CHAPTER 11

LITERATURE REVIEW
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. | Spoilage yeast

Yeasts are unicellular fungi that have the ability to rep asex%semially by
L

budding. They are classified as heterogenic organism hey i,‘l‘eugg;] cach

'qg'zics. Yeasts
Y.

are abundant in environments such as soil@ watdy, ¢ 'lb%d insects. It is

noteworthy to state that yeasts are also presc -esh and processed
foods and other industrial raw materia 1)})1 re well known for their

D)

beneficial role in the food induslry\l T¥ stion of fermented products
and in the production of brea c Hocling ld‘)w

& NS
However, excessive E 1 of yndesirable S

asts in food processing can result to
complications in Q’r andf sa o

ty? wil”significant economic losses. Yeasts can
cream and xrl; meat products such as sausages; sugar, syrups, honey, berries and

fruit pro , vegetables including pickled cabbage and pickled cucumbers: juices,

soft drinks, alcoholic beverages and wines, salad dressings, mayonnaise,
confectioneries, jams and jellies as well as bread (De’ak, 1991; Pitt & Hocking, 1997:

Loureiro & Querol, 1999). Water activity, nutrients, and acidity are some intrinsic

factors that may enhance yeast spoilage of a product (De’ak, 1991). Some of the



D

attributes of yeast spoilage are off-flavour (souring), production of gas (discolouration

and swelling of containers) and textural changes (sediment formation and surface

X
O

Over 200 species of yeasts have been isolated and identified in i‘oowﬂiucls (De’ak.

growth) (Loureiro & Querol, 1999).

1991 Kurtzman & Fell, 1998; Barnett et al., 2000). However, Ritt 2 Hocking (1997)

reported that only Brettanomyces bruxellensis, Sei, 'C. parapsilosis,
Debaryomyces  hansenii, Kloeckera apiculata,
mucilaginosa, R. glutinis, Saccharomyces cerevisic
Torulopsis holmii, Zygosaccharomyces bai/ii%
rouxii are known to act as spoilage ag@en foo
yces. S()\&h%

1ch an a several infections in

accordance with good manufacturing
also known to be opportunistic 1\
vulnerable people. Usually, fi v 10W reast infections although
‘ ga @anuus or allergic reactions in

there are some few documentec

0 b@iﬁ(\ sts (Loureiro & Querol, 1999).

which the causative age \&; su :

%—3 &
Spoilage of too% begelaghs, set=Ql when the food products are no longer

Yv
acceptable t v\Ammu due to Y&.dbdﬂl odour, appearance, taste, texture, or
combinal%lh ese defects. In the handbooks of yeast taxonomy, the characteristics
of 7(0 of yeast were extensively described and a quarter of these yeasts can be
isolated from food products (Boekhout et al., 2002). However, very few are known to
play significant roles in food spoilage. Fifty years ago, there were no reports about
food-borne yeast causing significant public health panic (Ingram, 1958; Walker &

Ayres, 1970). However in 1980s, a report was cited referring to yeast as the main



causative agent in the development of allergies which have a negative effect in

humans.

Low populations of basidiomycetous yeasts (Cryptococcus, Rhozc 1,
Sporobolomyces spp.) are reported to be predominant on the s!& f fresh

vegetables (Edgar & Aidoo 2001). However, most spoilage in vu ctdles is as a result

of bacterial spoilage rather than spoilage by yeast and ll?my be due to the

l isp more often

C‘

proteinaceous nature and neutral pH (Carlin, 2000). Shoiga

related with fermented vegetables, such as the pink

L
colouragfion i r“dl@;{\ut by

Rhodotorula species, the softening and bloating

Saccharomyces, Debaryomyces, Pichia, f and"Rh ¥ (Fleet, 1992).

Ready-to-eat vegetable salads (coleslaw, p salad al

vinegar-based mayonnaise or salad dr : & a& on& reast spoilage during
“ Q-

refrigerated storage because of 11«,1 sceased leet, 2; Fleet, 2006; Kurtzman

& James, 20006). Yeasts suchc fi zl(l, Lflchc?mh@ Rhodotorula, Kluyveromyces

\’\dl(,l content and even at low

al’ig)\:m liable to spoilage especially when
’ﬁ&éldb hyperosmotic condition or long-term
% 5

ol

Rhodotorula is a widespread environmental yeast that is present in air, soil, lakes,
ocean, milk, and fruit juice. It is classified under the phylum basidiomycota and has

