CHAPTER I

LITERATURE REVIEW
2.1 Lactic acid bacteria
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Lactic acid bacteria (LAB) group of bacteria are Gram-positive, hon ating, cocci or rods,

prefer to grow under anaerobic conditions, but they can also gro e esence of oxygen.

They are protected from oxygen by-products (e.g. H202) beca hey ha X|dases LAB

ferment carbohydrates and produce lactic acid as their majo&@roduc incl ir,g-\ s, which

contribute to the enormous environmental and health bene Khali(i,Z 11 Y_
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LAB are used for the production of fermented milk products Ilke")égghurt and cheese,

fermented vegetables such as sauerkraut, cucu@( es, Mes and fermented fish and
~
meat (Juodeikiene et al., 2012). LAB have an important role in food fermentation and
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preservation against pathogenic mlcroorganlsm This is due to the ability of LAB to produce
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organic acids such as lactic acid and acetic acid and also contribute in texture and flavor
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improvement and maintain the nutritional value of many milk and fermented food products
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(Gemechu, 2015). The main lactic acid bacteria associated with the milk and milk product
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fermentation is presented in Table 1. Fermented milk products contribute to human health
v NV rv

through several mechanisms, “for example Lb. helveticus produce peptide from casein milk
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protein which have beneficial activity for example antihypertensive, immune modulator activity,
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and anticancer property as shown in Table 2 (Gemechu 2015).
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Table 1: The most important LAB associated with milk product fermentation (Gemechu, 2015).

Species! subspecies

Their main uses in different milk products

References

Lactococeus
L. Lactis subsp. Lactis

Lc. lactis subsp. Lactis biovar
diacetylactis

L. Lactis subsp. cremoris

Streptococeus
SC. thermophilus

Lactobacillus

Lb. acidophilus
Lb. delbruecki
Bulgaricus

Lb. delbrueckil subsp. lactis

subsp.

Lb. helveticus
Lb. casei

Lb. plantarum
Lb. rhamnosus

Leuconostoc

Ln. mesenteroides  subsp.
Cremors

Mesophilic starter used for many cheese fypes, butter and butter
milk.

Used in Gouda, Edam, sour cream and lactic butter and butter
milk.

Mesophilic starter used for many cheese types, butter and butter
Milk.

Themophilic starter used for yoqurt and many cheese types'
particularly hard and semihard high-cook cheeses.

Probiotic adjunct culture used in cheese and yogurt.

Themophilic starer for yogurt and many cheese types,
particularty hard and semihard high-cook cheeses.

Used in fermented milks and high-cook cheese.

Themophilic starter for femmented milks and many cheese types
particularly hard and seminard high-cook cheeses

Probiotic milk and cheese ripening adjunct culture
Cheese ripening adjunct culture.

Probiofic adjunct culture used in cheese

Mesophilic culture used for Edam, Gouda, fresh cheese, lactic
butter and sour cream.

Broome ¢ 4. (2003) and
Wouters et al. (2002)

Wood (1997) and Leroy and De
Vst (2004)

Weerkam et al. (1996)

Broome et al. (2003) and
Beresford ef al. (2001)

Briggiler-Marc et al. (2007)
Slatemy et al. (2010)

Broome ¢f al.(2003) and Giraffa
2010

Broome et al. (2003) and
Griffiths and Tellez (2013)

Briggs (2003) and Kongo (2013)
Leroy and De Vuyst (2004)
Coppola et . (2005)

Weerkam et a. (1996) and
Statemy et al. (2010)

Lb. =Lactobacillus; Lc. =Lactococcus; Ln.=Leuconostoc; Sc.=5treptococcus, subsp.= subspecies.
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Table 2: Health benefits of fermented milk (Gemechu, 2015)

Table 2. Health benefits when milk is fermented.

Effect of v—

fermentation Changes in milk Effect on health
No diarrhea and bloating
Improved gut health

Increase in lactic Reduced lactose contentin milk : ; T
acid Prevention of protection from bacterial vaginosis and

. : fungal infections in women
bacteria levels
eI e, of e g Abiliy to digest remaining lactose in the fermented milk

and use as energy source
Easier digestion
Breakdown  to Some with antihypertensive effects
|dentification of casein peptides and whey peptides - ypgﬂ
shorter : ; ; Some with pain relief effects
. . with functional properties s ; .
chain proteins Some with immune enhancing properties

Some with calcium binding bone building properties
Increased acidty ~ Sharpness of taste Prevents harmful bacterial growth in milk

Source: http:/iwhalibdoc.who.intpublications/2003/9241591196.pdf and ftp://itp.fao.ora/docrep/fao/007/y5686e/y5686€00.pdf
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The primary purpose of fermelﬁ% od NB Q‘l‘s’ achieve desirable change in
an aso

sensory characteristic (flavor, aromaTxtur ) @event the growth of pathogenic
microorganism. LAB are divideth gro'u sa gxdz‘ 0 their fermentation pathways. The

heterofermentative group produces organic acid and carbon dioxide as end product, while the
-

1 N p——
homofermentative group produces pr|n0|pally lactic acid from carbohydrate fermentation as
™

shown in Figure 1 (Capllce & Fltzgerald 15599) LAB have a long history of application in
fermented foods by @ of arte&;ﬂlture They caused rapid acidification of the
food during produ |t|0n LAB produces acetic acid, ethanol, aroma

compounds, ba@ms, exopolysaccha:er!s and several enzymes (Parada et al., 2007).
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2.2 Antimicrobial activity and anti-sporulation of LAB

