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Research Title: Survival of Pediococcus pentosaceus in Model Solution and Vegetable juices
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ABSTRACT

The objective of this work was to study the survival of Pediococcus pentosaceus PC 73-3 in model
solutions and develop a mathematical model describing its dependence on pH, organic acid and phenolic
compound. A Central Composite Design (CCD) was developed studying each of the three factors at five
levels within the following ranges, i.e., pH (3.0-7.0), organic acid (0-5 g/L), and phenolic compound
(50-150 mg/L). In total, 17 experimental runs were carried out. The initial cell concentration in the model
solutions was approximately 1x 10° CFU/mL; the solutions were stored at 4 °C for 6 weeks. Analysis of
variance (ANOVA) of the stepwise regression showed that a second order polynomial model fits well
the data. The results demonstrated that high pH and organic acid concentration enhanced cell survival;
on the other hand, phenolic compound did not. Cell survival during storage was also investigated in
various types of vegetable juices, including gac fruit, beetroot, tomato, murdannia, carrot, bamboo grass
and centella juice. The model predicted well the cell survival in almost vegetable juices. High rate of cell
survival was observed after 6 weeks of storage in beetroot, tomato, murdannia, carrot, bamboo grass and
centella juice, all of which had a pH of around 6.0. The lowest pH was found in gac fruit juice (pH~3.25)
which the cell survival decrease lower than 10° CFU/mL after 3 weeks of storage. In the case of tomato
juice, the cell concentration decreased approximately 0.84 logs after 6 weeks of storage, even though it
had the low pH (pH~4.10). The reason might come from other compounds that can protect the cells

during storage; these were likely to be proteins and dietary fiber.

Keywords : survival, vegetable juices, mathematical model
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Lactobacillus species

Bifidobacterium species

Others

L. acidophilus B. adolescentis Bacillus cereus

L. amylovorus B. anonalis Clostridium botyricum
L. brevis B. breve Enterococcus faecalis
L. casei B. bifidum Enterococcus faecium
L. casei sp.rhamnosus B. infantis Escherichia coli

L. crispatus B. lactis Lactococcuslactis

L. delbrueckii sp.bulgaricus B. longum Sp.Cremoriss

L. fermentum
L. gasseri

L. helveticus
L. johnsonii

L. lactis

L. paracasei

L. plantarum

Lactococcuslactis sp.lactis
Leuconostocmesenteroidessp.
dextranicum

Pediococcus acidilactis
Propionibacteriumfreuden-
recchii

Saccharomyces boulardii

L. reuteri Streptococcus salvarius

sp.thermophilus

11: Prado et al. (2008)
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(Vasiljevic et al , 2007) Wn2980u 9 e uiled18aiv 20% B-nguan aunsadleaduL.
i g o 3 &
Rhamnosus 52 INManusnu1 lutiwei)iila (Saarela et al. 2006b)
2.5.4 gUNiLazIA
o A ow o - g} o ] A g Y o L]
mstnurRanduuunszneudn ns TuTedn wuladauazuuminludifuaie
tindnen myoa Tws luTedn (Krasaekoopt et al. 2003) Tneia llguugiidanoiuanusgseaves

a o ¥ yd a2 o B aa ~ < a
IW‘STUI’GG]‘F] ﬂﬂﬂﬂ@tﬂ“ﬂﬁﬂﬂﬁi%@iﬂﬁ{]ﬂﬂ 4 mmwacﬁﬂmﬂuqmwqummzauqﬂ (Saarela et al.
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=Y

= g Qs ¥
2006a Champagneet al. 2008) Tuamnndenfilunsa sasimsunsvensaaslumsad lugavgi
g9 (%1 25 ° ©) 92159011 T gl (18U 4 ° C) (Salminen & Wright, 1998)
2.5.5. SEAUBBATIAY
= o ¥ J 1 = =1 ¥ [ =
msfnesunn lduaasliiiug eenduuiinademsegieavesins luTodn
T 1l moufvesiflTauuafiGe Tanuldesondinumnniuan InunSads (Talwalkar &
Kallasapathy, 2003 Burgain et al. 2011) Champagne et al. (2008) LeaInaI198nFau Jilkaniy a3
1 . ?,’ 2 o w 1 oy g L]
8Y30AVBY L. rhamnosus RO011 Turhuelidla Tuaazhdiluidlauae uazidlaviandoue
=Y == I ) =Y L] W % ¥ =Y r-s' [V 4 Ay o
U TauunnGe lildesndiou oo lsinwarnu haseonduunldounlasmmeeiuguazailyd
(Biavatiet al., 2000) 99039y lugunsoviaNudenisi uasaled1ed Juuumusasy oondu
¥ a io’ @ o 1 [ (Y] aan % %
vndwanauthui fah hilgmsredivedgse sawdimaguleseen lud loseueayya (0,

3 i o v 4 as i gm [~ o ¥ o
=), leasonoyya (OH), uazlalasvmileseen lud (1,0, Maaunariiianiuiydevad
(Miyoshi, et al., 2003)