the ability (0 inhabit plants, humans, and other mammals. The genus Rhodotorula



consists of eight species, out of which R. mucilaginosa, R. glutinis, and R. minuta are
recognized as disease causing yeast in humans (Larone, 1995). Rhodotorula produces
pink to red colonies with blastoconidia that are unicellular lacking pseudghyMac and

hyphae. Rhodotorula spp. was reported as evolving yeast pathogens iI:L;m)ns in the

last two decades. They are abundant saprophytic yeasts that can gcovered from
many environmental sources. This yeast has been observed to ha¥gg?strong attraction

equipment, fibre-optic bronchoscopes, and other enviro

shower curtains, bathtubs, and toothbrushes (Kich@ i

Pfaller & Diekema, 2004). i

Several authors reported the isolatio ecosystems,
including sites with adverse conditie Qs the gt the Baltic Sea, the high-
altitude Lake Patagonia (Libki i vegetation of Antarctica
(Pavlova et al., 2001), aquatighyj adahl et al., 2003), and high-
temperature cn\'iromncn&h as@wd S@sracl). Lake Enriquillo (Dominican

N, |
Republic), the Great %Lak (fJ {Btlc}?ar et al., 2005), and beaches located in
N 5
northern Brazil (% et all, g lg. T{Sse authors reported that, R. mucilaginosa was

the third mog

a

ted yeast in seav T

R. m'@nosu is mostly isolated from foods and beverages. Numerous studies have

described the presence of R. mucilaginosa in peanuts, apple cider, cherries (Venturini
et al., 2002), fresh fruits, fruit juice (Las Heras-Vazquez et al., 2003; Tournas et al.,
2006), cheese, sausages (Gardini et al., 2001), edible molluscs (Kajikazawa et al.,

2007)., and crustaceans (Eklund et al., 1965; Senses-Ergul et al., 2006). Although the



consumption of food contaminated with yeast may not have a direct role in causing
opportunistic infections, there is growing concern that food may be an underestimated
source of environmental pathogens (Fleet, 2003). The species of R. glulin?ﬂd R.

minuta are less frequently isolated in natural environments cop to R

mucilaginosa. These species have been discovered in air, seawatgg (including deep

agahama et al.,

environments), freshwater, and goat’s milk (Libkind et al., ZM

20006; Callon et al., 2007). z '

Environmental studies have documented the presengg

fruits, sugar cane, and shrimp in the waters of S

al., 1998: Trindade et al., 2002; Pagnocca 201 j I cddiu'QnE environmental
observation of yeasts in specific ar 5 0 Iy alT 1'0led the presence of
Rhodotorula species in a substantial 4 t oniu santple s@n eiro et al., 2010). As

a direct consequence of the % &'\)do/o/u/a in the hospital

environment, patients who nnum system can develop

2./

Rhodotorulosis, causing gyar tions. In fact, Rhodotorula spp. is

the most common llll% nipn? is y!i

he hands of hospital employees and

patients (Strausbg %l # W0 $
SR LA
A bt

Further s

and #yg dcyelopment of opportunistic fungal infections. These future studies should
lay emphasis on the survival and growth of Rhodotorula in the gastrointestinal system
and its potential ability to transfer from the gastrointestinal tract to bloodstream by
understanding the ecology of Rhodotorula in hospitals and healthcare environments

(Fleet & Balia, 2000). In this aspect, Rhodotoruia spp. have been isolated from stool



samples, indicating that these yeasts can survive in the extreme conditions of the
gastrointestinal tract, and it is still uncertain whether Rhodotorula is capable of
passing from the gastrointestinal tract into the bloodstream (Van Uden, 195 w

X

.. 2004). Thus, R. mucilaginosa from food system can lead to health %1

Among the few references about the pathogenicity of RhodotONJapSpp. in animals,

\ 1ig'cns'and a report of a
U0 IWonga et al.,
| ]

there are several reports of an outbreak of skin infections i

lung infection in sheep, both caused by R. mucilaginos
1980). Rhodotorula was reported as the causative
in a sea lion, and dermatitis in a cat that had uus

al., 1992; Costa et al., 1993; Kadota et al.

reported the Rhodotorula genus Yy oni
ostriches, in faecal sample %v '

suburban areas, in the L@b Q,@»alll@h parasitic otitis, in healthy rhesus
\ )
monkeys, genital luu% alghy? a} cgfgcls, and in healthy cats (Amaral et al.,

1998:; Melville ( EE;O—I‘-I -0 :-‘ ¥005; Costa et al.; 2010; Lord et al., 2010;

Shokri et al. %) These studi Lh@lcdlb the pathogenicity of Rhodotorula is not

only ulh%man being but animals as well.