LABs play an important role to inhibit the growth of pathogen and food borne dis@aseswLAB
isolates from cheese had antibacterial effect against Gram positive bacteria St. the_rfnophilus
(Mezaini et al., 2009). Two methods were used to investigate the antimicrobial .-_acfivi‘ty of lactic
acid bacteria against indicator microorganism i.e. spot method and well diffusion assay,
however, the spot method appear greater inhibition zone then the well di_ffus:i.'o'n aésay (Cadirci &
Citak, 2010). LAB showed inhibitory activity against Salmonellaiﬂ 'Typ'h.'imurium, Listeria
monocytogenes, B.cereus and E.coli (Nordin et al, 20@13).\ ':'D'iff_erent LAB (Lb.
plantarum subsp. plantarum, Pediococcus pentosaceus, Ente_roi:obCuS » " mundtii, Weissella
cibaria and Leuconostoc pseudomesenteroides reported inhibitofy'.acti\)ity agéinst _S_almonella
Enterica ATCC 43971, Micrococcus luteus ATCC 4698 and “&. coli ATCC 14775 ('Li et al.,
2015). Ammor et al. (2006) reported that the Lactococé_u‘s_garvi_eae, Vagdcoccus carniphilus,
Enterococcus sp. Lb. sakei, E. faecium showed inhibitbry ac_ti_vi'ty agéinst L. ‘rﬁonocytogenes
and E. coli. Lb. plantarum, Lb. bulgaricus, Lac. lactis iéolated from yoghlj'rt, Lb. delbrueckii
subsp. bulgaricus, Lb. amylophilus, Lac. lactis isolated from fufu, and Leu. mesenteroides, Lb.
plantarum, Lac. lactis isolated from kunu showed ihhibitc.)'ry_aétivi.ty égainst S. aureus, Shigella
spp., Salmonella Typhi and E. coli (Adejufno, 2014). Tropéheva et al. (2014) reported that Lb.
brevis isolated from fermented curd/yogurt-like broduct “katak” showed antifungal activity
against Penicillium claviforme, Aspergillus awamoﬁ__and A._ni.ger. LAB isolate from fermented
guava juice show good inhibitibn ac_:t.i"vity against As gryzée spore germination and mycelia
growth (Muhialdin & Hassan, 2011). ;=o'

Kivanc et al. (2_01’4).‘.sh0wed'_ that LAB_ st'ra'ins isolated from tarhana had inhibitory
against spore germinatidh of tésted fungt A.=-:paré1_si'ticus, P. notatum, P. roqueforti, P. citrinum,
P. griseofulvum, A, f"u._'m'.igatus, p. ch_rys.ogenu‘t‘n,- A oryzae, A. alternate. LAB such as Lb. sakei
KTUO5-6, Pediococous acidilactici KTUOS-7 and P. pentoaceus KTUO5-8, KTUO5-9 and
KTUO05-10 sh'c')we‘d' inhibitory activity against seed germination and seedling diseases
(Suproniene'ét al., 2015). LAB isolated from Lithuanian sourdoughs such as Lb. sakei MI806, P.
pentosa"ceu_s 808, MI809 and MI810, P. acidilactici MI807, were reported able to produce
bacteﬁocin-like inhibitory substance (BLIS) designated as sakacin 806, pediocin 808, 809, 810
and pediocin Ac807. These BLIS remained unaffected after enzymatic treatment with



commercially produced enzymes used in the bread making process namely hemicellulase, lipase,
amyloglucosidase and amylase against the germination and growth of B. subtilis (Narbutaite et
al., 2008). \'d

LAB isolated from nonfat milk Streptococcus lactis, S. thermophilus, Lb? .-_aCirdo‘p.hiIus, and
Lb. bulgaricus showed inhibitory activity against growth of vegetative cells and germination of
endospores of B. cereus. These LABs produced organic acid such as lactic ééi‘d, écetate, formate
and lactate. Spore germination was not affected after 24 h, but was inﬁibited”after 48 and 72 h
incubation of the LAB. Acetate was moreinhibitory to vegetative quI.WhiIe_ formate was more
inhibitory against spore germination (Wong & Chen, 1988). The LAB'céIIs and their neutralized
cell-free supernatant reduce significantly the germination of _fung'al 'sporés (P. ci'trinu_m_, A. niger
and A. flavus) (Adebayo & Aderiye, 2010). LAB do not only'_‘produce Iacti_c‘ and acetic 'acid, but
also some strains of lactic acid bacteria produce other I._ow_ molecular weight compounds with
antifungal activities. One of these is phenyllactic acid '(F_;LA)__that shbwed inhibitory activity
against sporulation fungal A. niger, Cladosporium cl_adosl'p.orioides and P._fdduefort (Svanstrom
etal., 2013). Y C

Klewicka and Libudzisz (2004) repekted that strains of Lb... écidophilus had inhibitory
activity against E. coli, Pseudomonas fluOresCehs, R, aeru'gih:os_a,jS. aureus and vegetative cells
and spores germination of bacterial spores of .B.'myc'oi_d'e's and: _IS_.'s'ubtiIis due to lactic and acetic
acids and hydrogen peroxide, while Iow.:jlevel actumuflation of acetaldehyde and ethanol can play
only a small supporting antiba_c_tefial wole by this'type of'.l;*AB.

