

Cut-off value MICg of isolate
Antibiotics®

(ug mL 1P LSM3 LSM4 LSM15 LSM16
Amp n.r.° 0.5 4 0.13 0.25
Cam 16 8 8 8 1
Clin 0.26 0.5 0.5¢ 0.13 0.13
Ery 2 1 0.26 0.06 1
Kan 2 0.26 0.06 0.13 0.26
Pen G 2 1 1 1 0.13
Str n.r.° 4 8 2 0.26
Tet 2 0.5 41 0.5 0.5
Van 4 2 4 2 2

& Amp, ampicillin; Cam, chloramphenicol; Cli, clindamycin; Ery, erythromycin; Kan,
kanamycin; Pen G, penicillin G; Str, streptomycin; Tet, tetracyclin; and Van,
vancomycin

bThe cut-off values as suggested by Eucast (2017)

“n.r.: not required

d showed resistance to corresponding antibiotics

3.3.2.6 Staphylococcus enterotoxin (SE) genes

One of the causes of food poisoning is the ability of some
microorganisms to produce toxin in the food processing. The genus Staphylococcus is
overly concerned about its pathogenicity because they can produce staphylococcal
enterotoxin (SE) lead to food poisoning. SE is a type of emetic toxins and is generally
classified as one of the members of the pyrogenic toxin superantigen family (Balaban
and Rasooly, 2000). Several SE genes have been found in staphylococci, but the most
frequently reported (as classical SE genes) are sea, seb, sec, sed, and see. Because of
SE’s pathogenicity, the staphylococci intended to be applied as starter culture should
not harbor the SE genes. In this study, amplification of SE genes was not observed from
any of selected strains suggesting that they would not produce SEs (Table 11). The

pathogenic Staph. aureus was the most staphylococci harboring the SE genes compared
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with others (Udo et al., 1999; Blaiotta et al., 2004). Meanwhile, the most prevalent
coagulase-negative staphylococci (CNS) harbored the SE genes are Staph. epidermidis
and Staph. cohnii while Staph. xylosus is rarely reported (Guimaraes et al., 2013;
Piechota et al., 2014). Our study revealed that all the isolated strains did not harbor any
of the classical SE genes which means they are safe to be applied as starter cultures in

the Kapi production.

3.3.2.7 Biogenic amine production

Another key factor related to the use of staphylococci affecting food
safety is their ability to produce BAs. BAs can be found widely in fermented food
products especially those with high protein content (Shalaby, 1996; Sila Santos, 1996).
The activity of decarboxylation of amino acids by various microbes can increase the
levels of BAs in food products. This can lead to contaminated foodstuffs and
endangered the safety of humans (Naila et al., 2010). However, information on the
production of BAs is limited to staphylococci isolated from fermented meat or sausages.
Very few reports are currently available regarding the ability of BAs production in
staphylococci isolated from seafood fermentation. In this study, Staph. xylosus LSM16
was selected for determining its ability in BAs production. It was found that this strain
did not produce the four BAs (histamine, putrescine, cadaverine, and tyramine) by TLC
method as depicted in Figure 16. In addition, based on PCR method, it was found that
Staph. xylosus LSM16 did not harbor the hdc, tdc, odc, and Idc genes (Table 10). Seitter
et al. (2011) reported that the formation of BAs has not been found in Staph. xylosus
isolated from various fermented foods. The most common BAs found in fermented
foods and microorganisms related to them are histamine and tyramine. These BAs have
toxicological effects causing vasodilation and affecting the central nervous system
(Blough et al. 2014). In addition, putrescine and cadaverine have toxic effects because
of their high relevancy with histamine and tyramine (Perin et al., 2014). Talon and
Leroy (2011) considered BAs as major concerns because they can lead to food
poisoning. Several coagulase-negative staphylococci (CNS) such as Staph. carnosus,
Staph. epidermidis, Staph. piscifermentans, Staph. saprophyticus, Staph. warneri, and

Staph. xylosus can decarboxylate amino acids (de las Rivas et al., 2008). However, the
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specifity, presence, as well as the activity of decarboxylases are strain-specific
(Belicova et al., 2013). In the present study, it has been found that Staph. xylosus
LSM16 can be regarded as non-BA producer as confirmed by TLC and molecular
methods. Therefore, this strain is safe to be applied as a starter culture in the Kapi

production.

<«——  Solvent front

<+«———  Starting point

Figure 16. Dansylated biogenic amines standards as separated by TLC: histamine (1),
putrescine (2), cadaverine (3), and tyramine (4). Culture-free supernatants of Staph.
xylosus LSM16 grown in TSB medium containing substrate: histidine (5), ornithine (6),

lysine (7), tyrosine (8).

3.4  Conclusions

Staph. xylosus LSM16 showed remarkably technological properties to
be applied as a starter culture for the Kapi production. It exhibits high lipase activity,
considerable salt tolerance, has BLIS activity toward pathogenic bacteria, y-hemolysis,
weak biofilm formation ability, and susceptible to all antibiotics tested. In addition, it

was also did not harbor the classical SE genes and genes encoding several important
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decarboxylase enzymes. All these features are principal factors that should be possessed
by a good and functional starter culture. Therefore, the Staph. xylosus LSM16 could be
applied as the promising starter culture in the Kapi production. Application of this strain
might be contributing to improvement of Kapi quality.
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CHAPTER 4

OPTIMIZATION OF PROTEASE PRODUCTION BY
Virgibacillus halodenitrificans MSK-10P

Abstract

The aim of this study was to determine the optimum conditions for the
production of protease by Virgibacillus halodenitrificans MSK-10P isolated from Kapi.
This strain was selected not only because it exhibited high protease activity among five
isolated protease-producing bacteria, but it also had several important technological
properties and safety attributes. A one time-factor-at a-time (OFAT) method was
employed to find out the parameter affecting its protease production. Temperature and
pH optimum for the protease production by V. halodenitrificans MSK-10P were 37°C
and 8.0, respectively. In addition, casein (1%, w/v) was suitable for high protease
production. Moreover, the maximum protease production was obtained by 2.5% (v/v)
of inoculum size, agitation at 150 rpm, and the addition of 10% (w/v) NaCl in the
medium. The obtained crude extract of the protease was stable at 0-25% of NaCl.
Cultivation under optimum condition revealed that the highest protease production was
obtained at 36 h incubation time. The activity was increased 3.83-fold from 9.47 U/mL
to 36.32 U/mL after optimization of culture condition. Therefore, this protease from
strain MSK-10P has potential for application in food processing that needs high salt

condition.

Keywords: halotolerant, Kapi, optimization, protease, Virgibacillus halodenitrificans
MSK-10P.
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4.1  Introduction

Proteases hydrolyze peptide bonds in proteins into small chain peptides
and free amino acids which all living cells can captivate and utilize these smaller
molecules easier. Proteases are widely applied in the industrial processing required
protein degradation since they have broad specificity of the substrate, especially in the
food and beverage, textile, pharmacy, and chemicals industries. Proteases also account
for about 60% of global market for enzyme application (Sarrouh et al., 2012). The
enzyme-based process technology potentials to use raw materials efficiently, produce
minimal or no waste, and avoid the use of toxic chemicals (Singh and Bajaj, 2016).

Halophilic enzymes have inimitable enzymatic purposes compared with
non-halophilic. Halophilic enzymes can remain their higher activity and longer stability
even in the environment with high salt concentrations (1-4 M). Meanwhile,
halotolerant protease has unique catalytic purposes. It can function at wide range of salt
environment, from no salt until high salt condition (Amoozegar et al., 2003; Suganthi
etal., 2013).

Most of the fishery fermentation carried out in high salt condition. Kapi
was produced in the salt concentration around 10-30% (w/w) NaCl (Faithong et al.,
2010). Halophilic and halotolerant microorganisms which contributed to the shrimp
paste fermentation process, such as Bacillus sp., Lentibacillus sp., Pediococcus sp.,
Pseudomonas sp., Staphylococcus sp., Tetragenococcus sp., Virgibacillus sp., were
reported as the source of protease involved in the fermentation process (Surono and
Hosono, 1994; Kobayashi et al., 2003; Pakdeeto et al., 2007; Chuon et al., 2013; Lestari
etal., 2017).

Virgibacillus sp. has been classified as halotolerant group of bacteria
mostly found in saline habitats including food matrices (Heyrman et al., 2003). Several
species of this genus are able to produce extracellular proteases. V. halodenitrificans
SK1-3-7 which was isolated from Thai fish sauce has been found to produce fibrinolytic
enzymes (Montriwong et al., 2012). Serine alkaline proteases also were characterized
from V. pantothenticus (MTCC 6729) and V. dokdonensis VITP14 (Gupta et al., 2008;
Rajeswari et al., 2012). In addition, the protease from V. halodenitrificans RSK CAS1
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was characterized as thermostable, halo-alkaline, as well as high stability to solvents
and detergents (Sathishkumar et al., 2014).

In this study, V. halodenitrificans MSK-10P isolated from Kapi which
previously selected was investigated for its protease production based on its
technological properties and safety attributes, such as high proteolytic activity, tolerate
to the high salt environment, y-hemolysis, susceptible to several antibiotics tested, and
neither a biofilm nor BAs producer. Several physical and chemical conditions required
for the production of protease was optimized using one-factor-at a-time (OFAT)
method to determine the optimum condition for achieving high protease production.

4.2  Materials and Methods
4.2.1 Bacterial strain and inoculum preparation

A loopful of V. halodenitrificans MSK-10P strain after growth on NA
plate at 37 °C for 2 days was inoculated in a flask containing 25 mL of nutrient broth
(NB, HiMedia, Mumbai, India) medium supplemented with 10% (w/v) NaCl. The flask
was incubated at 37 °C under agitation at 150 rpm for 24 to 36 h. The cell culture was
used as an inoculum when its optical density at 600nm (OD600) was around 1.0. Then,
1% (v/v) of inoculum was transferred into enzyme production medium. Production
medium (PM) was a modified medium by Aruna et al. (2014) consisted of (%w/v):
peptone 1.0; beef extract 1.0; NaCl 10.0; and skim milk 1.0, with pH set at 7.0. Culture
broth of V. halodenitrificans MSK-10P was harvested by centrifugation (9800 x g) at

4°C for 10 min and used as crude protease for the determination of protease activity.

4.2.2 Optimization of protease production by V. halodenitrificans MSK-
10P
The one-factor-at a-time (OFAT) experiment was used to determine the
optimum condition for protease production. Initial conditions were as follows: pH

medium was 7.0, time of incubation was 24 h, and agitation speed was 150 rpm.
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4.2.2.1 Effect of incubation temperature on protease production

The optimum temperature for protease production was investigated by
culturing the strain in PM at various temperatures (25-50 °C), under shaking at 150
rpm. The protease production was determined in terms of protease activity by using
modified Anson method as previously described in Chapter 2.

4.2.2.2 Effect of initial pH on protease production

The optimum of initial pH on protease production was investigated by
culturing V. halodenitrificans MSK-10P in PM at various pH values: 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, 10.0, and 11.0. The pH of the medium was adjusted using 0.1N HCI or 0.1N
NaOH. The cultivation was performed at selected optimum temperature obtained from
section 4.2.2.1 for 24 h with constant agitation at 150 rpm. Then, the protease

production was measured.