Rhodotorula spp. is also capable of producing biofilm. Different species of

Rhodotorula are abundant in the environment and are known to be normal inhabitants
of the human body. Furthermore, they are recognized as common contaminant of skin.

urine, respiratory and gastrointestinal systems in average humans (Zahra et al., 2015).
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Among the species of Rhodotorula, the R. mucilaginosa, R. glutinis, and R. minuta
have been reported as human pathogens. These species causes invasive
Rhodotorulosis among immune-compromised patients (Fleet & BaliXgra00).
Moreover, out of these three species reported as human pathogens, G}agmosa

are also able to form biofilm by adhering to surfaces (Ganttle et al.,@Q11).

2.3 Yeast identification

Yeast can be identified either phenotypically or 13’. @API 20C
AUX were used for phenotyphic identification. U)Qjévi.oMe'ricux)
contains 19 carbon assimilation tests incu obéﬁ/\e manually for
turbidity. Results were obtained after 20C introduced in
1975 had a combination of fermer ts in micro tubes. The

dles. The fermentation tests

| Q
required Vaspar seals and %nal&w oS (Bowman & Ahearn, 1970).

Fermentation and actidigggte wele rel oved@ replaced with all assimilation tests

in an easier cupule %\Io feil§
approach was ul%' duge f :1‘

generated fr ction patterns. h@(‘rous evaluations of the API 20C compared to
con\'cmi%cthods showed correct performance ranged from 93.0% to 100.0%

wheggsed conjunction with recommended supplemental tests such as microscopic

e
{ insgl ation. A computer assisted numerical

N L g
pld@!la analysis of octal-coded profile numbers

morphology (Giindes et al., 2001).
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Identification of yeast genotypically can be done by PCR-based assays which are
rDNAs. Interestingly, rDNA subunits contain highly conserved domains separated by
more variable domains that display species-specific sequences, making the rget

of choice to design universal PCR primers and species- or genus-specifi %\rs. The

ribosomal rDNA region consists of genes encoding for small (18S), 586 and large
(26S) subunits of ribosomal DNA separated by the internal tran b° spacers named

ITS1 and ITS2 (Reiss et al., 1998; Lott et al., 1993). mﬂ’ copy target is

expected to lead to a more sensitive PCR-based qss@ single-copy
'

targets. Additionally, ribosomal DNAs are the most {] ent fuhgs ]'J ‘s;g-ucnccs

available in the public databases, making it Ldbl en omo‘hl\. searches.

Several universal fungal primers 1cp1cscnl@ﬂy :&m /e déé{ ns have been

designed either in the 18S rDNA subur m A m_&‘ r in the 26S rDNA

region. These primers allow the amplifi

O

i I .SS,@ DN/ ASSvell s

&
and I'TS2 regions (White et al., 1%0\: é

2% Lactic acid b.ut > '

"} 3’ ,(:_)é"

Lactic acid bact %AI%@) : u@osmvc non-sporulating, cocci and rod,

calalasc-ncuau&n facultative an{@@bl bacteria with a fermentative metabolism.

Most of 11n§\i1 eria in the LABs group are non-pathogenic, acid resistant, bile

CO produce antimicrobial substances such as organic acids, hydrogen

peroxide and bacteriocins (Dunne et al., 1999). However, there are some few types of

‘\

LABs which have been categorised as pathogenic. Examples include S. pyogenes. S.
agalactiae, S. pneumonia and S. mutans which causes dental caries. LABs have been

widely used to improve the aroma and texture of fermented foods. It has also been
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used in prolonging the shelf life of dairy and meat products by inhibiting the growth

of spoilage microorganism.

o

LABs are also used commonly as starter culture for the production of fi

and beverages in Asia, particularly in Malaysia. The antimicy

produced by LAB enhance the immune system of human by mJM the growth of

pathogens in the intestinal tract (Chelule et al., 2010). L an e isolated from
different sources using selective media such as Man Rog®wg.and S MRS agar)