Urinary tract infection (L__JTI) is a type of _hu.man diseases cause by antibiotic-resistant
pathogenic bacteria. I_.AB including Lb. acidophilus, Lb. paracasei, Lb. delbrueckii, Lb.
casei, Lb. helveticus, Lb. brevis, Lb. saliva:fius, Lb. fermentum, Lb. rhamnosus, Lb. animalis,
and Lb. plantarum isolated from spoiled fruits and vegetables had antimicrobial activity against
multi-drug-resistant uropathogens, viz. C. élbicans, P. aeruginosa, K. pneumoniae, E. fecalis,
and E. coli (Manzodr et al.,, 2016). Singh et al. (2016) reported that Lb. acidophilus, Lb.
fermentunt, .Lb.'p'lantarum, Lb.casei and Lb. rhamnosus, Lb. acidophilus isolated from raw milk,
buttermi_l'k,'cucumber, pumpkin, curd, cheese, prebiotics infant formulas, tomato, carrot, banana,
cabbagé and apple, respectively showed moderate to strong inhibition against S. aureus and

Aspergillus strains. The maximum zone of inhibition was 28 mm except against E. coli. These
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LAB were resistant to lower concentrations of antibiotics but become susceptible at higher
concentrations. These characteristics have potential to be used as a natural preservative and for
probiotic applications. LAB cab be isolated using four different solid media namel_y,;'H‘J (Hogg
and Jago) media, KT (kiuru and Tybek) media, DO (Dougles) media and MRS':'_(Mah-n Rogosa
and Sharpe) media. Bactriocin produced by LAB with molecular weight (less ﬂfha'n' 14 kDa) as
determine by SDS-PAGE can act against E. coli and Kleibshella sp. (Upendragetsal., 2016). The
antimicrobial activity Lb. casei, Lb. bulgaricus, S. thermophilus and Lbsbulgaricus was highest
in the cell suspension in MRS after 18 hrs incubation, howevergSs thérmophilus with L.
bulgaricus had the highest antibacterial against S. aureus with a-z"oné nnhibition of 10.5+£0.35
mm and for E. coli 40 mm in contrast to the antimicrobial aétivity of d cel free extract against
(Lekha Ravindran, 2016). This could be due to the amounis of acid produced and hydrogen
peroxide in cell suspension in MRS (Gilliland & Speck, 1977) ' '

LAB found in in milk, meat and fermented produc_ts, as_WeII as in fermented vegetables
and beverages inhibiting growth of pathogenic micrdorgadism E. c_oflin,' Pseudomonas sp.
Salmonella Typhimurium, Salmonella Para-typhimurium B, and CIo_sti'diu'm sp.) and, Gram-
positive strains (S. aureus, Streptococcus sp., L. iVarioVii,__ B. rhegdterium ID 07817 and B.
megaterium 1D 07818) due to the product‘ion of lactic énd dthe_r drganic acids is an important
factor for the inhibition of growth of undesired micfoorgahisms (Djadouni & Kihal, 2012). LAB
also produce antimicrobial compounds includi_ng hydrdgen peroxide, CO., diacetyl,

acetaldehyde, D-isomers of amino acids, reuterin and 'bac"_[eriocins (Yang et al, 2012).

Cizeikiene et al. (2013) reported that the preseh.ce' of organic acids and bacteriocins-like
inhibitory substances (B_LIS)‘.indicaté_d that t_hes_e LAB can be used in the food production as
preservative due to t_heif inhibition activity.: LAB producing bacteriocin were isolated from
Burkina Faso fermeriféd milk. Straing df'Lb, ‘.‘f‘e.r‘mentum, Pediococcus spp., Leu. mesenteroides
subsp. meseteroidé_s, énd Lactocodcus .éxhib“;_i.ted antibacterial activity against E. faecalis 103907
CIP, B. cereusi356’9 LMG, S. aureus ATCC 25293 and E. coli 105182 CIP using the agar drop
diffusion t_es't' (Savadogo et al., 2004). Ammor et al. (2006) reported that Vc. carniphilus, Lc.
garvieae LAB isolated from a small-scale facility producing traditional dry sausages had
inhib‘iztory activity against both L. innocua and S. aureus species due to ability of these strain to

produce BLIS. Reis et al. (2012) reported that the LAB produce lactic acid, acetic acid, benzoic



11

acid, propionic acid, hydrogen peroxide, antifungal peptide, formic acid (De Keersmaecker et al.,
2006) organic acids and reuterin (Ganzle et al., 2000). While LAB produced organic acids
(lactic and acetic acid), hydrogen peroxide, ethanol, diacetyl, acetaldehyde, ac oi’a carbon

dioxide, reuterin, reutericyclin and bacteriocins (Suskovi¢ et al., 2010). Savadoﬁgj . (2006)

reported that some strains of LAB produce antifungal compound suc s fatty acids,
phenyllactic acid and bacteriocins. T
2.3 Antimicrobial compound produce by LAB z '

LAB can produces variety of antimicrobial compounds such as [agtic a idwaciqz.ethanol,

formic acid, fatty acids, hydrogen peroxide and bacterioci@dra etal., 16). 0}
4

2.3.1 Organic acid \/ j ’é\
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Suskovié et al. (2010) reported that the organic acids such as lactic and acetic acid produce by
" g NNY PN

LAB have ability to prevent growth of pathqgsrlic n:\icroorggnism \c_j'gu_a this reason the LAB can

be used in food industry as starter cultures and probioﬁc bacteria. LAB can produce low-

- ~/
molecular mass antimicrobial compgund Such rsﬂ%ﬁ@&cmboxylic acid (PCA), also
=

known as pyroglutamic acid cang, 000). | LAB such as Lb. plantarum IMAU 10124,
2 5.
Lactobacillus sp. SK007 and Lb. lactis NCIM 5449 can produce 3-phenyllactic acid (PhLA) by
. e A
fermentation and biotransformation (Strom et al., 2002). Piard an Desmazeaud (1991) reported