4.2.2.3 Effect of additional nitrogen source on protease production

The effect of different nitrogen sources on the protease production was
investigated by incorporating the available nitrogen source in PM (peptone and beef
extract) with 1% (w/v) of various additional nitrogen source including casein, skim
milk, bovine serum albumin (BSA), shrimp shell powder (SSP), tuna condensate (TC),
and urea. The SSP was prepared by cleaning the shrimp shell with water, drying for 12
h at 55°C, and grinding the shrimp shell through a 22-mesh sieve to obtain the SSP. The
TC was prepared by freeze-drying the tuna condensate from the local tuna canning
factory. Furthermore, the effect of different concentrations of the selected additional
nitrogen source (0.5, 1.0, 1.5, 2.0, and 2.5%) was also investigated. The cultivation was
performed with the optimum temperature and pH as selected from section 4.2.2.2 and
4.2.2.3 under shaking at 150 rpm for 24 h. Afterwards, the protease production was

measured.

4.2.2.4 Effect of optimum NaCl concentration on protease
production and stability
The effect of various NaCl concentrations on the protease production
was also investigated. Various NaCl concentrations (0.0, 3.0, 5.0, 7.0, 10.0, 15.0, 20.0,
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25.0, and 30.0 %, w/v) were added into PM containing selected conditions from
previous experiment. The protease activity was determined after incubation for 24 h
with shaking speed at 150 rpm.

In addition, the stability of protease under various NaCl concentrations
was also investigated. Crude protease was pre-incubated in phosphate buffer (50 mM,
pH 8.0) containing various NaCl concentrations (% wi/v) of 0.0, 3.0, 5.0, 7.0, 10.0, 15.0,
20.0, 25.0, and 30.0, for 2 h at 37°C. Afterwards, the activity was mesured by using
modified Anson method as previously described and the relative activity of crude
enzyme was determined using the maximum activity of the respective NaCl
concentration as 100% (Sinha and Khare, 2012).

4.2.2.5 Effect of inoculum concentration on protease production

The effect of the inoculum concentrations on protease production was
also investigated. Various concentrations of bacterial culture ((% v/v): 0.5, 1.0, 1.5, 2.0,
2.5, 3.0, 5.0, and 10.0) were added to the medium with the optimum NaCl
concentration. The protease activity was determined after incubation for 24 h under

previously selected conditions.

4.2.2.6 Effect of agitation speed on protease production
The optimum agitation speed (100, 150, 200, and 250 rpm) required for
protease production was investigated. The protease activity was determined after

incubation for 24 h under previously selected conditions.

4.2.3 Time course of protease production
For the time course study of the protease production, the combination of
selected conditions and medium from sub-section 4.2.2.1-4.2.2.6 was used. The
bacterial culture with optimal inoculum concentration was transferred into 50 mL of
PM containing suitable additional nitrogen source and concentration of NaCl with
optimum initial pH. The culture was incubated at selected temperature and agitation for
given period (72 h). The samples were taken continuously at 6 h of the time interval

until 72 h for measuring the cell growth and protease production. The cell growth was



88

measured by using spread-plate method on NA plate supplemented with 10% (w/v)

NaCl and 1% (w/v) casein.

4.2.4 Protease activity assay
Protease activity was determined according to modified Anson method
developed by Cupp-Enyard (2008) as previously described in Chapter 2, sub section
2.1.2.

4.2.5 Statistical analysis
All the experiments were performed in triplicate and level of
significance was + 5%. Statistical analysis was performed using SPSS v 16.0. Analysis
of Variance (ANOVA) and mean comparison by Duncan’s Multiple Range Test
(DMRT) were performed.

4.3  Results and Discussions
4.3.1 The optimization of protease production

4.3.1.1 Effect of temperature on protease production

The effect of temperature on protease production by V. halodenitrificans
MSK-10P can be figured out in Figure 17. In this experiment, the highest protease
activity of 12.03 U/mL was obtained at 37°C, followed by at 40°C which gave slightly
different activity of 11.36 U/mL (p<0.05). These incubation temperatures gave
activities higher than that the initial activity (9.47 U/mL) performed at 30°C. However,
the decrease in activity was found at high temperature of 45 and 50°C which gave lower
protease activity of 10.23 and 7.95 U/mL, respectively. Other reports found the
optimum temperature for protease production by V. pantothenticus and V.
halodenitrificans RSK CAS1 was at 40°C (Gupta et al., 2008; Satishkumar et al., 2014).

In this experiment, lower enzyme activity was observed at below
optimum temperature (37°C) due to low activation energy which are available, while at
the temperature 40°C and above, the protease activity decreased. At low temperature,
the enzymatic reaction is slow, the increase in temperature will accelerate the reaction,

until the optimum temperature is reached, and the enzymatic reaction reaches its
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maximum. The increase in temperature over the optimum temperature will cause the
enzyme to denature and decrease the speed of enzymatic reactions as well as reduce its
activity (Whitaker, 1994).
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Figure 17. Effect of the optimum incubation temperature on protease production by V.
halodenitrificans MSK-10P. Cultivations was performed in PM (pH 7.0) under shaking
at 150 rpm for 24h. Error bars represent the standard deviations (n=3). Different

lowercase letters indicate significant differences (p<0.05).

4.3.1.2 Effect of initial pH on protease production

Effect of initial pH on protease production by V. halodenitrificans MSK-
10P was investigated. Various pH was tested at the range of 4.0 — 11.0 (Figure 18). This
strain exhibited protease production increasingly up to a pH of 8.0 and a decreasingly
thereafter. The highest protease production was obtained at pH 8.0 (17.18 U/mL),
which was almost 2-fold higher than that the initial activity (9.47 U/mL) at pH of 7.0.
Similar result was reported by Rajeswari et al. (2012) who showed that pH 8.0 was the
optimum pH for protease production by V. dokdonensis VITP14. Different results were
reported by other studies which obtained the pH optimum of protease production by V.
pantothenticus MTCC 6729 and V. halodenitrificans RSK CAS1 was 9.0 (Guptaet al.,
2008; Satishkumar et al., 2015).
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It is well understood that the pH of culture media influences the
availability of metabolic ions and the permeability of certain bacterial cell membranes,
which give effect on the stability or conformation of the plasma membrane. This
consequently affects the membrane-bound ribosomes involved in the synthesis or the
production of enzymes (Razak et al., 1997; Ellaiah et al., 2002). The enzyme
production could be reduced beyond the optimum pH because of enzyme inactivation
or its instability. Enzymes are very sensitive to changes in pH and they function best
over a very limited range, with a definite pH optimum (Sabu et al., 2005).
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Figure 18. Effect of the initial pH on protease production by V. halodenitrificans MSK-
10P. Cultivations was performed in PM under shaking (150 rpm) at 37°C for 24 h. Error
bars represent the standard deviations (n=3). Different lowercase letters indicate
significant differences (p<0.05).

4.3.1.3 Effect of additional nitrogen source on protease production

The effect of additional nitrogen sources as substrate for incorporating
available nitrogen source within the production medium on protease production by V.
halodenitrificans MSK-10P was investigated. Among the tested nitrogen sources

(Figure 19), it was found that the presence of casein exhibited the highest protease
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production (23.85 U/mL). This result showed 2.5-fold higher than the initial protease
activity (9.47 U/mL). In the presence of other nitrogen sources observed in this
research, such as skim milk, shrimp shell powder, tuna condensate, BSA, and urea, the
protease production was 17.18, 14.26, 15.34, 12.40, and 11.0 U/mL, respectively.
Similar report by Park et al (2013) showed that the highest protease production was
obtained by applying combination of yeast extract and casein. It was also reported by
others that using casein as a nitrogen source or as a substrate in protease production
gave highest activity (Yang et al., 2000; Vijayaraghavan et al., 2014). The amino acids
and peptides in casein may be served as specific inducers for increasing protease
production by V. halodenitrificans MSK-10P compared with other nitrogen sources
tested in this study (Andrade et al., 2002). Therefore, casein was selected to be used as
the additional nitrogen source for the next optimization process. Various concentration
of casein was optimized for protease production. The optimum concentration of casein
was 1% giving the highest activity of 23.89 U/mL (Figure 20). Increasing the casein
concentration higher than 1% gave the adverse effect on protease production. This was
because the more the substrate level could lead to the suppressive role of substrate and
excessive amount of amino acids and nitrogen source which may cause the decreasing

of protease production (Chu, 2007).
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Figure 19. Effect of nitrogen source on protease production by V. halodenitrificans
MSK-10P. Cultivations was performed in PM (without skim milk, pH 8.0) under
shaking at 150 rpm for 24h. Error bars represent the standard deviations (n=3). Different
lowercase letters indicate significant differences (p<0.05).
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Figure 20. Effect of the concentration of casein (%) on protease production by V.
halodenitrificans MSK-10P. Cultivations was performed in PM (pH 8.0) under shaking
at 150 rpm for 24h. Error bars represent the standard deviations (n=3). Different

lowercase letters indicate significant differences (p<0.05).
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4.3.1.4 Effect of NaCl concentration on protease production

V. halodenitrificans MSK-10P was previously identified as a
halotolerant. Thus, the effect of various NaCl concentration on protease production by
V. halodenitrificans MSK-10P was also investigated. It has been found that protease
production increased with increasing salinity (0—7 % NaCl, w/v) and reached its
maximum at 10 % NaCl (Figure 21). Increasing NaCl higher than 10% caused
decreasing of protease production. At optimum NaCl concentration (10%), the
production (24.03 U/mL) showed 2.5-fold higher than initial production (9.47 U/mL).
Since at the initial condition, several other parameters have not been optimized yet,
even the initial NaCl concentration was also 10% (w/v). Similar result has been found
by Lam et al. (2018) who reported that 10% NaCl was the optimum NaCl concentration
for protease production by Virgibacillus sp. CD6. The higher NaCl concentration away
from optimum point the lower decreasing production obtain. It can be explained that
increasing the concentration of salt means increasing the number of ions in solution
which lead to imbalancing the electrostatic ions out of optimum concentration needed
(Choudhury, 2009). This imbalance may disrupt the metabolism process in bacteria for

synthesizing proteins (Wiley et al., 2008).



94

28

24 -

20 -

a
b
c c
d
e e
16
f
0 n T T T T T T T
0 3 5 7 10 15 20 25

NaCl concentration (% wi/v)

Proteasse activity (U/mL)

(o]
1

SN
1

Figure 21. Effect of NaCl concentration on protease production by V. halodenitrificans
MSK-10P. Cultivations was performed in modified PM (pH 8.0) under shaking at 150
rpm for 24h. Error bars represent the standard deviations (n=3). Different lowercase

letters indicate significant differences (p<0.05).