L 4
¥
and/or LM broth. These two media are mostly us L(,llOl ar ~‘111u§g?uion of

LABs in fruit juice, dairy products and various othc\odds ?H-c\ Y

LABs are divided into two groups depengh n pathway. The first

group are the homo-fermentative bé

which produce 95% of lactic a \ e 0 ATP from one glucose
' Q

molecule. The second 0loup rcythe hgtQrofepmenttrs such as Leuconostoc and

T ok

Weissella produce one ‘tal e 1lmol CO; ,‘Qld one ATP out of one glucose
\

cus and Streptococcus

v

molecule. Homo- 1&.111 3 e fstfai p! Eﬂ) usually degrade hexoses via the

| & . |
glycolytic path\\ mc‘q al :«, améﬁuctosu after glucose degradation and this
leads to ac\ oduclxon On .Qg other hand, hetero-fermenters use the 6-
phosj 31100@ pathway to degrade carbohydrate to produce a range of metabolites
such ageth¥ol, acetate and CO; in addition to lactic acid (Ganzle et al., 2007; Khalid,
201153

Strains of LABs include Leuconostoc, Streptococcus, Lactobacillus, Enterococcus,

Aerococcus and Pediococcus spp. Their natural habitats are the intestine and the



reproductive tract. Out of the 16 genera of LABs, only 12 are active in food
processing. Majority of LABs are mesophilic (grows at temperature ranging between
10-15°C). However, some are thermophilic which grows at temperaturqmiageing
between 40-45°C. The optimum pH of LABs growth ranges between @3 Some
strains can withstand pH above 9.0 or as low as 3.2. Purines, pyrimidineMamino acids
and vitamin B are essential for LAB growth. LABs can onlg profuce ATP from
fermentation of carbohydrates because they lack the abilit loWesizc cytochromes
and porphyrins (Bamforth, 2005; Khalid, 2011). LABs t prodbge yaflno acid and

0y
hence they depend on the available amino acid pr@ the grow ﬂle A Amino
ad

acids need of LAB strains differ and hence, LA]Y-c vel apx;ion to rich

amino acid environments through enzymé@ns l?l‘]l 1 e@t the nitrogen
sources present in the enviroment (Axelgson, 20 T -k:
?3 o ; S

“

The classifications of LABs havg refine Vers@%owevcr, the classification
described by Orla-Jensen (l%;till 1

can be used to classii’)&m which™ Clude.JBe
temperature, mode o@&‘ cmeyal )(,gld

at high salt concg 1S ¢

ldcx\ution of lactic acid bacteria

N

The identification of LAB by biochemical methods has been well studied previously

1} se }!h@fesent day. Various criteria that

w
=

2

N

(Ahmed & Kanwal, 2004; Parvathy & Puthuvallil, 2005; Isabel et al., 2000). API 50
CHL kit (BioMérieux, France) is widely used for identification of lactic acid bacteria.

This method is simple, and involves the fermentation of different carbohydrates after
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48 h of incubation (Conter et al., 2005). However, API test has problems such as the
distinguishing between the changes of colour after the fermentation of the

carbohydrate in the wells. Other issue is the number of the cell of LAB coxw! low

and not sufficient to ferment the carbohydrate in each well (Muhialdin 5@% 1).

The molecular biology has developed very fast and this leave :;1 impact on the
microbiology world. Phenotypic characterization based on dih,ll entation may not
IB; obsu\ ed by

always offer sufficient basis for the reliable identificatio

several researchers (Ashmaig et al., 2009; De Ar I\'Iu,& a et al.

Y-
‘n l(@ﬂ to identify

dsQl as 16S rDNA,

@)

gajas become prevalent

2003; Nigatu, 2000). Genetic tools and lechmqw .
sl

LAB especially polymerase chain 1cac11on

16S ribosomal RNA (rRNA). 16S r

microbiology and biotechnology asasg ation accurate methods

alternative to phenotypic, fingerpg \ ¢ 1io§gmcnt length polymorphism

W
(RFLP) in this method thu% on ¢ ?@8 the DNA sample into pieces
\ (J

(digested) and the us ‘slu‘llon Tag n s are separated according to their

lengths by gel electr L%\ls He 2 1}! 01; Schleifer & Ludwig, 1995). The

el By
molecular identij 1is aded :n 1e@milarity with other sequences within the data

Yv
base in th ank. \C)\’