4
that LAB produce organig@ Iac\e%fl a@:éf’ormic). Lactococci produce lactic acid,
@

acetic acid, succinic aci ibited the gfowth e}f‘? coli, P. aeruginosa and S. aureus. Lactic
acid was in large S aapdxpy)wy a(;@x‘acid was produced only by Pediococcus sp.
#

(Hladikova et ‘al\ ).  Zalan et(z;b (2010) reported that all strains of LAB Lb.
rhamnosus, Lb. plantarum, Lb. paracasei, Lb. casei and Lb. curvatus, except Lb. plantarum 01
produced Ia(?tic\élcid in skimmed milk, MRS broth and Jerusalem artichoke (JA) medium.
Productiomqic acid was influenced by strains and growth media. The LAB strains

A W
produced acetic acid in MRS broth except Lb. curvatus 2768 and Lb. casei Shirota. Acetic

—
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acid was not detected present in JA broth except for Lb. paracasei SF1 and in skimmed milk
except for Lb. casei 2750, Lb.curvatus 2768, Lb. curvatus 2775 and Lb. casei Shirota.

2.3.2 Hydrogen peroxide A

Hydrogen peroxide produced by LAB inhibits the growth of pathogens (Dawa & Speck, 1968)
in the presence of oxygen (Dalié et al., 2010). Kang et al. (2005) repo at H20> with lactic

acid produced by LAB kill foodborne pathogen such as E. coli 7, S Enteritidis, and L.
monocytogenes. The antimicrobial activity of hydrogen peroxi ttllbut to its strong
oxidizing effect on the bacterial cell and destroy the basic molectilar structu f.c rotein.

The antimicrobial effect of H.O> may result from the 0@@ of sulfh I’gr@p causing

denaturing of a number of enzymes, and from the p oxidation o? embrane Rp'lds thus the

increased membrane permeability, also H20: can ro ce b dal fr éQT'adlcaI such as
superoxide (O2") and hydroxyl (OH") radicals Wreh da a e nu, 2013). Wakil
and Osamwonyi (2012) reported that H20: pr y Lb. pl arunO_b fermentum, Luec.

meseteriodies, Lb. jensenii, Lb. brevis, P. a

. li€henif

ilactici anﬁ*% u]:\s spp. showed inhibition

activity against B. cereus, E. coli. S. a
Proteus spp., Salmonella spp., Serratia\w nd P. s ae. @."acidophilus produces 56.0 to
72.0 pg/mL of this compound in m n ef!cie inhi@t}the growth of S. aureus, while
higher concentrations, e.g. 50.0 and moare, pl roleng the lag phase of Pseudomonas
species (Klewicka & Libudz';&.&(M) rma\qi& tal. gm) reported that lactobacilli inhibit the

growth of bacteria causing bacterlal vag|n05|s y pr@mng H20..

LAB produce hy: gi&jperiqde e {0 @j?absence of catalase in these microorganisms

that causes the ac ion 91‘ y g n @mde (H202) which inhibits bacteria and fungi
(Fadahunsi, 2015\It0 et al. (2003) reported that H.O> accumulated by lactic acid bacteria can
effect in reducing the viable cell count of food-borne pathogens such as Ent. faecalis, Ent.

A

faecium, Yersinia enterocolitica, enterotoxigenic E. coli, S. aureus, L. ivanovii and Aeromonas
L A—

hydrophila. M. plantarum 2142 in MRS broth produced the highest concentration of hydrogen

is, Pé‘_ﬂourescens, P. aeruginosa,

perox 9/107 CFU) cause inhibitory effect against the food spoilage bacteria using the
agar diffusion method (Zalan et al., 2005).
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2.3.3 Bacteriocins

Bacteriocins are proteinaceous antibacterial compounds, both Gram negative and Gr itive
bacteria produce this compound (Savadogo et al., 2006). Bacteriocins play an i p ?‘;Ie in
food application due to ability control of food spoilage and pathogenic Jfood-borne
microorganisms (Musikasang et al., 2012) It gives a benefit in reducrng the usé of chemical
preservatives (Udhayashree et al., 2012). Bacteriocins are rlbosomally-synthe3|zed peptides or
proteins with antimicrobial activity, produced by different groups of bacterla specially LAB

(Gélvez et al., 2007). Bacteriocins are digested by proteases e W the human digestive

system without change in their activity compared with ther ic antihiotics arada et al.,
2007).

Bacteriocins are initially isolated from Gram- negat@erla Ajcoligin !ro‘r}hE coli and
other Gram-negative bacteria produce colicin-like pr inc n ebicihs/of Klebsiella
pneumonia, marcescins of Serratia marcescens;salv cms@t‘o afnl e| cloacins of
Enterobacter cloacae and pyocins of Pseudorx“gd? Due t bial activity for the

ar

bacteriocins of Gram-negative bacteria, they, are e\n\tT ~\ ustry (Gdlliice et al.,
2013) compare to bacteriocins produced by trapo |t;§t ia (._(}’Le eland et al., 2001).
btalm(&’Wlth MRS agar incubated at

High bacteriocin production by Lb ivanovii
30°C after 24 h. The absence of ST nurilent ere @ulred for bacteriocin production
recorded in brain heart mfusron% d M‘.'L a ra(ll:)j\gunr & Kihal, 2012). However, De
Kwaadsteniet et al. (2005) eIucrdated hlghest‘_gct|V|ty of bacteriocin produced by E.
mundtii ST15 was recorded after 14 h of growth in MRS broth at 30°C, while the lowest activity
was recorded in M17 broth and BHI broth {wﬁs%reported that MRS broth is the best medium
for the LAB to pro terloim } nce of undefined compounds in the complex

nitrogen source in S brot Vuyst, 2001). Research carried out by Biswas et
al. (1991) obse hat the production{f}fediocin AcH by P. acidilactici H in large quantities