2.5.6 FHAYDINIBULUIT]

o & a3 w SAAaa | a T ' o @ w

Myuziezussnunituienianinadennuegsenveusaa n lilseay
= ' S o o A A {
pONFAU UM PULIEHINMINUT I HINITANFANBVENABINTAI8UDUXAE (Cruz et al,, 2007)
=5 1 o ad 9 a

Dave and Shah (1997) fnwImMssysoaussnuanselulanialundamyuznaiadnanu

1 L al 3 g ‘O - ¥ s = 1
HUWMUNgS 35 U sTAUveseendnuazatni lamini luudawinndluyssysasinaradn o
Tvddny vazdlumaldisadogson ldgendn Jayamanne and Adams (2004) WUBifidobacterium

Y o a a = & g
aenug meekiri Tunuanowinseadngaluviauds awdrowarafn taznisuzndenu edy
10 20 osenwadoa Hunawinai 4 u maeavdndmiusiuuvsass lundeduioms

nsznevoeanFaulumsurIsy

o e c:i @
2.6 IBNNTD
= a a @y Y]
Nualkackul et al., 2011a,b #NHIN1TTEAFIAVDIQAUNT INeTRId BN UT Iua15aza 8
o et o e 3 Y o va o Y ¢ o A o Ao
duasgvivii@eunuuva b Taenosnuludiduiuszezinm 6 o dadendadening
1 ¥ 4 1 < 1 a a o = 9
ABN1T0EIDA A AINNNTUNTA-ANE NIAEAIN nsaueanailn Tusdu nazdulee s 14Tuea
a ' @ o P 3| = o '
maadiamaaiingaslumsdau e Tyhannudunse-sdivanedmaniunsed
4 = aoa =) 9 =) g} 1 1 da
seavausad Iuvaziinsadasn Tilsdu nazduloomsiinaluduuin uaniinsaueanasiin
Tt =y o ~ = L g
lifinala q TuwaneadesnaasawisaldinnemsseaiinvesyaunsdIns luTedn lushdu
¥ < 4 7 o 9 3 oA LN =] w g o o o -4
wmaanesun tazihduilszse lailueded sdelstmuiudumardmsumsvhuelnieas
= % . I o oa & s o ' < =
p1ue5 Huaswues uazdniuny Fmaininaiuravesminnuiluasa uazasdszneud

iy ] =t = = g t w :{
uoaniiifsuugs 1imsnenunssendiavesng luTeAnluthuiianie agidmsed 2.2
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o Y @

A9 2.2 01u3%ﬂﬁlﬁ gIUVBINUNIITIDA

FInvoaIns luTednlurhfianie

vamuaziernia(lavaa

uen)

luvazfdlavia 117 °C Msiidinaa
aa g o
20-40%. P135BATFINVBINSINUT 4

P o & 4 ] '
C AnMMSALN 7°C 11y 2 141

MU wiavesh pH dolumsifuTam MITOAYIN 91984

B. animalis subsp. lactis 2010 Bb-12) | 11dw e du i | 3.7 (fufl 4and 20 °C w0041 6 | A 20 °C n1358AFIn0A04 log | Saarcla et al
@nTe dlani CFU/mL 910 7.5-8.4 log CFU/mL (2006a)

L. rhammosus E-97800 uolitfa 13 {@0at flour 111 20% P-glucan | 1A 4°C And1f 20°C Tiwun1s | Saarela et al

ifu 12 dala1id 4 °C taz 20 °C | 1Inilosan oat flour (2006b)

L salivaris UCCNS, L. salivarius | du OT~3.65, | 11 12 Filanifi 4 °C (adiaudy 10° log CFUAML M350@ | Shechan et  al.

UCC500, B. lactis Bb-12, L. casei DN-114 | ihdalzse P} ~ 3.40, F3au1nnd1 10" CFU mL Tuthdy | 2007)

001, L. rhamnosus GG and L. paracasei ﬁumsmua?% CI~2.50 ikﬁﬁi,:zf&ﬂ'i'! 10° CFU/mL ‘1N1§1ﬁl}ﬂg

NFBC43338 sanaamIA 12 §lant

L. rhamnosus, B. longum, L. salivarius, L. 'lf’lf?l"ﬂi ﬁﬁiﬂﬂlﬁﬁ ~2.8 15‘]J 6 ﬁlﬂﬂ‘l?{ﬁ 4°C u[?iﬂﬁﬂﬁiﬂﬂ%aﬂ‘ﬂﬁlﬂﬁ’ﬂﬂ1ﬁ“ﬁ 5 Ding and Shah

plantarum, L. acidophilus, L. paracasei, B. (2008)

lactis type Bi-04 and B. lactis type Bi-07

L. acidophilus 1LB2, LB3 and LB45, L. | hdlzsa e | 42 11 80 FUR 4 °C d&u’lwigwnmamﬂ%%ﬁqq MA4 | Champagne and

brevis LB6, L. rhamnosus LB11 and LB24, | | ’ﬁ ‘»?"I?ifﬂj ﬁmﬂl.m‘i A151A1 80 T Gardner (2008)