S
N

%



2.6 Antifungal compounds produced by LAB

2.6.1 Organic acids \Y '
LABs produce organic acids as a result of carbohydrate ferme 1. The main

products of carbohydrate fermentation of LABs are lactic acid, ™g#c acid and other

mzs diffuse through the

acids depending on the strain of LAB (El-Ziney, 1998). T

membrane of the target organisms in their hydrophobic uMgissqcia m and then
educe the cytoplasmic pH and thus stop th >tabolic 711’ 5{'@ Plard &
o‘

Desmazeaud, 1991). Acid also helps in owumol 1

L,dlll n?\u{d inhibit the

Fz%(ium, Penicillium,
Aspergillus and Monilia were reported e !i ¢ in n!ﬁ a Jhjare of acetic, caproic,

formic, propionic, butyric and n— acids 1dc eggy L. sanfrancisco CBI

(Corsetti et al., 1998). The wul\Yﬁa , @1 at low pH conditions, and
they are less active at neutral pH ;,hdl&'
Acetic acid is a we 1%\\’11
against yeasts, n% db
and Hmw/Ammcnlemm’e @09 produced organic acids and delayed the

growth %u/z(um 1092302 up to six days after W. paramesenteroides 860509

@s sPrayed on the surface of grape fruit (Lan et al., 2012). Lactic acid and acetic

growth of other microorganism. Sever,

Wb ﬁiu ‘m its wide range of inhibitory activities

. N il
jBlox{k Mortvedt, 1991). Weisella cibaria 861006

acid can work synergistically to improve the antifungal activity at concentration of 78
mM and 31.2 mM respectively and at pH 3.4 (Leon Pelaez et al., 2012). Indeed, L.
amylovorus DSM 19280 has been reported to produce a variety of organic acids

detected by HPLC and found to be inhibitory to Penicillium expansum, Penicillium
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roqueforti, Aspergillus niger, Aspergillus fumigatus and Fusarium culmarum (Lynch
etal., 2014). Gerez et al. (2013) evaluated 91 LAB isolates for their antifungal activity
and discovered that lactic and acetic acids were responsible for the antifur

Lactic and acetic acid were reported to inhibit the growth of Cladosps% sp. YS1,

ity

Neurospora sp. YS3, and P. crustosum YS2; these acids vegegProduced by

Lactobacillus citreum and Weissella and added to rice cakewuural antifungal

agents (Baek et al., 2013). z '
2.6.2 Carbon dioxide

%\Y'

Carbon dioxide is one of the end-prodge \ cMfientege CABs during the
fermentation of carbohydrate (Gottsch @da operates according

N

ogioxide has an antimicrobial

as Botrylis, R/zz‘:opza% Peidill &rbﬁ@t inhibited by 10% carbon dioxide but

N3
% \@h have strong antifungal activity (Clark &

S

Takles, 198" cstad et al., 198
2.6@1‘0g0n Peroxide

Most LAB species are able to produce hydrogen peroxide in the presence of oxygen
(Kandler, 1983). Many researchers have widely studied hydrogen peroxide and it

mode of action (Davidson et al., 1983). It is related to the strong oxidising etfect on



1%

the bacterial cell, and to the destruction of basic molecular structures of cellular
proteins (Condon, 1987; Magnusson, 2003). The inhibitory activity of hydrogen
peroxide was reported to be due to its strong oxidizing effect on bauulYﬂ In
addition, an anaerobic environment is needed for certain hydrogen pero \ duuno

reaction which is an inhibitor factor for some 111101001gamsms(*\\dland &

2.6.4 Reuterin

the anaerobic fermentation of the 1

1989). Reuterin is active aaam@ l S mi é%lgamsms including Gram-
|
Wiﬁ

positive and Gram-negative Pria, @ Species of Aspergillus and

Fusarium were in nbnc& 11*'1'1 (CDung %1%! 1989). Claisse & Lonvaud-Funel

(2000) reported tl al%\l
brevis, L. buc/n%hl

antifungal L und produced b\szemen it has a molecular weight of 349 Da,

N
p lduﬁé)i‘rom different LAB strains such as L.

ricyclin is another low molecular weight

’;?

negative %g d, and highly hydrophobic (Holzapfel et al., 2001). The minimum

inhiaitioteoncentration varied between 0.1 to 1 mg/L (Ganzle et al., 2000). ihe
addition of glycerol enhanced the production of reuterin as well as their antifungal

activity (Magnusson, 2003).
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2.6.5 Phenyllactic acid