(final pH, .7). Tryptone-yeast extract-tween (TYT10, TYT11 and TYT30) were designed

can be achie;NTGE broth (Tryptone Glucose Extract broth ) within 16 to 18 h at 30 to 37°C
to maximizemacteriocin production while minimizing the amount of peptides in the medium by
Ent. faecium DPC 1146 (enterocin 1146), Lac. lactis subsp. lactis biovar diacetylactis DPC 3286

(lactocin D) and Lac. lactis subsp. cremoris LMG2130 (lactococcin A) (Parente & Hill, 1992).
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Lactococcus lactis subsp. lactis A164 produced at least 4-fold greater bacteriocin in M17 broth
supplemented with lactose than other carbon sources at 30 °C (Cheigh et al., ZOOMtimal
bacteriocin production was recorded in MRS after 24 h with an initial pH of 6.5, 6.0 and 5.5.
Low levels of bacteriocin activity were recorded in MRS broth with an initial pH‘o?E.O' and 4.5

(Djadouni & Kihal, 2012). -\ I

There are several proposed bacteriocin classifications and divided inR 3 or 4 classes (da
Silva Santos't, 2014).

Q) Lantibiotics or small, heat-stable, Ianthionine-cowz:ngler and two-peptide
repe

bacteriocins (class 1), whose biologically inact i subjected to

extensive post-translational modification. ’ : c§.
(i)  Small, heat-stable, non-lanthionine-containi acterioci ass YI'P_} including
pediocins like or Listeria-active bacterioci ass 'H.@i -peptide
>
(iii)  Bacteriolysins or large, heat-labile, &bteins, 0 urej drolases (class I11).

Iv) Pac mer t require non-proteinaceous

bacteriocins

(class Ilb) and circular bacteriocins (clas

—

Some authors also proposed (cl

moieties (lipid, carbohydrate) f

¥ S
Nisin is the first used for foN duction™in.1931 &%d first received approval by

Food and Drug Administratiw to ‘e u? i@teurized processed cheese in
[

1988 (Karthikeyan & Santosh; : Mgzgrilrlll et gl. (2010) reported that bacteriocin,
-~ g
produced byS. thermophilus T2, was stable at pH range 4 to 8; showed antibacterial

: £ - 1 3 =
effect against Gram positive and Gram negativebacteria. Simova et al. (2009) reported
- v N, (Y

that LAB  strain __Lb. casei ssp.'rhamnPSus (PC5H), Lac. lactis ssp. lactis (BCMD5,
BK15), Lb. pIant;ar%B;lg),: I.})fdell%{geckiissp. bulgaricus (BB18), Ent. Faecium
(MH3) and Lb.‘ @ei ssp. cas'ei (BC_ZZQ( isolated from authentic Bulgarian dairy
products had ability to produce bacEriocin capable to inhibit growth of pathogenic
microorganisn:. ?ctobacillus strain? produced bacteriocin had inhibitory activity
against , I£ sseri, Lb. acidophilus, Gardnerella vaginalis ATCC 14018 and P.
aeroginosa JATCC 10145 (Karaoglu et al.,, 2003). Hashium et al. (2010) reported that
bactriocin™ produce Lb. acidophilus showed inhibitory activity against Gram-positive

and Gram-negative bacteria namely, S. albus (MTCC7407), S. aureus (MTCC7405), P.
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aeruginosa (MTCC4676), B. subtilis (MTCC3053), Str.. pyogenes (MTCC 1926), E.

coli (MTCC1674), and  Micrococcus luteus (MTCC4428). Bacteriocinoge‘n_L LAB

strains may play in the food industry as starter cultures, in sourdough &t& increase

competitiveness), in fermented sausage (anti-listerial effect), and |n‘ cheese (anti-

listerial and anti-clostridial effects) (De Vuyst & Leroy, 2007). - Bactrlocm

producing LAB strain isolated from raw milk had inhibitory acvagainst Gram
€9

positive Staphylococcus, Bacillus and L. monocytogenes and ative bacteria

including P. aeruginosa and E. coli (Daba & Saidi, 2015). rlocm produced by
Lb. plantarum LBPO1 had inhibitory activity against E. ' et al., 2011).
Mohammed and ljah (2013) reported that LAB isolate ara (cheese)
and nono (fermented milk) were identified as Str. ermoph Ius raB-s Lb.
acidophilus, Lb. lactis, P. halophilus, P. cerevisiae, cremo s and b'\bulgancus
showed inhibitory activity against Salmonella spp. Bacrllk %e:/o ability of

these LAB stain to produce antimicrobial compound®suchds baetrioc

' N A

Bacteriocins produce by LAB such as nisin, Enterocin AS-48, Lacticin 3147,
v N &\ 4

Bificin C6165, Plantaricin TF711, Thurincin H can prevent the _outgrowth of spore in

produ ‘a S@H number of bacteriocins

food. Egan et al. (2016) reported %63
that showed activity against spore inatio different bacteria such as Nisin

against A. acidoterrestris, W B.ée\ereus, B. subtilis and C.
beijerinckii; Enterocin AS-48% fs, B. cereus, B. licheniformis,
and G. stearothermophilus; %&erocui A. acidoterrestris, B. cereus, B.
licheniformis and G. s@erm Plan@ucm TF711 against B. cereusand C.
sporogenes. De Carvalho et aI (2007) reported that Bovicin HC5 bactriocin produced