L.fermentum LB32, L. plantarum 1.B42 and 1}’1 B \j U 13”1 s

L. reuteri LB38. mfnamau

L. rhamnosus RO011 vifuueuidla ung | 3.6-3.9 Wy 6 dlarii 2 uaz 7°C [ vani 1 14iTe n3iiE3ann 75% | Champagne et al.
AT muldaanelifiownan @ad | wde s ddariveanisidui 7°C | 008
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Unn3

A utumMIdY

3.1 MIAI 8N Pediococcus pentosaceus

Pediococcus pentosaceus PC 73-3 (1o Ianainiarvey Tae a.as.auysel susiaand uay

P4 ==

3
18imanagou IL-12 udmuniisgada 106229 pg/mL) M lddmsumsnaaesil dnsify

it =% S

W o aa T =
$nwnly 2 Jaaans-cryovials NINTwaTU 20 % NGUALT -80 DIrvaEyd LS veuyad

h.

1

& a = g o a
Tagiagalue11s MRS broth Uuiigangil 30 ssrmuwademilunm 16 ¥ lusluaarziionnea

v 8t .. 3 & .t

] 4 = Y =
E"ifﬁﬁl,ﬂ‘l_liﬂ{lﬂ'Ii‘ﬂu&ﬁ'm\‘mﬁﬁj“if PBS &19 mmwmmmmaaagw 10

“CFU noliaaans
3.2 URUMINADBIULY Central Composite Design (CCD)
UHUNIINARB LY Central Composite Design (CCD) 1agfnunifads 3 wiia siinas 5
[ = x:!‘
FEAU AD (TN 1.1)
= ¥
3.2.1 maANudunsang (pH) 3399041164 3-7
o 1 =
3.2.2 051NunIa (NFAFAIN+NIANIEN) TR 0-5 NTUADAAS

¢
3.2.3 A15szneuduean (Gallic acid) ¥IIAILLA 50-150 UARANITUADANT

A19197 3.1 MILUITEALVBITITOA 9

2y -1.68 -1 0 +1 +1.68
pH 3 3.81 5 6.19 7
USuunsa 0 1.01 2.5 3.99 5
mssznouduean 50 70.24 100 129.76 150

& 2 o P
1431 17 Faneaes AT sazBeanIua1s 19N 1.2

i3



A15197 3.2 Faneassdmsunisnaasy lunyusiaesifin

Citric + Phenolie Citric + malic Phenolic
Solution pH malic Compound | pH acid Compound
acid (g/L) (mg/L)
1 -1 -1 -1 3.81 1.01 70.24
2 1 =] -1 6.19 1.01 70.24
3 -1 1 +1 3.81 3.99 70.24
4 1 1 = 6.19 3.99 70.24
5 -1 -1 1 3.81 1.01 129.76
6 1 7l 1 6.19 1.01 129.76
7 -1 1 1 3.81 3.99 129.76
8 1 1 1 6.19 3.99 129.76
9 0 0 -1.68 5 6 50
10 0 0 +1.68 5 23 150
11 - 1.68 0 0 3 25 100
12 +1.68 0 0 74 2% 100
13 0 - 1.68 0 5 0 100
14 0 +1.68 0 5 5 100
15 0 0 0 3 2.5 100
16 0 0 0 5 245 100
17 0 0 0 5 2.5 100

w oA A o < . . a a
Gl%’mmwaimi ¥¥U (Multiple regression) UATIEH

Y=BQ+BIX1+BZXZ+BEXS+BE 1X12+B22X22+ B33X31+812X|X2+813X1X3+B23X2X3
My f P Ve 108N cas Bo’ Bv st BJ,..., st fo regression coefficients, Loy X, X,, X,, fo

¥ o3 1 ~oA =S 1 = =
MANUIUNTA-AN ATATATN+NTANNEN tazAa1sUszneuusdn
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3.3, MIES BuEIsazAEs 188 N
g TasnanhnagTasaldldanududy 2 % uazsumanuiiunsa-aeos
asazawlasld 1 M HCI ag NaOH 15inansadasn uaznsauan duausulusnsidiu 1:1
wazldnsaudnld B mumuditimualuasied 11 ndmmiuldflaneianeslss va
0.22 pm uazldiFead ¥ amidutuiudy 10° CFUAmL fusnu 13 ueamg sz 4

= = 2 w ' o ¢ A w ) aAa
DI DLBT 3Jﬂ'l‘5Qﬂﬂﬁ?ﬂﬂ‘]@nﬂﬁﬂﬂ’]‘ﬂﬂﬁ)?ﬂ pH Elﬁ$ﬂllﬂﬁiuﬂﬂ1§§ﬂﬂ°ﬂ3@]

3.4 MIANKINTTOATIN

1935 Spread plate TasAudpgnannduaiaunszw s dUa1y Smsviseaalasls PRS
pread p )

=

s =t ] \ =t Q. s g‘l
uagiMmsmilsauu MRS agar 3 61 UMsUMWanNeMall 30 s9rwaiea 3 Tu nae9 AU

q

SRENRAVSITAGS!