The stability of crude protease from V. halodenitrificans MSK-10P on
various NaCl concentrations was also investigated at 0-30% NaCl (w/v). It can be seen
from Figure 22 that the protease activity of crude enzyme was stable at wide range of
applied NaCl concentration (0-25%). The optimum activity was obtained at 10% NaCl.
At 0-20% NaCl concentration, the protease activity still retained its activity above 80%,
while at 25% NaCl the activity still retained 75%. At 30% NaCl the activity lost about
50% compared with the highest activity obtained at 10% NaCl concentration.
Therefore, it can be concluded that crude protease from V. halodenitrificans MSK-10P
could work effectively and stable at broad range of NaCl concentration (0-25%). This

halostable activity allowed protease from V. halodenitrificans MSK-10P to be
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potentially useful in food fermentation which required non-salty and salty environment.
Other reports found that protease from Virgibacillus sp. EMB13 was stable at 0-15%
NaCl (Sinha and Kare, 2013), while the protease from Virgibacillus sp. CD6 was stable
at 0-12.5% NaCl (Lam et al., 2018). Protease from other Virgibacillus sp. SK33 also
exhibited similar stability at various NaCl concentration (Sinsuwan et al., 2010). It was
clearly shown that halophiles accumulate salt or organic molecules to maintain their
cellular osmotic balance. Their enzymes are accustomed to being optimally active at
high salt environment condition. Therefore, salt is a crucial factor for protease
production by halotolerant microorganisms for maintaining optimum enzymatic

activity as well as preventing the protein denaturation (Ventosa et al., 1998; Oren,
2008).
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Figure 22. Stability of crude protease from V. halodenitrificans MSK-10P under
various NaCl concentrations (%). The highest activity at optimum NaCl concentration

was used as the standard. Error bars represent the standard deviations (n=3).



96

4.3.1.5 Effect of inoculum size on protease production

Effect of inoculum size on protease production was also studied in this
experiment. The increasing of inoculum size from 0.5-2.5% showed increasing in
enzyme production reaching the optimum at 2.5% level (27.37 U/mL) while further
increasing the inoculum size caused reducing the protease production (Figure 23).
Similar reports on the maximum protease production under 3% inoculum size were
observed by other researchers. Zambare et al. (2011) and Nilegaonkar et al. (2007)
reported maximum protease production under 3% inoculum size by P. aeruginosa and
B. cereus. High inoculum size showed reduction of protease production. Lack of
oxygen and reduction of nutrient could be the problem if high inoculum size was
applied (Malherbe et al., 2007). This was confirmed by Haritha et al. (2012) who also
observed the reduction in protease production by 36.3 and 58.4% in the inoculum size
at 8.0 and 10.0%, respectively.
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Figure 23. Effect of the inoculum size for protease production by V. halodenitrificans
MSK-10P. Cultivations was performed in modified PM under shaking at 150 rpm for
24h. Error bars represent the standard deviations (n=3). Different lowercase letters

indicate significant differences (p<0.05).
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4.3.1.6 Effect of agitation speed on protease production

The suitable agitation speed could assist in the mixing process of the
available nutrients in the medium. Agitation also plays a significant role in the
microbial growth. The suitable speed of agitation will support the success of the
fermentation process (Ibrahim et al., 2015). In this experiment, the agitation at 150 rpm
gave highest protease production with activity of 27.24 U/mL (Figure 24). The lowest
production was shown at agitation speed of 100 rpm which could probably caused by
lack of oxygen and nutrients needed by the bacteria. Low production also showed at
higher agitation speed which could probably because of the highest speed may
contribute to the damage of the cell structure. Agitation not only increases the transfer
of mass and oxygen between distinct phases but also sustains homogeneous conditions
of the system through a continuous mixing process. In addition, shear forces could
possibly happen, which will affect the state of microorganisms, such as morphological
changes, various growth performance, development of metabolite, and even cause cell
destruction (Kim et al., 2003; Zhou et al., 2018).
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Figure 24. Effect of the agitation speed on protease production by V. halodenitrificans
MSK-10P. Cultivations was performed in modified PM at 37°C for 24h. Error bars
represent the standard deviations (n=3). Different lowercase letters indicate significant
differences (p<0.05).
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4.3.2 Time course production of protease by Virgibcillus MSK-10P

Figure 25 shows the time course of protease production under the
optimized conditions obtained from previous optimization process for 72 h. The
protease activity was observed to increase steadily to the highest value at 36 h, and
thereafter a steady decline in activity until 72 h. The activity at 36 h (36.32 U/mL)
showed 3.83-fold higher than the initial activity before optimization process (9.47
U/mL). Cultivation time for protease production and its activity may differ among
different organisms. As an example, the highest activity of protease produced by
Virgibacillus sp. EMB13 was obtained at 60 h of cultivation. Other report for protease
production by B. licheniformis isolated from saltern sediments found the maximum
protease activity was obtained at 24 h (Suganthi et al., 2013). Meanwhile, cultivation
time at 72 h gave the highest protease activity of Virgibacillus sp. TKNR13-3
(Tanasupawat et al., 2011). Several factors influence protease activity, thus, affect its
production. Cultivation time may impact the production of protease. In addition,
differences in medium pH, cultivation temperature, and salt concentration, may
contribute also in protease activity and production (Pant et al., 2015). In addition,
Figure 25 shows that the protease production followed the growth-associated model in
which the protease was produced along with the growth of the microbial cells and the
product concentration is almost directly proportional to microbial growth. However,
the protease production was sharply decreased from 48 h while the microbial growth
showed constant. This could probably cause by the production of other metabolites
during the stationary phase and the competition of uptaking the substrate by the cells

for its growth and for the protease production (Mazzuti et al., 2007; Wortel et al., 2018).
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Figure 25. Time-course of protease production by V. halodenitrificans MSK-10P at
selected optimum conditions (temperature 37°C, pH 8.0, 1% (w/v) casein, 10% (w/v)
NaCl, 2.5% (v/v) inoculum, and under agitation at 150 rpm). Error bars represent the
standard deviations (n=3). Different uppercase and lowercase letters indicate significant
differences (p<0.05).

44  Conclusions

In this study, the cultivation conditions affecting protease production by
V. halodenitrificans MSK-10P has been optimized by using OFAT method. The highest
protease production was obtained after 36 h of cultivation in the production medium
contained 1.0% casein (w/v), 10% NaCl (w/v), 2.5% (v/v) inoculum size, and pH 8.0,
under growth condition of temperature at 37°C and agitation 150 rpm. The highest

protease production at this optimum condition was 36.32 U/mL showing 3.83-fold
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increase from the initial production of 9.47 U/mL. Based on the time-course
experiment, this protease showed the growth-associated enzyme model. In addition, the
stability of crude protease of V. halodenitrificans MSK-10P toward various NaCl
concentration showed that it can be classified as halo-tolerant protease since it was
stable at a broad range of NaCl concentration (0-25% w/v). Therefore, this protease has

the potential to be applied in the industrial process under saline environment.
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CHAPTER 5

OPTIMIZATION OF LIPASE PRODUCTION BY
Staphylococcus xylosus LSM16

Abstract

An optimization study was conducted for determining several optimum
parameters contributed in lipase production by Staphylococcus xylosus LSM16, a strain
isolated from fermented shrimp paste (Kapi). This strain was selected because it
exhibited high lipase activity as well as the technological properties compared with
other four isolated lipase-producing bacteria previously isolated. A one-factor-at a-time
(OFAT) method has been conducted in order to select the suitable parameter affecting
its lipase production. The temperature and initial pH optimum for lipase production
were 37 °C and 7.0. In addition, 2.0% (w/v) olive oil, 10% (w/v) NaCl, and 1.5% (v/v)
inoculum concentration were all gave the highest lipase production as well as the
agitation speed at 150 rpm. Meanwhile, time course experiment using the selected
optimum conditions showed that at incubation time 48 h the lipase production was the
highest (2.27 U/mL) which indicated 3.34-fold from initial production (0.67 U/mL).
Furthermore, this lipase also showed halotolerance since the lipase activity was stable
at wider range of NaCl concentration (0-20%, w/v).

Keywords: Kapi, lipase, Staphylococcus xylosus LSM16, optimization.
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51 Introduction

Lipases (EC 3.1.1.3) are groups of hydrolytic enzymes which facilitate
the breakdown of ester bonds in long-chain acylglycerols through hydrolysis reaction.
Lipases contributed to high industrial enzyme market since it is important in
biotechnological process (Sangeetha et al., 2011). Lipases are commonly used in a
broad range of applications, such as in the fine chemicals’ synthesis process; fats, oils,
and food processing; cosmetics and pharmaceutical production; textile and paper
manufacturing; wastewater treatment; the detergent and degreasing agents
formulations; as well as in biodiesel production (Bayoumi et al., 2007). Lipases can be
obtained from various sources, from animals to microorganisms. Microbial lipases
considered as more useful source of lipase because of their high yields, various catalytic
activities, not dependent of seasonal aspect, and fast growth on cheaper media. In
addition, microbial lipases are also more stable comparing with plant and animal lipases
(Verma et al., 2008).

Several parameters influence lipase production including nutritional,
chemical, and physical conditions such as the carbon and nitrogen sources, temperature,
pH of the medium, type of inducer, and agitation. The presence of certain inhibitors,
activators, the quantity and origin of inoculum as well, can also influence the production
of lipases (Ebrahimpour et al., 2008).

Staphylococci lipases has been known for their high contribution for
developing aroma in fermented food products (Talon et al., 1997). Numbers of
Staphylococcus species have been found as lipase sources for industrial purposes such
as lipase from Staph. arlettae (Chauhan et al., 2013), Staph. aureus (Horchani et al.,
2009; Hu et al., 2012), Staph. epidermidis (Chang et al., 2000), Staph. haemolyticus
(Lee and Kim, 2015), Staph. lipolyticus (Arora, 2013), Staph. simulans (Sayari et al.,
2001); Staph. warneri (Yokoi et al., 2012), and Staph. xylosus (Bertoldo et al., 2011;
Bouaziz et al., 2011). Staphylococcal lipases are mostly extracellular and like other
lipases, their production influenced by several nutritional, chemical, and physical
factors (Gotz et al., 1998; Horchani et al., 2012).
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Staph. xylosus is widely applied as lipolytic starter culture in the dairy
and meat fermentation such as sausages, ham, milk, and cheese. Its lipase activity
played a significant role in the fermentation process (Talon et al., 1996; Ghribi et al.,
2009). In this study, a salt-tolerant lipase-producing bacterium, Staph. xylosus LSM16,
which was previously isolated from Thai fermented shrimp paste (Kapi) has been
studied for its lipase production. This strain was selected not only because it has the
highest lipase activity compared with other strains but this strain also has various
technological properties and safety attributes, such as antimicrobial activity toward
several pathogenic bacteria, y-hemolysis, weak ability to produce biofilm, susceptible
to several tested antibiotics, and neither carry any enterotoxin genes nor produce
biogenic amines. Various nutritional, chemical, and physical parameters contributed to
lipase production were optimized by applying “one-factor-at a-time” (OFAT) method
to obtain high lipase production.