-3
by LAB inhibited and reduced the outgrowth of spores from B. cereus and B.
s - -l &7 3V

thuringiensis isolated from spoiled mango pulp.
4 - %

Vario %cochemical factor?sc%emed to affect bacteriocin production as well as its
activity; maxi activity was noted at pH 5, temperature 40°C and 0.9% NaCl (Karthikeyan &
Santosh, 200 Treatment of bacrtiocin with all the proteolytic enzymes, catalase, dextranase,
phosr&e C, lysozyme, lipase, amylase cause loss of their activity while, mitomycin and UV

light did not affect the activity of bacteriocin (Ogunbanwo et al., 2003). Tome et al. (2009)
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reported that loss of anti-bacterial activity of the bactriocin produce by Lb. curvatus, Lb.
delbrueckii, Lb. fermentum, Ent. faecium, and P. acidilactici due to treatment with trypsin,
protease E, and proteinase K permits peptides degraded in the intestinal tract without@ffecting
the intestinal flora. However, their antimicrobial activities were not completel‘i}vated by

trypsin and pepsin (Batdorj et al., 2006).

Ribeiro et al. (2008) reported that the antimicrobial activity of cell fr&?pernatant (CFS)
was not influenced with 2% NaCl. Some isolates were sensitive to 4% , but three isolates
identified as E. faecalis (L2B21K3, L3B1K3 and L3A21K6) conti uer‘roduce bacteriocins at
10% NacCl, Most of denaturing agents, with the exception of not affect,antimicrobial
activity of bacteriocins. In contrast, treatments with organic solvents r Mea r total
loss of antimicrobial activity for some isolates. The anti ial activi f'th_e\%}pernatant
LAB Lb. paracasei ssp. paracasei, Lac. lactis ssp. lactis, Lb. brevis and Lb. pentosus remain
unaffected after treatment with chloroform against E‘%;i \a mon gpp. However,

increase in the inhibitory activity was observed a@tﬁtm ﬁby ergg{n\t Triton-X 100 and
EDTA (Tenea & Yépez, 2016). \ O

oy
w-v‘%l%j ‘:\%

Lactobacillus reuteri, produced reuterin from glycerol g heterofermentative, a normal
- v

A —9
J;
/)}/

2.3.4. Reuterin

- l )
inhabitant of the human intestine and is a broad-spectrum antimicrobial agent against Gram
" o P M :
positive and Gram negative bacteria (Cleusix et al., 2007; Biane et al.,2011). Liu and Yu (2015)
= N ALY

reported that Reuterin is a compound that contains the monomeric, hydrated monomeric, and
rf o 1 ¢ D"

cyclic dimeric forms of S-Hydroxypropional‘dehyde (3-HPA). Reuterin formed by metabolism
o N

of glycerol and ¢ n&m c‘ol%{direcgusé%f the acrolein formed by dehydration of b-
hydroxypropionaldeh (Rodriguez et aL,}iOOB). Fermentation pathway for the production of

reuterin in Lbéeu n is shown in Figu?g} (Liang & Sung, 2001). The mechanism of action by
0

which reuteri ces oxidative stress in cells, most likely by modifying thiol groups in proteins

and s@ ules (Rodriguez et al., 2003).

Reuterin produce by Lb. reuterni inhibited the growth of three L. monocytogenes starins

(Montiel et al., 2014) and the addition of purified reuterin might be used to improve the safety
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and extend the shelf-life. Reuterin is produced during anaerobic fermentation of glycerol by
Lactobacillus reuteri strain showed inhibitory activity against L. monocytogenes, E. coli, S.

Typhimurium, P. aerogenosa, K. penomoniae and S. aureus (El-Ziney et al., 1999)"\3

O

H H

H-C -C ~C
I ] S
O H OH
H,O H
H H H 2 H H 0O -
[l_ct_l':l_ I_II d.r_-’ ”_C‘_r_l‘ _.C.,‘_ — B -hyvdrovyproponic acid C§~
0 00 O H H + N
H HH H ’
H HH
Glycerol Reuterin H _¢ _(__:. _ ¢ -H
O HO
H H
1.3-proanediol

S &
Figure 2: Fermentation pathway%pro We& in in Lactobacillus reuterin
C) ng &Jun ‘le)b
N (%

Reuterin is active toward enteropathogens, yeasts, fungi, protozoa and viruses, but its
effect on commensal intestinal bacteria is unknown (Cleusix et al., 2007). Lb. reuteri DSM
17938 was successfully incorporated into a fresh cheese with high viability during the storage
period, due to ability of this strain to produce reuterin and act against E. coli 0157:H7 (EHEC)
and S. aureus (Karlsson, 2013). L. reuteri have been reported to produce antibacterial
compounds, bacteriocin and reuterin respectively, against a food-borne pathogen C. jejuni
(Petsuriyawong & Khunajakr, 2010), E. coli and L. moncoocytogenes (Khunajakr et al., 2008).
Some reports mentioned that other LAB can synthesis reuterin such as Lb. brevis and one strain
of Lb. buchneri (Schutz & Radler, 1984), Lb. coryniformis (Nakanishi et al., 2002).
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2.4 Mechanism of the antimicrobial activity of compound produces by LAB

Traditionally, microbial growth inhibition by organic acids was explained by the abil hese
acids to pass across the cell membrane (Van Immerseel et al., 2006). Organic ac@ﬁs‘:actic
and acetic acid produce during sugar fermentation lead to reduction in pH play‘an important role
for the inhibition growth of undesired microorganisms includes pathogenicb%ria and food
born disease, however, low pH makes organic acids lipossoluble, allowing thém to penetrate the
cell membrane and destroy the cytoplasm of pathogens (Parada et al., Zw Dibner and Buttin
(2002) reported that organic acids have an effect on pancreatic an il¥:7etion that is mediated
by their ability to diffuse into cells when in the undissociat@nd then to, dissociate in
response to the higher pH of the cell cytoplasm, due to the passage of ssociated acid

molecules across the cell membrane. Once inside the ce@gher dc@asm will
accumulatigh Of

lead to dissociation of the acid. This will generate a e aQ/&T of the acid

H (Sfiom, 2005), with

together with protons and consequently a decrease of the, in
eventual disruption of pH homeostasis and cellula@i oli aI.,% 1). According to
Figure 3, there are four broad-acting mechaniw act@l cell (Desriac et al.,

2013): é) 0>\Y §

i.  Acid stress disrupts cell regulati\ a general level.