3.5 MIVATIZHAMATWNILAL
Wnahaienmun taz19in%eq HPLC (Nualkaekul ef al.,, 2011a) MuSunaiiianasy
139 19 Folin-Ciocalteu assay (Lukanin et al., 2003) Tagiing ﬂumf‘imiﬁ’lﬁ neu uazl¥ 0.5
fasansveniwniilaugannaur 0.5 fia803v84 Folin-Ciocalteu reagent LASA1IRLAY 20%
Na,CO, (30019 Taethindu Wl so faddns aeineld 30 wiifigungiives 1dinsosmala T

a @ A o =t o o’ = a
Sdmﬂi'lﬂ?l 630 nm HINANGUMHIUDNUAITAEININTFIUN AN LDEA

aa g 2
3.6 NM559AFIN TUIHD

L 3 A

Y Y~ A o w a - o ¥ v 4 % 1
1ﬂ'llﬂ.|§cﬁﬂu']fﬂlﬂ 7 H¥UR (mﬁﬂ"l}’]’a HIUNIN Wy amne u’lﬂ'ﬁy’rﬂﬂﬂﬁ HILRTBN u’lﬂlﬂJ

a4

'
a o o o

! y @ P N, I a =t
81U uﬂ‘umun) i]’]ﬂ“}jﬂiﬂﬂ‘iu'lﬁi.ﬂﬂ‘l’i’f)ﬁﬂu HINIMTINTIT N0 li%ﬂﬂﬁ!ﬁgu T2 DU DL

1

a = ° [ n:&’ =t = 4
30 T newims laead ll1¥andanududuiSuduilszura 10° CFU/mL finmsidudauls

=Y, v

< a o = a « @ o w 1 =
Tudiangamgil 4 esmuwaied 6 ilad TnsRudeeeinngimaddamidmsumanusiu

Asaf1 oerlszneumanifn)deuly wazmsseatia nsnaass 3 5h

3.7 MIUATIHHANADR

o @ ° 1 v ' o 3
T lsunsudiGagusinnm uazlns 19 test TumsnSoudouszniagsendadilania

Y

Wodauneana

o

0 wazdlenin 6 $191 P-value #1071 0.05 HUWAIWIUANAIIDE14T]

15



=
Unn 4

a e
Han13 e

4
4.1 ﬂ’li‘iﬁ]ﬂ%i@ﬁ]@ﬁl“ﬁﬁ?ﬁulmﬂ DRGLAIIRTT

1 S o ° ¥ o 1
ﬂ')?ﬂJL%ﬁJ%ﬂﬂ]ﬂﬂ P. pentosaceus ‘i&”l"l’?l"lﬂﬂ']iLﬂ‘]J'iﬂ‘H’]sluLL‘U‘]JLEU“]J"I]TQENH']Nﬂ ANUUANH N
T s A @ o 4

994 log TusgnIndUanid o uazda1wi 6 [logl ON,week—log1 0N week] uaaalua1sehi 4.1 lu

o [ ?; o 4 1 [ a 8 w
il'luﬂu'ﬁ"l'i@$a'Ifﬁﬂﬁi’]ﬁ!ﬁf]lﬁ’lﬂ"riﬂﬂ fl]’]i!’.lusllf‘]\'il,clifiaﬂﬂﬁﬂﬂﬂ"lﬁ%’"l A HAd 2 9IVNRYUDINTITINUTNR
1 S =1 Py 1 I 1 5 o =4
Tﬂﬂlﬂw1$ﬂﬂ1ﬁﬂﬂcluﬂﬁmsll@xif‘l"liﬂ$ﬂ18ﬂﬁﬂ1ﬂ')1hlﬂuﬂiﬂ-ﬂN@'I'I mmummﬁ’n%’umaamaﬁﬂ

T A @ o W Aana Y] P ] @ 1 o T
AANBDYNUHITIAUNNTDA (P<0.05) Gluﬁ"ﬂﬂ’?‘ﬁ“ﬂ SUAE 6 Elfl’]\iulﬁﬂﬂﬁ'fluiﬂﬂ]uL‘*]fﬁﬁfﬂlﬂiﬂ@E_J'if)ﬂ

s o 1 o = P 0. =i 2 i
Tduaglitaumnni 107 CFUmL $1uaumsseasinveusaandiga gnwuludananesdi 11

2 A < oo oA ' L) a ad A ' 1y

GHQ?JﬂTﬂ'NiILTJHﬂ?ﬂ-ﬂNGﬂWQ’ﬁ (pH =3) A1ANUAUTIHVDINTADUNT & ML“N@H%%‘H?HﬁHUﬁHuﬂ’]i

v o < A |
agseaveuwad acaudin Idninnaludanaaned 4, 8 uaz 14

o a 4
4.2, ﬂTiW@JUWiMLﬁaﬂTﬁﬂmﬂﬁ"ﬁﬁﬂi

a o

MIIUATIZH ANOVA 111 stepwise regression To5 second order polynomial model HaRANU
doya R’ voeTupauiiy 84.1% namsnaaeu wud snandunsa-ae uas nsasunse ina
eduihivdrgiuTunamssenidn luvusiissliznoviluean hifina