5.2  Materials and Methods
5.2.1 Bacterial strain and inoculum preparation

Staph. xylosus LSM16 was selected to be optimized for its lipase
production. A loopful of Staph. xylosus LSM16 strain after growth on TSA plate at
37°C for 24 h was inoculated in a flask containing 25 mL of tryptone soya broth (TSB,
Himedia, Mumbai, India) medium supplemented with NaCl 10% (w/v). The flask was
incubated at 37°C under agitation at 150 rpm for 24 h. The cell culture was used as
inoculum when its optical density at 600nm (OD600) was 1.0. Then, 1% (v/v) of
inoculum was transferred into lipase production medium. Lipase production medium
(LPM) consisted of TSB medium supplemented with (% w/v): olive oil 1.0, gum Arabic
0.1, and NaCl 10.0, with pH set at 7.0. Culture broth of Staph. xylosus LSM16 was
harvested by centrifugation (9800 x g) at 4°C for 10 min and used as crude lipase for

determination of lipase activity.
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5.2.2 Optimization of lipase production by Staph. xylosus LSM16
The one-factor-at a-time (OFAT) experiment was used to determine the
optimum condition for lipase production. Initial conditions were as follows: pH
medium was 7.0, time of incubation was 24 h, and agitation speed was 150 rpm.

5.2.2.1 Effect of temperature on lipase production

The optimum temperature for lipase production was studied by culturing
Staph. xylosus LSM16 in TSB containing 10% (w/v) NaCl. The incubation was
conducted at various temperatures (25-50°C) and shaking at 150 rpm for 24 h. After
incubation, the lipase production was determined in terms of lipase activity by using

copper-soap method as previously described in Chapter 3.

5.2.2.2 Effect of initial pH medium on lipase production

The initial pH optimum on lipase production was investigated by
culturing the strain in LPM at various pH: 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, and 11.0.
The pH of the medium was adjusted using 0.1N HCI or 0.1N NaOH. The cultivation
was performed at selected optimum temperature from section 5.2.2.1 for 24 h with
constant agitation speed at 150 rpm. The lipase production was determined in terms of

activity.

5.2.2.3 Effect of oil on lipase production

The effect of different type of oil on lipase production was investigated
with several oils, such as olive oil, palm oil, sunflower oil, rice bran oil, sesame oil,
soybean oil, and corn oil (in 1.0%, w/v). Furthermore, the effect of different
concentrations of selected oil (0.5, 1.0, 1.5, 2.0, and 2.5% w/v) was also investigated.
The cultivation was performed with the optimum temperature and pH as selected from
section 5.2.2.1 and 5.2.2.2 under shaking speed at 150 rpm for 24 h. Afterwards, the

lipase production was determined in terms of activity.
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5.2.2.4 Effect of NaCl concentration on lipase production

The effect of various NaCl concentrations on lipase production was
investigated. Various NaCl concentrations (%, w/v) added into LPM were: 0, 3, 5, 10,
15, 20, and 25. The lipase activity was determined after incubation for 24 h at the
selected conditions previously obtained with shaking speed at 150 rpm.

In addition, the stability of lipase under various NaCl concentrations was
also investigated. Crude lipase was pre-incubated in phosphate buffer (50 mM, pH 7.0)
containing various NaCl concentrations (% w/v) of 0, 3, 5, 10, 15, 20, 25, and 30, for 2
h at 37°C. The relative activity of crude enzyme was determined using the maximum

activity of the respective NaCl concentration as 100%.

5.2.2.5 Effect of inoculum concentration on lipase production

The effect of the inoculum concentrations on lipase production was
studied. Various concentrations of bacterial culture ((% v/v): 0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
5.0, and 10.0) were added to the medium with the selected optimum NaCl
concentration. The lipase production was determined after incubation for 24 h under

previously selected conditions.

5.2.2.6 Effect of agitation speed on lipase production

The optimum agitation required for lipase production was investigated
at various shaking speeds (rpm): 100, 150, 200, and 250. The lipase production was
determined in terms of activity after incubation for 24 h under previously selected

conditions.

5.2.3 Time course production of lipase
For the time course study of the lipase production, the combination of
selected conditions and medium from sub-section 5.2.2.1-5.2.2.6 was used to monitor
the bacterial count and the protease production. The bacterial culture with optimal
inoculum concentration was transferred into 50 mL of LPM containing suitable oil and
concentration of NaCl with optimum initial pH. The culture was incubated at selected

temperature and agitation for given period (120 h). The samples were taken
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continuously at 12 h of the time interval until 120 h for measuring the cell growth and
lipase production. The cell growth was measured by using spread-plate method on TSA

plate supplemented with 10% (w/v) NaCl and 2% (w/w) olive oil.

5.2.4 Lipase activity assay
Lipase activity was determined according to copper-soap method

developed by Lee and Rhee (2008) previously described in Chapter 3, sub section 3.1.2.

5.2.,5 Statistical analysis
All experiments were performed in triplicate. Statistical analysis was
performed using SPSS v 16.0. Analysis of Variance (ANOVA) and mean comparison
by Duncan’s Multiple Range Test (DMRT) were analyzed.

5.3  Results and Discussion
5.3.1 Optimization of lipase production

5.3.1.1 Effect of temperature on lipase production

To determine the optimum temperature for the lipase production by
Staph. xylosus LSM16, the experiment was conducted at temperature range 30-50°C
(Figure 26). The results showed that incubation temperature significantly affected the
lipase production by Staph. xylosus LSM16. At room temperature around 30°C, the
lipase activity was 0.60 U/mL. The optimum temperature was 37°C (0.68 U/mL)
showing activity slightly higher than the incubation temperature at 40°C (0.64 U/mL,
p<0.05). Lipase production decreased significantly at higher temperature, 45 and 50°C
(0.41 and 0.33 U/mL, respectively). This result was in accordance with Ghribi et al.
(2009) who found that the optimum temperature for lipase production by Staph. xylosus
was 37°C (42 U/mL), which was determined titrimetrically. Different results by other
researchers found that the temperature optimum for the production of Staph. xylosus
lipase were 45 and 55°C (Brod et al., 2010; Bouaziz et al., 2011). The range of optimum
temperature by most of bacterial lipase was reported at 30-60°C (Gupta et al., 2002),
while the optimum temperature for staphylococcal lipases was observed around 30-
55°C (Horchani et al., 2012).
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Figure 26. Effect of the incubation temperature on lipase production by Staph. xylosus
LSM16. Cultivation was performed in LPM (pH 7.0) under shaking at 150 rpm for 24h.
Error bars represent the standard deviations (n=3). Different lowercase letters indicate
significant differences (p<0.05).

As it is widely known that each of bacterium has different optimum
temperature for lipase production. Mostly bacteria have optimum temperature around
30-37°C. Cultivation at lower or higher than optimum temperature may cause
decreasing of lipase production. It is because at higher temperature the enzyme can be
inactivated, while at lower temperature may inhibit the nutrients flow through the cell
membrane which may lead the decrease of enzyme production (Aiba et al., 1973;
Vieille and Zeykus, 2001).

5.3.1.2 Effect of initial pH on lipase production
The effect of pH on lipase production by S. xylosus LSM16 was
investigated. Figure 27 shows that the lipase production significantly increased from

pH 4 to 7 and decreased sharply from pH 8-11. It was found that the optimum initial
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pH was 7.0 with the activity of 0.69 U/mL. Other reports reported that pH optimum for
lipase production by Staph. xylosus were 8.5 and 9.0 (Bouaziz et al., 2011; Brod et al.,
2009), while Horchani et al. (2012) reported that the optimum pH for lipase production
by staphylococci was vary from 6.0 to 9.5.

pH is known to affect the synthesis and secretion of enzymes. The
extracellular pH has a strong influence on the pathways of metabolism and product
formation by microorganism. Changes in the external pH alter the ionization of nutrient
molecules and reduce their availability to the microorganism thus lowering their overall

metabolic activity including enzyme production (Willey et al., 2008).
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Figure 27. Effect of the initial pH on lipase production by Staph. xylosus LSM16.
Cultivation was performed in LPM under shaking (150 rpm) at 37°C for 24 h. Error
bars represent the standard deviations (n=3). Different lowercase letters indicate

significant differences (p<0.05).

5.3.1.3 Effect of oil on lipase production
The effect of various type of oils on lipase production including olive

oil, palm oil, rice bran oil, sunflower oil, corn oil, soybean oil, and sesame oil were
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investigated. The highest lipase activity was detected in LPM containing olive oil
(Figure 28). Similar reports were obtained by Bouaziz et al. (2011) and Khoramnia et
al. (2010) who found that olive oil was the suitable carbon source for lipase production
by Staph. xylosus. It can be seen from Figure 29 that olive oil at 2% (w/v) gave the
highest lipase production compared with other concentrations of olive oil. The lipase
production with 2% (w/v) olive oil (1.14 U/mL) showed 1.7-fold higher than initial
production before optimization (0.67 U/mL). It has been reported that olive oil contains
55-83% oleic acids (Boskou et al., 2006). Olive oil contains the highest oleic acid
compared with other tested oils. Darvishi et al. (2009) found that oleic acid was the

most influence compound to the production of lipase.
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Figure 28. Effect of oil on lipase production by Staph. xylosus LSM16. Cultivation was
performed in LPM (pH 8.0) at 37°C for 24h under shaking at 150 rpm. Error bars
represent the standard deviations (n=3). Different lowercase letters indicate significant
differences (p<0.05).
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Figure 29. Effect of the concentration of olive oil (% w/v) on lipase production by
Staph xylosus LSM16. Cultivation was performed in LPM (pH 7.0) at 37°C for 24h
with shaking at 150 rpm. Error bars represent the standard deviations (n=3). Different

lowercase letters indicate significant differences (p<0.05).

5.3.1.4 Effect of NaCl concentration on lipase production

The effect of various NaCl concentrations on lipase production by S.
xylosus LSM16 was investigated. It can be seen from Figure 30 that lipase production
increased with increasing the NaCl concentration (0-7 % NaCl, w/v) and reached its
maximum at 10 % NaCl. However, NaCl higher than 10% caused decreasing of lipase
production. At optimum NaCl concentration (10%), the production (1.07 U/mL)
showed 1.6-fold higher than initial production (0.67 U/mL. The higher NaCl
concentration away from optimum point the lower production obtained (Rao et al.,
2009). It can be explained that increasing the concentration of salt means increasing the
number of ions in solution which lead to unbalancing the electrostatic ions out of
optimum concentration needed (Chowdhury, 2007). This imbalance may disrupt the

metabolism process in bacteria for synthesizing proteins (Willey et al., 2008).
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Figure 30. Effect of the NaCl concentration (% w/v) on lipase production by Staph
xylosus LSM16. Cultivation was performed in LPM (pH 7.0) at 37°C for 24h with
shaking at 150 rpm. Error bars represent the standard deviations (n=3). Different

lowercase letters indicate significant differences (p<0.05).