&
ii.  Bacteria spend energy to maintai : bi ihg ou aﬁd
ce Qeﬁ

iii.  Bacteria change their metabolism, to pro ali tabolites.
iv.  Acid stress generates free radieals tha.@ egﬂ‘jellular mechanisms.
:

NN
SR
FU#

N
N
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Acid stress

)3'

“0
WL G 1 exterior
pH=4
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Figure 3: Schematic of main mechanisms by W?‘@&CUC AmL killé bactetia
iy

(Desriac et al., 20
&
\1,?- S

In addition, the LAB can produce antlmlcrobla oun suc S hy‘en peroxide that had
inhibitory activity against undesirable micr |sm7’“n3 I,SQ of H>0> cytotoxicity to
bacteria is not yet clear because they are & strly ur§ Gr osmve and Gram-negative
bacteria in the outer membrane and cell waII (Brudzynskl 2006) Fadahunsi (2015) reported
that the antimicrobial activity of h d?ﬂ'pero |de @\afed to its oxidizing effect on the
cell membrane of the pathogens tro ﬁf_ﬁ e@ protein. The antimicrobial effect
of H20O: is due to oxidation hydry \ps ead naturing of a enzymes, and increased
membrane permeability tha & of m@) rane lipids (H202 may be as a precursor
for the production of bac al free as superoxide (O2 -) and hydroxyl (OH-)

radicals which can d m u 20

The mod of bactriocin ho\/?er is by different mechanisms such as inhibiting
cell wall synt ~s§armeablllzmg the mﬁaet cell membrane, or by obstruction RNase or DNase
activity (C‘I% et al., 2001), alteration of enzymatic activity, inhibition of spore germination
and ina f anionic carriers through the formation of selective and non-selective pores
(Para& 2007). LAB bacteriocins create pore on the target cell membrane that cause

destruction of cytoplasm (Jack et al., 1995).



20

2.5 Bacillus spp.

Bacillus species are Gram-positive, facultative anaerobic, endospore-forming (Anpi
2015), have the ability to produce endospores that allow Bacillus to resi sirable
environment that occurring in food processing (Baruzzi et al., 2011). Bacillus gp. as

cause a human infection such as superficial wound or skin infection, closed space ffections such

ability to

as endophthalmities, severe systemic disease such as pneumonia (Weber et al., 1989). Bacillus
spp. are associated with environmental reservoirs such as contaminatw filtration systems,
ventilator equipment, dressings, gloves, hands of healthy staff, i rms catheters, alcohol-
based handwash solutions, specimen collection tubes, b cultur edia and linens
(Ozkocaman et al., 2006). Q\J

L \Y—
Bacillus cereus isolated from soil and growing pl easyly pread to @d and cause
an emetic or a diarrhoeal related type of food- assomate S. re three‘too(lns that have

been implicated of the diarrhoeal disease cytot s em ysi L (@7 nonhaemolytic
enterotoxin (Nhe) and cytotoxin K (Arnesen e% 8). Ste taICSQOZ) reported that B.
thre [

cereus produces one emetic toxin and at lea sociated with the diarrhoeal

en NQT
type of food poisoning. The food pmsomafca;}ed ty%r us dﬁ)ﬁue to the ingesting heat-

)

stable enterotoxins (Schneider et al Bacillus ef‘euz@%fers different condition for
- \MCT, ature range for growth at 4 to

growth, three L- amino acids (threo
55°C, minimum water acthg?for grawth slo@ nd the pH range is 4.3 - 9.3

(Jaaskelinen, 2008). \" (_/

Bacillus strains in bh@solat@m wheat flour samples had ability to
produce rope in baked ibar ther study reported that B. subtilis was the
most abundant speci th te n whc&e/meal breads (Erem et al., 2009). B. subtilis
consists of three sw s, whi qfude illus subtilis subsp. subtilis, subsp. spizizenii and

subsp. inaquos (Alina et al., 2015ghe critical B. subtilis subsp. spizizenii ATCC 6633

levels cause;?p'@ess in baked bread, by decomposing proteins and carbohydrates of bread

crumb, e bread pulp into a sticky, slimy, and foul smelling mass. This cause unpleasant
sweety, mustyr smell of rotting pineapples (Vaiciulyté-funk et al., 2015). Optimum growth

temperature for B. subtilis is 30-37 °C, with a minimum temperature of 18 °C and a maximum of
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43 °C (Cook, 1996), and the pH range from between 6.5 to 7 (Younis et al., 2010), water
activity (measure of available water) greater than 0.94 (Gibbs & Gekas, 1998).