The polynomial mathematic model that was used to estimate the log difference,
[log10N week—loglON, week], was:
[10216Npuee 10810, e )= 34.3 - 10.5 [pH] - 3:62 [Acid] +0.052 [Phenolic] + 0.894 [pH] > +

0.538 [Acid] * - 0.000187 [Phenolic]’ + 0.076 [pH] [Acid] -0.0030 [pH] [Phenolic] - 0.0014 [Acid]
[Phenolic]

[log10Ngweel—log1 0Ng week]

AR A

4 Y A 1 1< T a = o
ﬂ1Wﬁ 4.1 ﬁuﬂ'fl‘!’l@ﬂﬁu@Qwﬂﬂlﬂﬂﬂ’]ﬂﬂ’lﬂlﬂuﬂﬁﬂ-ﬂ'ﬁ LAagNIAvUNIY “HQ?JNﬁﬂ"Ii?E!ﬂ%’Jﬁ“U'F]QL"D’ﬂﬁ

[log1ON week—log10N, week]
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L ¥ B el

Ll

H = © ?,’ a =2 o w
M3190 4.1 HANTIBABIAVEY P. pentosaceus MUUUTIa0 0 HNABBADIGMIINUSIET 6 FUAMH (logl0 CFU/mL)

Survival in each week [0g,6Npweer 10810V ot weekc)
Solution
0 1 2 3 4 5 6 1 2 3 4 5 6
1 8.66+0,05 7.9240.22 5.32+0,13 4.66+0.22 3.84+0.06 3.33x0.08 3.2540.02 0.74 | 334 |[4.00 |482 |533 |54l
2 8.48+0.09 8.44+0.07 8.45+0.11 8.23+0.08 8.20+0.01 7.59+0.12 7.48+0.10 0.04 0.03 0.25 0.28 0.89 1.00
3 8.64+0.08 7.70+£0.17 6.04:0.06 5.07+0.11 4.97+0.03 3.87+0.15 3.8840.06 0.93 |2.59 |[3.57 |3.67 |477 | 476
4 8.51+0.06 8.46+0.03 8.39+0.02 8.38+0.03 8.23+0.05 7.93+0.07 6.89+0.05 006 |012 (013 |028 | 058 1.62
5 8.56+0.08 7.86+0.03 5.25+0.15 3.83+0.01 4,02+0.02 3.37+0.10 3.48+0.02 070 | 332 474 |454 |520 | 508
6 8.48+0.11 8.44+0.09 8.17+0.09 8.25+0.04 8.11+0.04 7.88+0.02 7.50+0.02 0.04 | 0.31 022 | 036 |0.60 |097
7 8.50+0.12 7.6440.28 5.79+£0.15 5.35+0.08 4.59£0.01 3.83:£0.13 3.58+0.05 0.8 | 270 |3.14 391 4.66 | 492
8 8.57+0.08 8.51+0,13 8.4540.06 8.3210.02 8.20::0.06 8.1740.02 7.9540.05 006 012 025 (037 039 |0.62
9 8.57+0.07 8.54+0.01 8.33:+£0.11 8.34+0.01 8.14=0.06 7.94+0,03 7.67+0.02 002 1024 1023 (042 |0.63 | 089
10 8.65+0.04 8.45+0.03 8.54:+0.08 8.34+0.08 8.02+0.05 7.98:+).09 7.89+0.06 020 | 0.11 031 063 |0.66 |0.75
11 8.16+0.14 4.64+0.19 0 0 0] 0 0 3.52 8.16 8.16 8.16 | 8.16 | 8.l6
12 8.56+0.04 8.49+0.02 8.41+0.09 8.28+0.02 7.74+0.13 8.23+0.06 6.98+0.03 0.06 |0.15 |027 |0.82 0.32 1.57
13 8.66+0.17 6.28:+0.30 4,234+0.07 2.83+0.13 0 0 0 238 | 444 |[583 [ 866 |8.66 |8.66
14 8.50+0.16 8.50:£0.05 8.29+0.07 8.31+0.03 8.28+0.05 8.15+0,03 7.86+0.08 0.00 0.21 0.19 0.22 0.35 0.64
15 8.77+0.08 8.61+0.08 8.37+0.13 8.45+0.06 8.21+0,05 7.92+0.10 7.69+0.02 0,15 1039 1032 056 |0.84 1.08
16 8.59+0.03 8.56+0.02 8.37+0.05 8.29+0.10 8.19+0.04 7.93:+0.03 7.59+0.12 0.03 0.22 029 | 040 |0.66 1.00
17 8.57+0.06 8.554+0.03 8.50+0.11 8.30+0.08 8.00+0.01 8.0540.01 7.83+0.06 0.02 0.06 027 | 050 [0.52 |[0.73