In this experiment, the lipase stability of Staph. xylosus LSM16 was also
investigated at various NaCl concentration (0 — 30%, w/v). It can be shown in Figure
31 that lipase of Staph. xylosus LSM16 can retain its activity over the 0% NaCl
(67.49%) until 20% NaCl (60.22%) compared with the highest activity at 10% NaCl.
Meanwhile, at 25% and 30% NaCl, its activity drastically lost to only 23.87% and 18.73
%, respectively. It can be assumed that the lipase of Staph. xylosus LSM16 can be
categorized as halotolerant lipase, since it can have the activity over a wide range of
NaCl concentration, from 0% to 15% NaCl. The stability of an enzyme at several points
of salt concentrations could also be an indication that the enzyme is stable in the
environment of low water activity that usually arises in enzymatic reactions which take
place in organic solvents (Eichler, 2001). In addition, because Staph. xylosus can also

be categorized as halotolerant bacterium, then the synthesis amount and the activity in
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catalysis of its enzymes can be moderately high in the medium without salt or even in
high salinity (Chauhan et al., 2013).
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Figure 31. The effect of NaCl concentration on Staph. xylosus LSM16 lipase

stability. All values are represented as £SD (n=3).

5.3.1.5 Effect of inoculum concentration on lipase production

The effect of inoculum concentration on lipase production by Staph.
xylosus LSM16 was investigated. From Figure 32, 1.5% (v/v) of 24-h inoculum gave
the highest lipase production (1.31 U/mL). If comparing with the initial production in
this experiment which was added with 1% (v/v) inoculum (0.67 U/mL), it can be figured
out that the production was increased 1.96-fold. Meanwhile, at higher concentration of
inoculum (2.0-10.0%), the lipase production decreased. If the amount of inoculum used
is low, it will reduce the number of products. Whereas if the amount of inoculum is too
much, it can produce too much biomass which causes the formation of a poor product
(Mudgetti, 1996). Enzyme production would be optimum at optimal level of inoculum
because at this point the equilibrium is maintained between the availability of inoculum
and the substrates. Meanwhile, the decline in enzyme yield at higher inoculum size
might be due to formation of thick suspensions and improper mixing of substrates in
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shake flasks which lead to a depletion in oxygen and nutrients in the culture media
(Abol-Fotouh et al., 2016). With subsequent increase in inoculum size resulted rapid
depletion of macro and micronutrients and thus inhibits their growth and enzyme
production (Omojasola et al., 2009).
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Figure 32. Effect of the inoculum size (% v/v) on lipase production by Staph xylosus
LSM16. Cultivation was performed in LPM (pH 7.0) at 37°C for 24h with shaking at
150 rpm. Error bars represent the standard deviations (n=3). Different lowercase letters

indicate significant differences (p<0.05).

5.3.1.6 Effect of agitation speed on lipase production

The suitable agitation speed in lipase production by Staph. xylosus
LSM16 was determined. It is depicted in Figure 33 that lipase production increased
from 100 — 150 rpm, afterward the lipase production decreased at higher agitation
speed. The lipase production showed the highest (1.35 U/mL) at 150 rpm which
increasing 2.02-fold higher than the initial production (0.67 U/mL) before optimization.
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Similar report was obtained for Staph. epidermidis lipase which also had optimum
lipase production at 150 rpm (Edupaganti et al., 2017), while both lipase of Staph.
aureus and Staph. lipolyticus had optimum production at 200 rpm (Horchani et al.,
2009; Azora, 2013). The level of agitation not only affects the availability of oxygen in
the medium but also influences the availability of other nutrients. A rotation speed of
100 rpm might contribute to limit the level of oxygen, which caused the lack of
homogenized condition of the medium as well as the reduction of available lipid
consumed by the cells. Consequently, lower lipase production levels would obtain
(Alonso et al., 2005). Meanwhile, the reduction of enzyme production at higher levels
of agitation can be associated with the effects of shear stress on bacterial cells which in

turn could decrease the enzyme production (Sooch and Kauldar, 2013).
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Figure 33. Effect of the agitation speed (rpm) on lipase production by Staph xylosus
LSM16. Cultivations was performed in LPM (pH 7.0) at 37°C for 24h. Error bars
represent the standard deviations (n=3). Different lowercase letters indicate significant
differences (p<0.05).
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5.3.2 Time-course production of lipase by Staph. xylosus LSM16

The time-course productions of lipase by Staph. xylosus LSM16 was
studied by cultivating the strain at the optimum condition. As previously obtained from
section 5.3.1.1.-5.3.1.6., the optimum condition for lipase production by Staph. xylosus
LSM16 was obtained by cultivating the strain in the medium at 37°C, pH 7.0, and
agitation at 150 rpm, using 2% (w/v) olive oil as substrate with 1.5% (v/v) inoculum
and supplemented with 10% (w/v) NaCl. Low production of lipase (0.46 U/mL) was
detected at the beginning of cultivation (0 — 12 h) whereas the bacterial cells grew well
at this period. After that, the lipase production increased until 48 h of incubation while
the bacterial cell grew until 60 h (Figure 34). The lipase production showed maximum
at 48 h (2.27 U/mL) which demonstrated 3.34-fold increasing compared with initial
production at 0.67 U/mL. The lipase production by Staph. xylosus LSM16 follows the
growth-associated model, in which the lipase was produced along with the growth of
the strain. While the strain reached the stationary phase at 60 h, the lipase production
decreased. This might be due to exhaustion of nutrients, environmental changing in the
medium, or proteolysis of the lipase by proteases which were might also be produced

simultaneously (Nouroozi et al., 2005).
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Figure 34. Time-course of lipase production by Staph. xylosus LSM16 at selected
optimum conditions (temperature 37°C, pH 7.0, 2% (w/v) olive oil, 10% (w/v) NaCl,
1.5% (v/v) inoculum, and under agitation at 150 rpm). Error bars represent the standard
deviations (n=3). Different uppercase and lowercase letters indicate significant
differences (p<0.05).

54  Conclusions

In this study, OFAT method was applied to investigate the optimum
cultivation conditions for lipase production by Staph. xylosus LSM16. The highest
lipase production was obtained after 48 h of cultivation at 37°C in the production
medium contained 2.0% olive oil (w/v), 10% NaCl (w/v), 2.0% (v/v) inoculum size,
and pH 7.0, under agitation at 150 rpm. The highest lipase production at this optimum

condition was 2.27 U/mL which showed 3.34-fold increase from the initial production



117

of 0.67 U/mL. Based on the time-course experiment, this lipase production was a
growth-associated enzyme model. In addition, the stability of crude lipase of Staph.
xylosus LSM16 toward various NaCl concentration showed that it can be classified as
halo-tolerant lipase since it was stable at a broad range of NaCl concentration (0-15%

wiv).
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CHAPTER 6

APPLICATION OF SELECTED PROTEASE- AND LIPASE-
PRODUCING BACTERIA IN FERMENTED SHRIMP PASTE (KAPI)
PRODUCTION

Abstract

This research aimed to study the application of protease-producing
bacteria, Virgibacillus halodenirificans MSK-10P and lipase-producing bacteria,
Staphylococcus xylosus LSM16, in the Kapi production. Four treatments of Kapi were
studied: (i) natural fermentation (as control, KC); (ii) inoculated with V.
halodenitrificans MSK-10P (KP); (iii) inoculated with Staph. xylosus LSM16 (KL);
and (iv) inoculated with both selected protease and lipase producing strain (KM).
Physicochemical characteristic and microbiological safety of the Kapi were
investigated. All the Kapi products inoculated with starter cultures met the
physicochemical characteristics and microbiological safety required by Thai Industrial
Standard (TIS) 1205/2006. Moisture, salt, and total nitrogen content of Kapi products
were in the range of 40.02-42.73%, 40.01-42.79%, and 6.33-7.82%, respectively. Food-
borne pathogens (coliform bacteria, Clostridium perfringens, Staphylococcus aureus,
and Salmonella Typhimurium) were not detected in all finished Kapi product.
Moreover, sensory analysis also showed that all Kapi inoculated with starter cultures
had the score of overall acceptance by panelists higher than the spontaneous fermented
Kapi and commercial product. These results suggesting that V. halodenitrificans MSK-
10P and Staph. xylosus LSM16 could be applied as promising starter cultures in the

production of Kapi.

Keywords: Kapi, starter culture, Virgibacillus halodenirificans MSK-10P,
Staphylococcus xylosus LSM16.
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6.1  Introduction

Starter culture application through traditional fermentation would
improve the fermentation processes and the product quality. This could be
accomplished by accelerating metabolic activities rapidly as well as providing desired
sensory features. In addition, by applying starter culture the fermentation process could
be more predictable and monitored. Moreover, the reduction of toxicological threats
and the development of product safety could be generated (Holzapfel, 1997).

Application of starter culture to assists the seafood fermentation has
been reported. Mainly, starter cultures exhibited the protease activity were used to
reduce the length of seafood fermentation. As reported by Yongsawatdigul et al. (2007),
Virgibacillus sp. SK 33, Virgibacillus sp. SK37, and Staphylococcus sp. SK1-1-5
having proteinase activity has been applied as starter cultures in the production of fish
sauce. Those bacteria also increased the free amino acids content as well as the
necessary Vvolatile compounds. In addition, Udomsil et al. (2011) reported that
application of Tetragenococcus halophilus, a protease-producing lactic acid bacterium
isolated from fish sauce fermentation can reduce the length of fish sauce fermentation
as well as the content of BAs in fish sauce.

Lipase-producing bacteria has been extensively applied in the meat
fermentation. Some coagulase-negative staphylococci (CNS) exhibited lipolytic
activity has been widely reported as starter cultures in the sausage fermentation.
Staphylococcus carnosus and Staph. xylosus are two main lipolytic-CNS applied. CNS
play a significant role in the development of aroma as well as flavor and color of the
fermented meat products (Talon et al., 1996; Essid et al., 2007).

Kapi is a Thai traditional fermented shrimp paste which is mainly
consumed as a condiment in many cuisines by Thai people. It is mainly produced from
the tiny shrimp or krill (Acetes or Mesopodopsis species) and mixed with 10-30% (w/w)
NaCl and be fermented for several months (Faithong and Benjakul, 2012). The addition
of salt is to prevent food deteriorating, food poisoning, and generating fishy- and meaty-
savory flavor as well (Steinkraus, 2002). Moreover, indigenous proteases- and lipases-
producing microorganisms play significant role in mediating the enzymatic

fermentation of shrimp which produce short chain peptides and free amino acids



120

contributed to typical flavor and umami taste (Yoshida, 1998). Therefore, Kapi is also
a useful source of peptides and amino acids (Faithong et al., 2010).

Many factors contributed to the quality of Kapi. The species of shrimp
applied, the quantity of salt added, the treatment of raw materials prior to fermentation,
and the length of fermentation time are the main factors giving impact to Kapi quality
(Prapasuwannakul and Suwannahong, 2015).

Until now, very few reports are available for the application of starter
cultures in Kapi fermentation. Only Pongsetkul et al. (2018) reported to apply Bacillus
sp. KC3 as starter culture in the Kapi production. However, no report about safety
assessment of the starter as well as the safety of the product. In Thailand, Kapi was
mostly produced using spontaneous fermentation. Recently, we isolated and selected
one strain of potential proteinase-producing bacteria and one strain of potential lipase-
producing bacteria from Kapi. They were identified as V. halodenitrificans MSK-10P
and Staph. xylosus LSM16 based on their morphological and some physiological
characteristics, and their 16S rDNA gene sequences. Moreover, the safety attributes of
these strains have also been checked. Therefore, the aims of the present study were to
apply both strains as starter cultures in the production of Kapi to shorten the production
time compared with the production by local producer as well as to characterize the
physicochemical properties, microbiological quality, and consumer acceptance of the
obtained Kapi products.