The early report about the production of phentyllactic acid by certain LAB z‘@»ows
antifungal activity was reported by Lavermicocca et al. (2008). Phe%\ic acid
isolated from LAB reported to have spectrum range to inhibit )z@n bacteria,
spoilage bacteria and spoilage fungi (Strom et al., 2002; Magnu% 03; Magnusson

lllil which have isolated

from grass silage observed to have a broad spectrum of dMgungz Wﬂd, that was

et al., 2003). Prema et al. (2008) reported that L. plantaru

o
due to the production of 3-phenyllactic acid which g ong ihhik 1‘1@ growth

of food and feed-borne filamentous fungi in agarWass S ourﬂ'x;ead started

with L. plantanum 21B that produce })hen@eid Z@e ; ibi%‘ﬁe growth of the
breal s

fungi A. niger for 7 days compared t a_\! brevis that did not

produce phenyllactic acid (Laverny

reported to be produced by se \A

toward 4. niger CH 101, % : 5
o \ e l"\ L
digitatum INTA 2 and m i keitri- 11/'(117@1\“%\ 1 (Gerez et al., 2009:; Gerez et

al., 2013). (_} .?'_I(j)o

2.6.6 Anti&l protcinaccou@mounds

e &}ently, phenyllactic acid
&

-~

Seviaal JYhors have reported that LAB have significant bioactive peptide producer
and these peptides exhibited antifungal activity toward various spoilage and human
pathogenic fungi (Strom et al., 2002; Magnusson et al.. 2003; Coda et al., 2011: Gerez
et al., 2013). The production of the antifungal peptides is due to two possible routes,

the first mechanism of production is through their digestive enzymes. Lhese enzymes
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can break down the big proteins such as casein, a-lactalbumin, and lysozyme into
small active and health promoting peptides (Christensen & Reinecccius, 1995;
Natteewan et al., 2010) these peptides composed of 3 to 20 amino acids. On her
hand, the cationic peptides are gene-encoded peptides composed of 12@ amino
acids (Touch et al., 2009). These peptides production is a resuh% secondary
metabolites of LAB strains as part of their life cycle, these ‘wch d peptides are

important for the growth of the bacteria and is part of 1@?}@'1‘01)0@ mechanisms

l

against other microbes presence in the same environme \d
®
I _{—:\T
Lactococcus luctis subsp. Luctus CHD-28.3 was fw ; galYasX\'fity against
several spoilage fungi and found to prevenfC{ReNEroy (th o i lﬁi in agar plate

ch Qe
assay. The strain was isolated from ghedd? §T E&C)Qlccd proteinaceous
compounds (Roy et al., 1996). StilgsLlam. 9) § “cen@n'ee strains of LAB for

- '
and heated to eliminate the oNg a ‘1d“',‘ d ’91‘ O peroxidase but the activity was

maintained and the aut}& gest thatype act'@y was due to compounds other than
C

organic acids.

\ ’ |
\
& v
A novel pr\' eous compound\@)ﬁ isolated from L. plantarum NTTE 78076 and
inhibite Yowth of F. avenaceum, one of the identified compounds was cyclo

1-[eucyl) (Niku-Paavola et al., 1999). At the same year, Okkers et al. (1999)
purified and characterised a protein-like peptide (pentocin TV 35b) from L. pentosus
TV35b. which has inhibitory activity against C. albicans. Proteinaceous compounds

produced by L. coryniformis subsp. Coryniformis strain Si3 were highly heat stable

with an estimated molecular weight 3 KDa and broad spectrum (Magnusson &



Schniirer, 2001). Other kinds of antifungal dipeptides which are cyclic, cyclo (Phe-
Pro) and cyclo (Phe-OH-Pro) were produced by L. plantarum Mi LAB 393 and L.
coryniformis subsp. Coryniformis Si3 strains with broad spectrum a?mgal

inhibitory activity (Strém et al., 2002; Magnusson et al., 2003). %\

The cell free supernatant of L. paracasei subsp. Paracasei BN A'l‘&w\nd BN ATS

7w antifungal strains was considerably inactivated by enzymes twm and this may

gy fogmented
Ny

(Yread up to 21

days (Coda et al., 2008).

2.1 Anti-adhesion activity of lgc®gacid

[LABs isolated from diffw )urc "mj{ to have anti-adhesion activity.
Recently, Bulgasem C@O

from various sourq‘*‘ o) hongy

formed by sevg es o
A ¥
interfering & ¢ pathogens adhdon on epithelial cells of urogenital and intestinal

p—

p{‘ @2 anti-adhesion activity against biofilm
N3

la @cs. Lactic acid bacteria are also capable of

tract ( ¢ Nader-Macias, 2007).