1ISSUULBLEUTNB&.‘SSM bLeuBItRLKrUnLp



[ i P 4 a 4
ﬂTﬁ]Qﬁ 4.2 ﬁ?u1;3gﬂ@lﬁi@ﬂ'ﬂ'ﬁagﬁ’]Eﬁi’]@ﬂ\nﬁ@1%ﬂﬂﬁﬂﬂﬁwﬂ15“15ﬂmﬂﬁ1ﬁﬂi

Solution pH Organic acid Phenolic Compound
1 3.5 1 100
2 4 3 125
3 4.5 0 50
4 5 4 75
5 5.5 2 150
6 6 5 65

i A a = < @ 1
INNINT 4.1 UAPINUAINDVEUBIVDA [log] ON week—log 10N, week] Taelanduve s
3 1 a ad P v o & b W 9
ANUTUNIA-A1 LaznsABUSE MRl 4.2 uaasnnuduiusyosmndunn 1 maasslagld 6
Fananed A3 199 4.2) fuadlgmsinennaumneadiamans
¥ = ot o 1
[log10N week—log1 0N week] Hatgait Tumanienginenad 19 laa lunsvinneg Tagiia

regression coefficient R’= 0.90

OBSERVED

R*=0.90

280 300 406 b5.80

PREDICTED

53]
pw )
L]

7.0 &.00

MW 4.2 Linear regression YBIAFUNA NUMHIUIBINEUNS [log1ON week—logl10N,week]

ﬁﬂ"ﬁ]’]ﬂﬁﬁagﬁﬂﬂﬁ”lﬁﬂé 6 4INADDY

~v-% g Q)
4.3 M3seaaia Ui
%) -3 Qs %
MIAARIVBY log [log] ON,week—log1 0N, week] 1183910 6 Fariveamsfusnu luh

ANFTiAA14 ) uaaslumiseh 4.3 M mssendia uaaalunng 4.3
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1 ¥ 1 Y] o
13190 4.3 MITOAFIAVOI P, pentosaceus 1111170 (log10 CFU/mL) 5¥HIIMIPUSIMT 6 FUlens

Type of juices Week 0 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 [loglON week—log 10N, week]
Predicted Observed
Gac fruit 8.52+0.10 | 8.07=0.18 | 6.86+0.49 | 5.58+0.27 3.91+0.02% 2.56+0.07* 1.10+0.17* 6.62 7.42
Beetroot 8.58+0.10 | 8.60+0.02 | 8.34+0.04 | 8.1620.06 7.89+£0.04 7.81£0.05 7.67+0.02 1.17 0.90
Tomato 8.47+0.06 8.63+0.05 8.42+0.13 8.39:+0.11 8.28+0.04 7.43+0.06 7.63+0.01 3.21 0.84
Murdannia 8.59+0.09 8.46+0.11 8.21+0.19 8.21£0.02 8.19+0.04 8.22+0.06 8.16+0.06 0.72 0.43
Carrot 8.5640.02 8.59+0.05 8.1940.04 | 7.71x0.06 7.49+0.18 7.34:+0.05 6.5340.21 1.39 202
Bamboo grass 8.59+0.08 | B8.37+0.25 | 8.13+0.03 | 7.91+0.02 7.71£0.03 7.56+0.22 7.76+0.04 0.16 0.83
Centella 8.43+0.20 | 8.53+0.03 7.94+0.21 7.55+0.05 7.46+0.10 7.49+0.13 75322081 5 1.70 1.11
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Cell Concentration (logl0 CFU/mL)

0

——  Ga fruit

—4=— Carot

?

3 4

Storage time (weeks)
—a— Beetroot

—i— Tomato

—g— Bamboopgrass——=— Centeld

Murdanna

1 o g ar 1 S w
MWA 4.3 NINLAAINITTATIAAVD P. pentosaceus TUTIRN (logl0 CFU/mML) 559319ms ALY

6 dalansd

1 ?,‘ o = [N { [
wuuiaeninennuegseaveusad lan lwhAndeugnyie duwaadluasead 4.3 sas

1 " @ @ =] e 3 )
Y9IN1IBYTBAGITAVDUFATHL I HBn 6 dlmnvesmanuly Wiingn dwzemes e

4 ¥ . ' ¥ o/ Ao 1 =] 1 = 5 !
ﬂﬂﬂﬁ HIUATIN uﬂ’umma uazuﬂ‘umm nua pH ‘lJ‘i%lI'i‘m 6 mmanuﬂm—mmwumqmg
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Abstract