6.2  Material and Methods

6.2.1 Preparation of sample

For each batch of fermentation, 5 kilograms of tiny shrimp Acetes sp.
were caught by the local fisherman from the coast in The-Pha District, Songkhla
Province, Thailand. The production process was based on the local producer’s recipe
(Figure 35). The shrimps were washed to remove unwanted objects. Subsequently, the
cleaned shrimps were mixed with 20% of sea salt. The mixtures then were dried under
the sunlight for 6-8 h and starter cultures were applied. Afterwards, the mixtures were
left overnight. Subsequently, the mixtures were dried under sunlight for 2-3 days. When
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the mixture reached 70-80 % of dryness, they were grinded and kept in sealed

containers about 4 weeks.

Fresh tiny shrimp (Acetes sp.)

Clean with water
Mix with sea salt (1kg shrimp with 200 g salt)
Dry under sunlight (6-8 h)
Apply the starter cultures
Leave overnight

VVYVYVYV

TO

A

Mixture of shrimp and salt

J/ > Dry under sunlight (2-3 days) «—— FO

Semi-dried mixture

»  Grind the samples
» Keep in sealed container

» Ferment for 4 weeks “— W1, we,

W3, W4

Final Kapi

Figure 35. Scheme of Kapi production (time of sampling described as: TO: the day at
starter cultures were applied; FO: after 3 days sundried; W1-W4: the first until fourth

week of fermentation)

6.2.2 Production of Kapi

6.2.2.1 Preparation of starter cultures

For the preparation of starter cultures, 100 uL of the protease-producing
V. halodenitrificans MSK-10P was inoculated in 10 mL of nutrient broth (NB, Himedia,
Mumbai, India) supplemented with 10% NaCl (w/v) and incubated at 37°C overnight.
Two-mililiter of the active culture was transferred to 50 mL of NB and incubated at
37°C for 24 h. Cells were harvested by centrifugation at 8000 x g for 15 min at 4°C and
washed twice with sterile saline water (0.85%). The cells pellet was resuspended in 50
mL of sterile saline and then applied as proteolytic-strain starter culture. In addition,
100 uL of the lipase-producing Staph. xylosus LSM16 was inoculated in 10 mL of
tryptone soya broth (TSB, Himedia, Mumbai, India) supplemented with 5% NaCl (w/v)
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and incubated at 37°C overnight. Two-milliliter of the active culture was transferred to
50 mL of NB and incubated at 37°C for 24 h. Cells were harvested by centrifugation at
8000 x g for 15 min at 4°C and washed twice with sterile saline water (0.85%). The
cells pellet was resuspended in 50 mL of sterile saline and then applied as lipolytic-

strain starter culture.

6.2.2.2 Fermentation of Kapi

In order to study the effect of protease- and lipase-producing starter
cultures on Kapi product, Kapi was produced in different 4 conditions: (i) spontaneous
fermentation (as control, KC); (ii) inoculated with protease-producing V.
halodenitrificans MSK-10P (KP); (iii) inoculated with lipase-producing Staph. xylosus
LSM16 (KL); and (iv) inoculated with both selected protease- and lipase- producing
strains (KM). The fermentation was conducted for 1. Kapi was sampling at the day of
starter addition (T0), at the beginning of fermentation after 3 days sundried (F0) and
every week during fermentation (W1, W2, W3, and W4), for measurement of the

physicochemical properties and microbiological quality (Figure 35).

6.2.3 Physicochemical properties and microbiological quality of Kapi

6.2.3.1 Physicochemical properties

Some physicochemical properties such as moisture content, pH, salt
content, and water activity (Aw) were determined and monitored during the
fermentation process. Moisture content was determined by oven method (AOAC,
1990). The pH was measured by using a pH meter (STARTER2100, OHAUS, New
Jersey, USA). The salt content was determined by gravimetry (Mohr method, AOAC,
2005) as follows: 25 mL of aqueous extract of each sample was titrated against 0.1 M
AgNO3z using 5% K>CrOs as an indicator. Salt content was reported as percentage of
NaCl on the basis of dry weight (the salt content obtained in wet basis divided by dry
weight of samples). Meanwhile, the Aw was measured at 25°C using a water activity
meter (Aqua Lab, Meter Group, Pullman, USA).

The color of final Kapi products from this study and commercial product

(CP) was compared and determined by a colorimeter (Color Flex, Hunter Lab Reston,
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Reston, VA, USA). Color components including lightness, redness/greenness,
yellowness/blueness, and total difference of color, represented by L*, a*, b*, and AE*,

respectively, were recorded. The AE* was calculated by the following formula:

AE* = \J(AL")? + (Aa*)? + (Ab*)?

Where AL*, Aa*, Ab* are the differences between color parameters of the samples and
those of the standards (L* = 92.82, a* = -1.24, b* = 0.46).

Texture analysis of Kapi samples was compared and investigated using
a texture analyzer (TA-XT Plus Analyzer, Stable Microsystems, Surrey, United
Kingdom), with a 50 mm cylinder probe based. The parameters of analyzed textures

were hardness, adhesiveness, springiness, cohesiveness, gumminess, and chewiness.

6.2.3.2 Microbiological quality

Microbiological quality of Kapi were monitored through fermentation
process. Briefly, 25 g of sample was aseptically collected and put in a stomacher bag,
and subsequently sterile 225 mL of 0.1% peptone water was added. The mixture was
then mixed for 1 min in a stomacher (Seward 400 circulator, England). Afterwards, 10-
fold serial dilution was prepared from the homogenate using the same 0.1% peptone
water. Then, 100 uL of diluted samples were spread on certain appropriate growth
media. Total viable count and Enterobacteriaceae were enumerated on plate count agar
(PCA; Himedia, Mumbai, India) and violet red bile (lactose) agar (VRBA; Merck,
Darmstadt, Germany) plates, respectively. Lactic acid bacteria count was also
monitored on MRS (Himedia, Mumbai, India) agar plates supplemented with 0.1%
bromocresol purple. The halophilic bacterial count was enumerated on M73 agar plates
(Norberg and Hofsten, 1969). All plates were incubated at 30°C for 24-72 h. To monitor
the V. halodenitrificans MSK-10P, appropriate diluted samples (100 uL) were spread
on nutrient agar (NA, Himedia, Mumbai, India) supplemented with 1% skim milk and
10% NaCl. For monitoring Staph. xylosus LSM16, appropriate diluted samples (100
uL) were spread on tryptic soy agar (TSA, Himedia, Mumbai, India) supplemented with
1% olive oil (w/v) and 10% NaCl (w/v). Microbiological safety of finished Kapi was

investigated by following the online Bacteriological Analytical Manual
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(www.fda.gov/food/ucm2006949) and the regulation in Thai Industrial Standard (TIS)
1205/2006 for Kapi product.

6.2.4 Enzymatic activities

6.2.4.1 Preparation of aquoeous extract of Kapi products

Kapi samples (10 g) were mixed with 90 mL deionized water. The
mixtures were blended at high speed for 1 min, followed by centrifugation at 6800 x g
for 10 min at 4°C (Sorvall Legend XTR, Thermo Scientific, Langensebold, Germany).
The supernatant was collected and adjusted to 100 mL with deionized water. The
prepared extracts were assayed for proteolytic and lipolytic activities (Kleekayai et al.,
2015).

6.2.4.2 Proteolytic activity
Proteolytic activity was determined by using modified Anson method as

previously described in Chapter 2.

6.2.4.3 Lipolytic activity

Lipase activity was determined titrimetrically using olive oil hydrolysis
method (Machedo et al., 1997). One mL of aqueous extract was added to the substrate
mixture containing 10 mL of olive oil in 10% iso-octane (w/v), 2 mL of 0.6% (w/v)
CaCl; solution and 5 mL of 50 mM phosphate buffer, pH 7.0. The mixture was
incubated on orbital shaker at 200 rpm at 37 °C for 30 min. Then, 20 mL ethanol-
acetone mixture (1:1) was added to stop the reaction. The release fatty acids were
titrated against 0.1 N NaOH (phenolphthalein was used as indicator). The activity of
lipase was recorded as the amount of the enzyme that can release one umol oleic acid

per min under assay conditions.

6.2.5 Determination of biogenic amines
Determination of BAs in final Kapi products and commercial Kapi was
performed by using TLC method. At first, samples were prepared for BA extraction

according to Kongkiattikajorn (2015) with minor modification. One gram of Kapi
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samples was added to 10 mL of 10% TCA and then shaken at 150 rpm for 1 h at room
temperature. The samples were further centrifuged at 10,300 x g for 15 minutes.
Afterwards, the supernatant was collected for dansyl-derivatization.

The BAs derivatization was performed as described by Landeta et al.
(2007) and subsequently spotted onto TLC plate (silica gel 60 F254, Merck, Germany).
The separation of dansylated compounds were conducted using solvent combination of
chloroform:di-ethyl ether:tri-ethylamine (3:2:1, v/v/v). The TLC plate was visualized
using a Gel Doc™ EZ (Biorad, London, UK) system under UV light exposure. The
authentic BAs stock solutions (histamine, cadaverine, putrescine, and tyrosine) (Sigma-
Aldrich, Singapore) were made by preparing a 2% (w/v) solution in 40% ethanol (5%

in the case of histamine).

6.2.6 Sensory analysis

Sensory evaluation of Kapi was conducted according to Pongsetkul et
al. (2015). Sensory analysis of Kapi samples was evaluated by 30 panelists who
regularly use and consume Kapi. Before served, the samples were heated in oven at
60°C for 30 min. The samples with dimension of approximately 1x1x1 cm was then
served in white plate to the panelist. Three digits code was used randomly to mark the
samples. Panelists were also directed to wash out their mouths before checking different
samples with drinking water and sliced cucumber served with the samples. The
panelists were asked for scoring their likeness on samples for appearance, color, aroma,
texture, taste and overall acceptance using a 9-point hedonic scale (1 = dislike

extremely, 5 = neither like nor dislike, and 9 = like extremely) (Mellgard et al., 2007).

6.2.7 Statistical analysis
Statistical analysis was performed by analysis of variance (ANOVA)
using SPSS version 16.0 (SPSS, Illinois, USA). The significant difference of means
was determined using the Duncan’s Multiple Range Test (DMRT) at a 95% significant
difference (p<0.05).
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6.3  Results and Discussions
6.3.1 Physicochemical changes during fermentation

Figure 36 shows the physicochemical changes of the Kapi during
fermentation. It was found that moisture content drastically decreased from the
beginning (TO) until after drying with sunlight (FO) (Figure 36a.). Through salting
process, the salt can infiltrate the meat of shrimp which in turn replace the water in the
shrimp meat, so that lowered the moisture content (Chaijan, 2011). Combination of the
salting and drying process made the moisture content decreased at FO. After first week
of fermentation (W1) the moisture content of all four treatments increased and remained
stable until the end of fermentation. Sample inoculated with lipase-producing bacteria,
Staph. xylosus LSM16 shows significantly the highest moisture content (42.73%) at the
final stage of fermentation (p<0.05), which is coincidence with the paste texture of this
sample. Moreover, moisture content of all final products still within the range required
and regulated by TIS (<45%).