X
K\

The Bacillus spp. can form spores when exposed to harsh conditions; these spore are formed
within the mother cell (Setlow, 2014). The process of spore formationw sporulation cycle

Is?in stage 0 undergo cell

ch layer s.an{énportant

2.5.1 Spore germination of Bacillus spp.

(Figure 4) is divided into seven different stages. The vegetative

division to form a small forespore which develops into the sp

2014). Bacillus spp. spore consist of multilayer structure in whic
role in protecting the spore against adverse conditions give bacteria abi itf @rvive for

millions of years (Nguyen Thi Minh et al., 2010). Spores Gensist of
5,200 ). ET

d heniformis (Brown,

cortex, outer membrane, coat and exosporium (Figure 5) (de Vri

Food poisoning spore-formers include By.C , B.su
2000). Contamination with spore causes serious fo6d poisoni

d_'{ Is very difficult to Kill
them in the food products because of their signifi ntﬂ r Ya@j&aki etal., 1997), Bacillus

species produce endospores resist heat, ion, and chemical t@'ments. The external layer of

the spores produced by Bacillus species 1s called anexosp “}m composed of a number of
different proteins such as glyc rotelz that play nha@e in the spore’s attachment to
surfaces (Soni et al., 2016). \ ) \o' ‘-C/Q
c\& N S
/ ’ ?

AN
:’w “)\f\
S
N)
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Figure 4: The sporulation cycle of @ore for ?I’I Qungton 2003)
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Figure 5: S@ representation of the internal structure of a bacterial spore (Pandey, 2014)
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Silva et al. (2013) reported that spores inactivation can be achieved by combined
hydrostatic pressure and heat treatments, used pressure (300-500 MPa), temperature (30-50°C),
and pressure-holding time (10-30 min). Chemical disinfectants like calcium hypachlarite, free

available chlorine, hydrogen peroxide inactivate B. cereus. Peracetic acid, cupgie, ascorbate,
sodium hypochlorite can also inactivate B. subtilis spores (Sagripanti & ifacino, 1996).
Smelt (1998) reported that the bacterial spore inactivation can be achieve sing Ultrahigh

Pressure (UHP) up >1000 MPA, however, bacterial spore be stimulated”to germinate by
pressures of 50£300 MPa. DNA of Bacillus spp. spore damage by using some chemicals (e.g.

nitrous acid, formaldehyde). Setlow (2006) and other research showed that ngh hydrostatic

pressure HHP (~650 MPa and 50°C) comblnatlon antm o s compound
(lactoperoxidase or lysozyme and nisin ) holds potential mlsvate B CI||U srore‘) arker et
al., 2015). ‘T

Chemical disinfectants like calcium hypochlor able 'RS'hne hydrogen
peroxide inactivate B. cereus spores. Peracetic a@%@f i , SO hypochlorite can
also inactivate B. subtilis spores (Sagripanti N facino, 1 . @terlal spores can be

removed by using filters with pore size ratlrﬁﬁ? 451 gac rial control in the soft drink
manufacturing process, improves soft dri it
heat degradation (Sakuraoka & Madse N

1).
i
using some chemicals for example, nitrous acid, formaldehyde (Setlow 2006).

N,
2.5.2 Food spoilage by B Lﬁﬁb\;pp. Q '*Q%

r h o
Food spoilage is a complex reactlon or ns'orb(?ange (tactile, visual, olfactory or flavour) of

foods due to |nse2%'ge hysi n@e indigenous enzyme activity or by microbial
infections (Gram et al., 2002; Rawat, 2015) Microbial spoilage is caused by enzymes most of

0

\
yQ\ntho;;t xpo the flavor components to
BNA of BaC|IIus spp. spore are damaged by

which are |nt r and some are ekt?cellular (amylases, proteases and lipases) (Das et al.,

2014). ?
a

\acnlus cereus and B. subtilis are common food spoilage, found in different types of raw
1
food such as rice, meat, vegetables, raw milk, dairy products as well as cooked dishes, and cause

food born disease emetic and diarrheal syndromes (Organji et al., 2015; Wogu & Ofuase, 2014).
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Gopal et al. (2015) reported that species other than B. cereus and B. subtilis have confirmed the
production of heat-labile toxins including B. circulans, B. lentus, B. licheniformis, B. pumilus, B.
amyloliquefaciens, B. licheniformis , B. pumilus, B. myloliquefaciens, B. moja:gr-v:i.s,', B.
simplex, B. firmus, B. megaterium, B. circulans and B. lentus. (,) 4

Bacillus spp. and Clostridium spp. are sporeforming bacteria that are preseh in foods are
important due to the ability of the spore to resist heat, freezing, chemicalsi{and other adverse
environments during processing and preparation of food (Cousin & Layf e, 1989), Spores of

Bacillus genus are prevalent in soil and the gut of insects and animals , as a result, so it’s easy to

™Yy |
be found in all kinds of food, cause food borne illness after consumption, however this spore can
~ N

protect themselves against undesirable condition by phenotypic variability (Stecchini et al.,
2013). Rodriguez-Lozano et al. (2010) reported that B@%, B. licheni odm_i%‘ subtilis,
and B. megaterium associated with spoilage of food products at low 329, however, ‘§6me Bacillus
spp. have the ability to increase pH that allow the g&ﬁaﬁ \\ohany fé\ﬁtﬁlinum spores

present in the product . C}/ 0\ &

Beside C. botulinum. B. cereus one %ﬂ ami C eg%s problems of public
health present in canned with heat resistaﬂg&& tﬂaﬁ C. b'lsmlinum (Bradshaw et al.,
1975). Margosch et al., (2004) Reported that C. botulinum TMW 2.357 exhibited a greater

U -7 YV
resistance to pressure and temperature than Bacillus spp. spores (B. cereus, B. subtilis, B.
7V I 9
licheniformis, B. smithii, B. amyloliquefaciens), except B. amyloliquefaciens.

I vy
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