The lactic acid bacteria are generally as safe and the most of significant group of probiotic
bacteria. Currently, many research in product development focuses on the using probiotic -
lactic acid bacteria as starter culture for the fermented food production. However, the
supplementation of probiotic-lactic acid bacteria in vegetable juice have not been
extensively studied. The aim of this research was to study the survival of three species of
lactic acid bacteria in tropical vegetable juice in Thailand. The lactic acid bacteria in this
study were isolated from fermented food in previous studies and interleukin-12 inducing
strain. There are Lactobacillus acidipiscis SR7-1, Lactobacillus futsaii KC74-1 and
Pediococcus pentosaceus PC 73-3. Seven vegetable juices were purchased from a local
supermarket including gac fruit, beetroot, tomato, murdannia, carrot, bamboo grass and
centella juice. Each strain of lactic acid bacteria was cultivated and prepared as cell inoculum
to approximately 10" CFU/ml. One milliliter of each inoculum was added into 99 ml of
each juice, so that the initial cell concentration in juice was approximately 10% CFU/ml. The
Juices were stored at 4 °C for 6 weeks and then taken at weekly interval for determined the
pH and the ability to survive in juice and expressed as colony forming units (CFU/ml.). L.
acidipiscis SR7-1 seem to be more sensitive than L. futsaii KC74-1 and P. pentosaceus PC
73-3. High rate of cell survival was observed after 6 weeks of storage in beetroot, tomato,
murdannia, carrot, bamboo grass and centella juice, all of which had a pH of around 6.0.
The lowest pH was found in gac fruit juice (pH~3.25) which the cell survival decrease lower
than 10° CFU/mL after 1 week (L. acidipiscis SR7-1), 3 weeks (L. futsaii KC74-1) and 5
weeks (P. pentosaceus PC 73-3) of storage. In the case of tomato juice, the cell concentration
decreased approximately 0.84 - 2.63 logs after 6 weeks of storage, even though it had the
low pH (pH~4.10). The reason might come from other compounds that can protect the cells
during storage; these were likely to be dietary fiber. Additional, the pH of vegetable juices
decrease during 6 week of storage might be the production of lactic acid. The results
demonstrated that high pH enhanced cell survival.

Keywords: survival, vegetable juices, pH
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Abstract

The objective of this work was to study the survival of Pediococcus pentosaceus PC 73-3 in
model solutions and develop a mathematical model describing its dependence on pH,
organic acid and phenolic compound. A Central Composite Design (CCD) was developed
studying each of the three factors at five levels within the following ranges, i.e., pH (3.0~
7.0), organic acid (0-5 g/L), and phenolic compound (50-150 mg/L). In total, 17
experimental runs were carried out. The initial cell concentration in the model solutions was
approximately 1x10° CFU/mL; the solutions were stored at 4 °C for 6 weeks. Analysis of
variance (ANOVA) of the regression showed that a second order polynomial model fits well
the data. The results demonstrated that high pH and organic acid concentration enhanced
cell survival; on the other hand, phenolic compound did not. Cell survival during storage
was also investigated in various types of vegetable juices, including gac fruit, beetroot,
tomato, murdannia, carrot, bamboo grass and centella juice. The model predicted well the
cell survival in almost vegetable juices. High rate of cell survival was observed after 6 weeks
of storage in beetroot, tomato, murdannia, carrot, bamboo grass and centella juice, all of
which had a pH of around 6.0. The lowest pH was found in gac fruit juice (pH~3.25) which
the cell survival decrease lower than 10® CFU/mL after 3 weeks of storage. In the case of
tomato juice, the cell concentration decreased approximately 0.84 logs after 6 weeks of
storage, even though it had the low pH (pH~4.10). The reason might come from other
compounds that can protect the cells during storage; these were likely to be proteins and
dietary fiber.

Keywords: survival, vegetable juices, mathematical model

1. Introduction

Probiotics are defined as “Live microorganisms which, when administered in adequate
amounts, confer a health benefit on the host” (FAO/WHO, 2002). Probiotics can exert
several beneficial effects, including the prevention or treatment of intestinal infections,
irritable bowel syndrome and inflammatory bowel disease, the stimulation of the immune
system, the improvement in the digestibility of food products, the control of blood
cholesterol levels, and the prevention of atopic allergies (Gionchetti et al., 2002; Kajander
et al., 2005; Saggioro, 2004). However, in order to exert their health benefits, the minimum
concentration of live probiotic bacteria at the expirydate of the product should be around 10’
CFU/mL (Ding and Shah, 2008; Homayouni et al., 2008; Krasackoopt et al., 2003). The
high numbers have been suggested because during passage through the stomach and the
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small intestine, a significant number of bacterial cells die (Shah, 2000). As a result, the
survival of the strains during processing and subsequent storage of the food product is of
paramount importance.

Probiotics are mainly used in the production of fermented milks (Sanchez et al., 2009) and
other dairy products, such as yoghourt (Kailasapathy, 2006), ice cream (Homayouni et al.,
2008), cheese (Fritzen-Freire Muller et al., 2010), and to a lesser extent fermented meats,
cereals, vegetables, and fruits (Champagne and Gardner, 2005). Other non-dairy foods that
can be used as vehicles for probiotics are fruit juices or vegetable juices, as they are suitable
for consumers that are lactose intolerant (Prado et al., 2008).