Salt content of all Kapi samples had higher at the beginning (T0) and
decreased at the FO (Figure 36b). The high salt content at TO due to the first addition of
sea salt to the mixture and decreased at FO after sun drying process. Usually after sun-
dried the moisture content of samples reduced and the salt content increased however,
in this study different result was observed which still unexplainable. After three days
sundried (FO0), the saline water (5% wi/v) usually added by the producer to keep the
mixture not very dry which lead the increasing of salt content and remained stable until
final fermentation. The salt content of spontaneous Kapi had slightly higher than
inoculated Kapi (p>0.05).

In this study, the change in pH can be observed for all samples
throughout the fermentation process. pH of all treatments increased from the beginning
until the end of fermentation (Figure 36¢) (p<0.05). The increasing of pH throughout
the fermentation process was possibly can be correlated with the enzymatic activities
of endogenous microorganisms or the starter used, which can form several basic
compounds such as ammonia (Pongsetkul et al., 2015). After the fourth week of
fermentation, the pH of final products was in the range of 7.34 to 7.43.
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Figure 36. Physicochemical change during Kapi fermentation. (a) moisture content; (b)
salt content; (c) pH. KC: spontaneous fermentation as a control; KP: inoculated with
protease-producing strain, V. halodenitrificans MSK-10P; KL: inoculated with lipase-
producing strain, Staph. xylosus LSM16; KM: inoculated with both strains. TO: day of
inoculation of starter cultures; FO: after drying; W1: first week of fermentation; W2:

second week of fermentation; W3: third week of fermentation; W4: fourth week of
fermentation.
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6.3.2 Microbiological change of Kapi during fermentation

6.3.2.1 Total viable count and Enterobacteriace

Figure 37a shows the total bacterial count during fermentation of Kapi.
At the beginning of production (TO0), total viable count of spontaneous fermented Kapi
(KC) was higher than the Kapi inoculated with starter cultures (p<0.05). Throughout
fermentation, KM had higher TVC count than other treatments. Finally, at the end of
fermentation all samples had lower TVC count compared with at the beginning of
production process. This is because many microflora can adapt at the beginning
environment, while throughout the fermentation the environment was changing; thus,
only microflora tolerated to the high salt condition can be survived. In addition,
Enterobacteriaceae was not detected throughout the fermentation process. It is because
most Enterobacteriaceae was inhibited at the level of 6 — 16 % of NaCl (Wijnker et al.,
2006).

Total halophilic count increased from the beginning until the end of
fermentation (Figure 37b). Remarkably increasing in number of halophilic bacterial
count was observed starting at first week of fermentation and continuously increased
until fourth week of fermentation. The high salt environment throughout Kapi
processing was plausibly contributed to the proliferation of halophilic bacteria
(Kobayashi et al., 2003; Chuon et al., 2014).

As shown in Figure 37c, LAB count increased on drying process until
third week of fermentation. However, the number was constant after 2 weeks (p<0.05).
The reduction of LAB count at the final stage of fermentation could be influenced by
the insufficient substrates of LAB as can be seen by the low amount of carbohydrates
(Faithong et al., 2010; Klekayai et al., 2015; Pongsetkul et al., 2014). Halophilic LAB
species belonging to Tetragenococcus, are found predominantly in various salted-
fermented foods (Chuon et al., 2014; Kuda et al., 2014).
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Figure 37. Total viable count of Kapi samples during fermentation process (a); total
halophilic count (b); LAB count (c). KC: spontaneous fermentation as a control; KP:
inoculated with protease-producing strain, V. halodenitrificans MSK-10P; KL:
inoculated with lipase-producing strain, Staph. xylosus LSM16; KM: inoculated with
both strains. TO: day of inoculation of starter cultures; FO: after salting and drying; W1:
first week of fermentation; W2: second week of fermentation; W3: third week of

fermentation; W4: fourth week of fermentation.
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6.3.2.2 Proteolytic and lipolytic bacterial count

Figure 38a shows the proteolytic bacterial changes during Kapi
fermentation. Sample inoculated with protease-producing bacteria (KP) had the highest
proteolytic bacterial count throughout the fermentation process (p<0.05), followed by
the sample inoculated with mixed starter inoculation (KM). While sample inoculated
with lipase-producing strain (KL) had the lowest proteolytic bacterial count throughout
the fermentation process (p<0.05). This result indicated that the higher number of
proteolytic bacterial count in KP and KM was a result of the proteolytic starter culture
being added. However, it can be seen that after W1 and W2 the proteolytic bacterial of
KP and KM decrease while KC and KL increase, which presumably because of the
increasing of indigenous proteolytic bacteria of the shrimp. In addition, Figure 38b
demonstrates the lipolytic bacterial count during the fermentation process. It can be
inferred from the figure that sample inoculated with lipase-producing bacteria had the
highest lipolytic bacterial count throughout fermentation process (p<0.05). Sample
inoculated with protease-producing bacteria had the lowest count since the beginning
until the end of fermentation. While sample inoculated with mixed starter inoculation
and without starter inoculation showed slightly difference in lipolytic bacterial count
(p<0.05). This was also an indication that the higher number of lipolytic bacterial count
in KL was a result of the lipolytic starter culture being added. All the results indicated
that the proteolytic and lipolytic starter culture can grow well in the harsh environment

during the Kapi fermentation.
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Figure 38. Monitoring of: (a) protease-producing bacteria and (b) lipase-producing

bacteria during Kapi fermentation. KC: spontaneous fermentation as a control; KP:
inoculated with protease-producing strain, V. halodenitrificans MSK-10P; KL:
inoculated with lipase-producing strain, Staph. xylosus LSM16; KM: inoculated with
both strains. TO: day of inoculation of starter cultures; FO: after salting and drying; W1.:
first week of fermentation; W2: second week of fermentation; W3: third week of

fermentation; W4: fourth week of fermentation.
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6.3.3 Comparison of final Kapi product and commercial product

6.3.3.1 Physicochemical characteristic

The physicochemical properties of Kapi products are shown in Table 19.
It can be seen that KL and the commercial Kapi (CP) has the moisture content
comparably the same and higher than other products (p<0.05). All the moisture content
values are still in the value range accepted by TIS 1205-2006. In addition, the pH value
of CP was the highest as compared with other samples (p<0.05). The pH of all Kapi
product was in the range of 7.39-7.43. KC had the highest salt content compared with
other treatments and the commercial product had the lowest salt content (p<0.05).
Although high salt content was detected for all Kapi products in this research, still
within the value range accepted by TIS 1205-2006. In contrast, salt content of
commercial product did not meet the requirement by TIS 1205-2006 (<36%). High salt
was added for product preservation for controlling spoilage and proliferation of
pathogenic microorganisms (Pongsetkul et al., 2015). In addition, total nitrogen of all
Kapi produced in this research was meet the requirements by TIS 1205-2006 (>5.8%)
however, the commercial product did not meet the requirement (5.36%).

The water activity (Aw) of the final Kapi products and commercial
product had the range between 0.729 — 0.738. Aw can be associated with the texture of
Kapi which vary from soft and pasty to dry and hard. The Kapi product can be
categorized as an intermediary moisture food, with Aw about 0.7 (Fennema, 1996). The
low Aw of Kapi products could also be related with increase the shelf-life and preserve
the product from microbial spoilage at ambient temperature (Goulas and Kontominas,
2005; Prapasuwannakul and Suwannahong, 2015). Moreover, the low Aw could avoid
rancidity of the product and limited the growth of food pathogens (Hajeb and Jinap,
2012).



Table 19. Characteristics of the fermented Kapi product

Parameters TIS 1205-2006 Products
KC KP KL KM CP

Moisture (%) <45 40.11+1.40° 41.25+2.32° 42.73+2.19° 40.02+0.93° 41.60+0.14°
pH n.a. 7.3420.04° 7.40%0.04° 7.39+0.05P 7.43%0.03" 7.54+0.072
Salt content (%) >36 41.39+0.43? 40.01+0.43° 40.19+0.87° 40.58+0.87% 35.72+0.43°
Total nitrogen (%) >5.8 7.82+0.782 7.10+0.55% 6.33+0.50° 6.98+0.37° 5.36+0.34°
Color L* n.a. 54.32+0.2° 53.99+0.22° 53.88+0.12° 55.50+1.56" 58.43+0.32°

a* n.a. 7.27+0.23° 7.31%0.22° 7.22+0.29° 7.8620.55" 9.02+0.212

b* n.a. 8.83+0.15° 9.44+0.24° 9.10+0.18° 10.52+0.99° 12.32+0.312

AE* n.a. 55.51+0.29° 55.17+0.13° 55.24+0.26° 56.76+1.35 60.5620.34°
Water activity n.a. 0.729+0.001° 0.734+0.001° 0.736+0.001% 0.738+0.002? 0.736+0.002%

Notes: KC: spontaneous fermentation as a control; KP: inoculated with protease-producing strain, V. halodenitrificans MSK-10P; KL.:
inoculated with lipase-producing strain, Staph. xylosus LSM16; KM: inoculated with both strains; CP: Commercial product. n.a.: not

available. Values are mean = SD. Different lowercase superscript letters in the same row indicate the significant differences at p<0.05.

€eT
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6.3.3.2 Texture profile analysis

Table 20 provides the texture analysis of the produced Kapi product
compared with the commercial product. Primary characteristics of texture were
hardness, adhesiveness, springiness, and cohesiveness, while secondary characteristics
were gumminess and chewiness score (Szczesniak et al., 1963; Bourne et al., 1978). It
was shown that control sample (KC) without any starter inoculation exhibited high
score for the hardness, gumminess and chewiness, which was different with other
products (p<0.05), while the commercial product had the lowest score in hardness.
However, the lowest score for secondary texture parameters, such as gumminess and
chewiness were observed in Kapi inoculated with mixed starter (KM). Since KM was
inoculated with mixed proteolytic and lipolytic starters, it can be assumed that the
activity of protease and lipase produced by the starters take part into lowering the scores
of gumminess and chewiness. All the texture profile analysis was conducted to check
whether the products could have the same performance as the Kapi available
commercially. In addition, all the component analyzed in this texture analysis will
affect the acceptance of panelist in sensory analysis test.



Table 20. Texture profile analysis of the Kapi product

Sample Hardness Adhesiveness Springiness Cohesiveness Gumminess Chewiness
KC  11930.47+407.332 -209.66+48.87° 0.31+0.04°¢ 0.24+0.02° 2830.39+247.462 874.45+99.58°
KP 9894.32+604.19° -119.74+32.51° 0.30+0.02°¢ 0.23+0.01° 2296.51+167.28° 729.48+38.24°
KL 6342.84+198.83¢  -178.16+26.34" 0.37+0.08° 0.23+0.02° 1480.59+135.52° 554.80+79.16°
KM  6557.12+337.94° -82.12+13.43 0.29+0.03° 0.21+0.01° 1366.95+81.19¢ 391.56266.2¢
CP 6360.44+362.50¢ -188.26+76.12° 0.51+0.18% 0.27+0.022 1432.74+63.89° 631.38+89.69°

KC: spontaneous fermentation as a control; KP: inoculated with protease-producing strain, V. halodenitrificans MSK-10P; KL: inoculated

with lipase-producing strain, Staph. xylosus LSM16; KM: inoculated with both strains; CP: Commercial product. Values are mean + SD.