LAB-CFS are reported to have compounds which can decrease the adhesion of
pathogenic micro-organisms to glass (Velraeds et al., 19906), silicone rubber (Busscher

et al., 1997), surgical implants (Tamang et al., 2005) and voice prosthesis (Rodrigues
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et al., 2004). Many LABs are documented to inhibit the growth of yeast species by
various ways which includes competition for adhesion sites or production of different

antagonistic metabolites which inhibit the growth (Ronnqvist, 2007). Y.

The ability of bio-surfactant to reduce pathogenic microorganisms auacLhem is well
documented by many researchers (Fracchia et al., 2010; Gudina %;:10 Gudina et

al.. 2010b; Ali, 2012; Zakaria, 2013; Abedi et al., 2013).

cct of CES as anti-

,'

adhesion is dependent on the properties of the supernat ani 1&51Ld and

0
surface properties. When the surface is acc unauzeéw iperifata cqn& nﬂ bio-

surfactant it becomes more hydrophilic and qu r )cuagy'microbml

attachment (Zeraik & Nitshke, 2010). LAB {r tl '11 rgefice ﬁurt‘aclanls can

decrease microbial adhesion and reduceg 010 zalen b th%;ﬁu, microorganisms
od 4 L ]

not only in the biomedical field, b m fo

&
Nitschke & Costa, 2007; Singh ¢ \07 2

2.8 Bacteriocin plOQldC lL ac ‘IL&I 1
N
C\ | (_)C)

In recent years, L lblOll(, is considered as a menace due to the
wide- mnc’ 20T LOHVCHHOIM@?EIOUCS in the treatment of human and animal
discases g 997 Lipsitch et al., 2000; Yoneyama & Katsumata, 20006). As a
al resistant strains have mutated and spread leading to complications and
the restriction in the use of antibiotics as growth promoters. The discovery of novel
antimicrobial agents has led to rise for use in medicine (Fisher et al., 2005; Kumar &
Schweiser, 2005). It has also become imperative to regulate their unchecked use in

food and feed products; one acceptable alternative is the use for bacterial peptides as



antimicrobial substances in place of antibiotics of human use. Among them are
bacteriocins which are produced by lactic acid bacteria and have attracted growing
attention because they are active in a nanomolar range and have no toxicity. Y.

Bacteriocins are proteins or complexed proteins biologically actiye w h possess
antimicrobial action against other bacteria, particularly relatogspgeies. They are

tiR in order to avoid

misunderstanding and apprehension with therapeutic anWggotics \Wm possibly

o o
cause allergic reactions in humans (Deraz et al., 20@&@1& *ing rgi k_{e}’n to be
different from most therapeutic antibiotics becausY'Hts P‘% eoumxzure that is

produced by bacteria and are usually not called anti

Y-

can be quickly digested by proteases in 1tary anal. They are

il&)c; of improving their

@\avedra et al., 2004).

ribosomally synthesized peptides, and ths

characteristics to increase their actiVv i

N

Small amount of bucterioci%i

bacteria that vie for thy } e

considered as bcncﬁ@'o And

fact that many jag cin’ a ,,.
effective a$associatcd bacl@’ with nutritive demands for the same rare
reSOUrCC van et al., 2000).

2.8.1 Range of activity

Considering the antimicrobial variation, producing organism, molecular weight,

stability, physicochemical properties and mode of action of bacteriocins, they form a



diverse group. There are some types that are active only against homologous species,
and others are active against a wide range of Gram-positive microorganisms. Nisin is

a typical example of those bacteriocin that are active against a wide range

positive microorganisms and it is produced by certain strains of L. lactis gu
(De Vuyst, 1994; Rodriguez, 1996; Moreno et al., 2000). However, 11im$0duced by
L. lactis subsp. lactis, is only effective against Gram- negatige bztula if high

concentration are used or when target cells have been pre-tr Wl EDTA (Stevens

o
Y.
D [ F1s
4 e @Ieria. This

etal, 1991).

Bacteriocins are not well known to be effective a3 le 1
is because the outer membrane of this bdcteu@unct a p{c‘%abilily barrier
for the cell. This membrane prevents n ms L&? ti\g@:s, detergents and

{ f(,na a , 1991). However,
previous studies have indicated s c ct

Examples are plantaricin 3 duu9 by » Q'[(HI{HZ and active against A.

hydrophila (Messi et al ) L{\Cle' cin 51BR, produced by L. pentosus

/€

ST151BR (lomdm ? ?ld a)(lfactuxocm produced by L. paracasei
@
subsp. par acuse QL ft I ] idi, 2002); thermophylin, produced by S.

r/zezmop/n/usA against L. q@g’ Yersinia pseudotuberculosis and Yersinia

wng the Gram-negative species and against several Bacillus species.

enterocoly
L. naguocyegenes and S, (yphimurium among the Gram-positives (Ivanova et al.
1998). Bacteriocins ST28MS and ST26MS, produced by L. plantarum that was
isolated from molasses (Torodov & Dicks, 2005) subdued the growth of E. coli and
Acinetobacter baumanii along with some Gram-positive bacteria. Lade et al. (2000)

also isolated two Lactobacillus species (L. plantarum and L. lactis) from vegetable

:?
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waste and observed that they produced bacteriocins which inhibited the growth of E.

coli.

282 Stability C\
Some studies on the classification of bacteriocins have shown tmwzmo lecules are

Yﬁus indicates the
3). 1%@1’\’@(1 that
L ]

the antimicrobial activity of the bacteriocins ST28MS ST2¢qMS r<,dk by L.

temperature and pH dependent. Susceptibility to proteolyj

proteinaceous properties of bacteriocins (De Martins et ¢

plantarum isolated from molasses reduced drastic ICI\Q e \\’&Q)Yl')rotcinasc

ingd remMged stable after

K. pronase, pepsin and trypsin. However, tcwc ter
incubation for 2 h at pH values between 2 OXD Q\l

activity was observed after 90 min at 1?;

2005). The thermos-tolerance feagure 11c

of the molecular structure 01%1 4@
tertiary structure (Toro, &\ l é‘)

\ | 0
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2.8.3 Bacteriogm- ‘su N N

S
A \a}*‘r

ria are able to produce other substances, known as bacteriocin-like

0 Sc@nc in antibacterial

h LS
11¥ at 1Q‘C (Torodov & Dicks,
&

se eriocins might be because

lerio.g 1y L}illlya'ad of small peptides without

Lactic ucid
1.S). An example of this type of molecule is reuterin, produced by some
strains of Lactobacillus reuteri during anaerobic fermentation of glycerol (Rodriguez
et al.. 2003: Pancheniak et al., 2006). It is water-soluble, pH dependent and resistant
to proteolytic and lipolytic enzymes. Carnobacterium pscicicola 1.103 isolated from

vacuum packed meat was reported to have the ability to produce a bacteriocin-like
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substance, which caused inhibition of six strains of Listeria monocytogenes isolated
from salmon and from human origin (Schobitz et al., 2003). However, no significant
growth of the pathogen was observed at 4 £ 2° C during 15 days, when con?d to

the salmon inoculated only with L. monocytogenes (Schobitz et al., 200 %\

2.8.4 Applications in food preservation Vt

Bio-preservation systems such as bacteriocinogenic M}d/m their

bacteriocins have received a growing attention, z@lugnt mg ‘s_\ (,OIlUOl

pathogenic and spoilage microorganisms have b os a 19997

Some LABs confirmed antagonism effect 10\@&11

Bacteriocins are normally produced b

perishable raw materials has [ i -eserve the nutritive value of
food and beverages 2006). Despite the
several methods othig atlogd g ¢ employed for the preservation of

food/beverages, %k , YE: Scious public may seek to avoid foods that
have unde lgoAumw )1()&&5111{9 which contain chemical preservatives.
N
o
. quMon of bacteriocins by LAB is advantageous for survival of the producing
bacteria in a competitive ecological niche; therefore, they could be exploited by the
food industry as a tool to control undesirable bacteria in a food-grade and natural
manner, which is likely to be more acceptable to consumers (Deegan et al.. 2000).

Minimally processed refrigerated foods have been gaining consumer acceptaice in the
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last years due to their natural appeal. However, the microbiological safety of these
foods are of concern due to the possible presence of non-proteolytic toxic strains of
Clostridium botulinum, able to grow at 4°C, and the post-processing contymion

with psychrothophic pathogens, such as L. monocytogenes (De Martini@. 2001;

Schobitz et al., 2000). v
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