Different lowercase superscript letters in the same row indicate the significant differences at p<0.05.
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6.3.3.3 Protease and lipase activities

Table 21 shows the enzymatic activities of final Kapi products compared
with commercial product. Kapi inoculated with proteolytic strain had the highest
protease activity, followed by commercial Kapi, Kapi inoculated with mixed starter
culture, natural fermentation, and Kapi inoculated with lipolytic starter culture,
consecutively (p<0.05). This result was also supported by the total proteolytic bacterial
count (Figure 38a) during fermentation, which was found the highest in KP, followed
by KM, KC, and KL, respectively. High proteolytic bacterial count resulted in higher
protease activity of the product. Moreover, lipase activity of Kapi inoculated with
lipase-producing strain had the highest activity, followed by commercial Kapi, Kapi
inoculated with mixed starter culture, natural fermentation, Kapi inoculated with
proteolytic starter culture, consecutively (p<0.05). This result also related with the

lipolytic bacterial count (Figure 38b).

Table 21. Protease and lipase activities of final Kapi products and commercial product

Enzyme activity Products

(U/mL) KC KP KL KM CP

Protease activity 18.70+0.07° 21.97+0.09% 17.60+0.27¢ 18.62+0.07° 19.51+0.11°

Lipase activity 10.04£0.35° 9.22+1.06°  14.96+0.94° 11.47+0.35° 11.93+0.21°

KC: spontaneous fermentation as a control; KP: inoculated with protease-producing
strain, V. halodenitrificans MSK-10P; KL: inoculated with lipase-producing strain,
Staph. xylosus LSM16; KM: inoculated with both strains; CP: Commercial product.
Values are mean + SD. Different lowercase superscript letters in the same row indicate

the significant differences at p<0.05.

6.3.3.4 Microbiological safety

Based on data represented in Table 22, it was found that all Kapi
products in this study were safe and meet the requirements by TIS 1205-2006. Coliform
bacteria were not detected for all produced Kapi and commercial product. In addition,

target bacterial pathogens and food-borne pathogens were also not detected in the final
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Kapi product and commercial product. Total viable count as well as yeast and mold of
Kapi products and commercial product were also under the limitation of TIS 1205-
2006. In this study, Kapi was prepared by using high salt content (20% wet basis). High
salt environment in Kapi causes lower Aw which then made pathogenic bacteria could
not grow, since salt bind to water and reduced the moisture needed by the

microorganisms for growing and surviving (Taormina, 2010; Hajeb and Jinap, 2012).



Table 22. Microbiological quality of finished Kapi products compared with commercial product

Parameter Standard Products

KP KL KM CP
Coliform bacteria (MPN/qg) <3 <3 <3 <3 <3 <3
Staphylococcus aureus /0.1 g n.d. n.d. n.d. n.d. n.d. n.d.
Clostridium perfringens /0.01 g n.d. n.d. n.d. n.d. n.d. n.d.
Salmonella Typhimurium /25 g n.d. n.d. n.d. n.d. n.d. n.d.
Vibrio parahemolyticus /0.1g n.d. n.d. n.d. n.d. n.d. n.d.
Total plate count (CFU/g) <1 x10° 8.3x10* 3.8x10* 5.1x10* 4.9x10% 7.4x10*
Yeast and Mold (CFU/qg) <50 30 43 30 37 33

n.d.: not detected

KC: spontaneous fermentation as a control; KP: inoculated with protease-producing strain, V. halodenitrificans MSK-10P; KL: inoculated

with lipase-producing strain, Staph. xylosus LSM16; KM: inoculated with both strains; CP: Commercial product.
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6.3.4 Biogenic amines in samples

The occurrence of BAs in Kapi samples was depicted in Figure 39. It
can be inferred from the figure that none of the Kapi samples contained the four
important BAs (histamine, tyramine, putrescine, and cadaverine) in seafood samples.
This presumably caused by the application of the starter cultures in this study, which
were not the BAs producers as concluded from Chapter 2 and 3. Several reports on BAs
content in food samples found that the application of non-producer BA could
diminished the BAs level in food samples. The addition of Lactococcus lactis CPHO-
1S as a starter culture in fermented shrimp (kung-som)was markedly reducing
accumulation of tyramine (Saelao et al., 2018). Staphylococcus strains were also having
high abilities to inhibit the BAs accumulation in fermented meat (Lu et al., 2019). In
addition, the co-culture of Staph. xylosus and Lb. plantarum could inhibit the BAs

accumulation in Harbin dry sausages (Sun et al., 2016).

<«— Solvent front

<— Starting point

Figure 39. Dansylated biogenic amines of standards and samples as separated by TLC.
Standard of: tyramine (1), cadaverine (2), putrescine (3), histamine (4); water (5); KC:
spontaneous fermentation as a control (6); KP: inoculated with protease-producing
strain, V. halodenitrificans MSK-10P (7); KL: inoculated with lipase-producing strain,
Staph. xylosus LSM16 (8); KM: inoculated with both strains (9); CP: Commercial
product (10).
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6.3.5 Sensory analysis

Sensory analysis was performed by 30 panelists, with the age range
between 25-49 years old. Table 23 summarizes the sensory analysis report of Kapi
produced in this research (KC, KP, KL, KM) compared with the commercial product
(CP). This table shows that commercial product (CP) had the lowest score in aroma,
taste, and overall acceptance by the panelists compared with other Kapi produced in
this research (p<0.05). However, it should be noted that samples inoculated with single
culture and mixed-culture had the highest score for the aroma and taste which means
the studied samples get better acceptance compared with the non-starter inoculation and
the commercial product. In addition, scores for appearance, color, and texture showed
no difference among all samples produced in this study also with the commercial
product (p>0.05). This reflects that even the inoculated samples had lower value of
color (Table 19) and had higher values of texture analysis (Table 20) in some aspects
compared with the commercial product, all the Kapi produced in this study can be
accepted by the panelists. Moreover, this result provides that the addition of starter

culture(s) could produce Kapi better in the sensory quality.



Table 23. Sensory analysis of final Kapi products and commercial product

Sample Appearance Color Aroma Texture Taste Overall
KC 7.17+£0.872 7.17+0.992 7.13+£1.442 7.17+£1.222 6.67+1.20% 6.97+1.31°
KP 7.07+£1.262 7.13£1.012 7.30£1.392 7.40£1.292 6.93+£1.59? 7.07+£0.992
KL 7.30+£1.432 7.20£1.132 7.23+£1.152 7.23+£1.192 7.03£1.50? 7.17£1.072
KM 7.20£1.452 7.13£0.902 7.27+1.08? 7.30+1.252 6.90+£1.472 7.13+£1.202
CP 7.30+1.41° 7.30+1.58? 6.40+1.86° 7.20+1.33° 6.50+1.73 6.73+1.68°

KC: spontaneous fermentation as a control; KP: inoculated with protease-producing strain, V. halodenitrificans MSK-10P; KL: inoculated

with lipase-producing strain, Staph. xylosus LSM16; KM: inoculated with both strains; CP: commercial product. Values are mean £ SD

(n=40). Different lowercase superscript letters in the same column indicate the significant differences at p<0.05.
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6.4  Conclusion

Kapi products inoculated with protease-producing bacteria, V.
halodenirificans MSK-10P and lipase-producing bacteria, Staph. xylosus LSM16,
single inoculation and mixed inoculation, met the physicochemical characteristics and
microbiological safety required by TIS 1205-2006. Sensory analysis also showed that
all Kapi inoculated with those starter culture(s) were well-accepted by panelists
compared with Kapi without any starter’s inoculation and commercial product.
Therefore, protease-producing bacteria, V. halodenitrificans MSK-10P and lipase-
producing bacteria, Staph. xylosus LSM16 could be applied as promising starter

cultures in the production of Kapi.
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CHAPTER 7
CONCLUSIONS AND SUGGESTIONS

7.1 Conclusions

1. V. halodenitrificans MSK-10P, a selected protease-producing
strain isolated from Kapi tolerated to high salt environment as well as exhibited high
protease activity. In addition, it was safe to be used as starter culture based on its safety
attributes, such as negative activity in hemolysis, neither biofilm formation ability nor
biogenic amines production. This strain also exhibited susceptibility to all antibiotics
tested.

2. Staph. xylosus LSM16, a selected lipase-producing strain
showed remarkably functional properties and considerably safe to be applied as starter
cultures. It exhibits high lipase activity, considerable salt tolerance, antagonistic
activity to several Gram-positive pathogenic bacteria, y-hemolysis, weak biofilm
formation ability, and susceptible to all tested antibiotics. Its antagonistic activity came
from bacteriocin-like inhibitory substance. In addition, it was also did not harbor the
classical SE genes and genes encoding several important decarboxylase enzymes.

3. Protease production by V. halodenitrificans MSK-10P was
optimized using OFAT method. Protease production of V. halodenitrificans MSK-10P
had optimum at temperature 37°C, pH 8.0, and agitation at 150 rpm. In addition, 1%
(w/v) casein, 2.5% inoculum and 10% NaCl gave the highest protease production. In
addition, the highest protease production was obtained at 36 h of incubation with 3.83-
fold increased from initial production. Moreover, this protease can be applied in saline
environment since it showed stability over 0-25% NaCl.

4. Lipase production by Staph. xylosus LSM16 was optimized
using OFAT method. Lipase production of Staph. xylosus LSM16 showed optimum at
temperature 37°C, pH 7.0, and agitation at 150 rpm. Moreover, 2% (w/v) olive oil, 1.5%
inoculum and 10% NaCl gave the highest lipase production. In addition, 48 h of
incubation time exhibited the highest lipase production with 3.34-fold increase of
production. Moreover, this protease can also good to be applied in saline environment

since it showed stability over 0-20% NaCl.
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5. Protease-producing bacteria, V. halodenitrificans MSK-10P and
lipase-producing bacteria, Staph. xylosus LSM16 were studied for their potency as
starter cultures in the Kapi production. Application of these strains in single and mixed
inoculation produced the Kapi that met the physicochemical characteristics and
microbiological safety required by TIS 1205-2006. Sensory analysis also showed that
all Kapi inoculated with those starter cultures were well-accepted by panelists
compared with spontaneous one and commercial product. In summary, protease-
producing bacteria, V. halodenitrificans MSK-10P and lipase-producing bacteria, S.
xylosus LSM16 could be applied as the promising starter cultures in the production of

Kapi.

7.2 Suggestions

1. Composition of amino acids and volatile compounds of the final
Kapi products should also be determined.

2. Purification of protease from V. halodenitrificans MSK-10P and
lipase from Staph. xylosus LSM16 should be performed to further characterize their
biochemical properties and investigate their potential application in food biotechnology

or other applications in agricultural field.
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APPENDIX A

Standard curve of tyrosine
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APPENDIX B
Standard curve for oleic acid
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