Pediococcus pentosaceus is a gram-positive, facultative anaerobic, non-motile, and non-
spore forming bacterium. It is a member of the industrially important lactic acid bacteria that
grows on lactobacilli MRS broth at 37°C (Moslehi et al., 2016). P. pentosaceus is a crucial
industrial starter culture for fermenting foods, such as various meats, vegetables, and
cheeses. (Cheng-Chih Tsai et al., 2014).

The aim of this study was to enhance the existing knowledge on the effect of the juice
composition on the survival of lactic acid bacteria. For this reason, a mathematical model
was developed describing the survival a potential probiotic P. pentosaceus during
refrigerated storage in model solutions, as a factor of pH, organic acid and phenolic
compound. These results were then used to explain the survival of P. pentosaceus in various
types of vegetable juices, taking also into account the compositional characteristics of the
juices.

2. Materials and methods

2.1. Preparation of culture

P. pentosaceus PC 73-3 (IL-12 = 1062.29 pg/mL), isolated from Pla Chom, was used in
this study. The strain was preserved in 2 mL-cryovials containing 20% glycerol, stored
at—80 °C. The cells were cultivated at 200 rpm, 30 °C, in 100 mL of MRS broth (Difco)
for 16 h. The cells were harvested by centrifugation at 5000 g for 15 min. The pellets were
washed twice with 0.1 M phosphate buffer saline and were resuspended in 10 mL of PBS.
The cell concentration in the final PBS/cell suspension was approximately 10'® CFU/mL.

2.2. Experimental design

The experiments were designed using a Central Composite Design (CCD). Three factors
(pH, organic acid and phenolic compound) were studied at five different levels. Seventeen
experimental runs were performed in total; these are detailed in Table 1. The values for
each of the factors

were chosen so that they reflect the values usually found in vegetable juices.

Table 1 Central Composite Design (CCD) studying the survival of P. pentosaceus during
refrigerated storage as a function of pH, organic acid and phenolic compound.

Solution pH Organic Phenolic P Organic acid Phenolic Compound

acid Compound (g/L) {mg/L)
I -1 -1 -1 3.81 1.01 70.24
2 1 -1 -1 6.19 1.01 70.24
3 -1 1 -1 3.81 3.99 70.24
4 ] 1 -1 6.19 3.99 70.24
5 -1 -1 1 3.81 1.01 129.76
6 1 -1 1 6.19 1.01 129.76
7 -1 1 1 3.81 3.99 129.76
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8 1 l 1 6.19 399 129.76
9 0 0 - 1.68 5 25 50
10 0 0 +1.68 5 25 150
11 - 1.68 0 0 3 25 100
12 +1.68 0 0 7 25 100
13 0 - 1.68 0 3 0 100
14 0 +1.68 0 5 5 100
15 0 0 0 5 25 100
16 0 0 0 5 25 100
17 0 0 0 5 2.5 100

Multiple regression analysis was performed in order to fit a second order polynomial
equation, described below, to the data:

Y =Bo+ i X1 + aXa + B3Xs + BuXPit BaaXCot BaaXis+ PrzXiXz + BisXaXs + P23sXaXs
Where Y is the response [logl ONo week—log10N¢ week], Bo, B1, B2, Bs,...,

P23 are the regression coefficients, and X, X2, X3, are the pH, organic acid

concentration, and phenolic compound concentration, respectively. The modelling was
conducted using a enter selection method within the Minitab statistical (Version 16, USA).
The data were statistically treated by analysis of variance (ANOVA). ). Three- and higher-
order interactions were neglected. In order to validate the model, six conditions were
randomly selected, within the ranges of pH, organic acid and phenolic compound that were
used to construct the model; these are detailed in Table 2. The cell viability was assessed
after 6 weeks of storage. The [log!0Noweek—log10Nesweek] data were then compared to
the ones predicted from the model, using regression analysis.

Table 2 Composition of the model solutions used for the validation of the mathematical
model

Solution pH Organic acid Phenolic Compound
1 H-3 I 100
2 4 3 125
3 4.5 0 50
4 5 2 75
5 S+ v 150
6 6 5 65

2.3. Preparation of model solutions

The model solutions contained 50 g/L sucrose, 25 g/L glucose and 25 g/L fructose which
adjusted in 4% concentration, and appropriate amounts of organic acid (Citric acid and
Malic acid in ratio 1:1) and phenolic compound (Gallic acid represents all other phenolic
compound), as detailed in Table 1. Their pH was adjusted with 2 M NaOH (Sigma,
Singapore). The solutions were filtre-sterilised (0.22 pum) into 100 mL sterile bottles. The
PBS/cell suspension was added so that the initial cell concentration was approximately 10°
CFU/mL. The solutions were stored at 4 °C for 6 weeks. Samples were collected every
week and analyzed for pH, viable cell counts and compositional changes.

2.4. Bacterial enumeration

The plate count method was used to determine the number of viable bacterial cells. The
culture was serially diluted in PBS; 0.1mL of the suspension was then spread onto a MRS
agar (Difco) plate, in

triplicate. The plates were incubated aerobically at 30 °C for about 3 days, after which they
were counted and expressed as CFU/mL.
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2.5. Chemical analyses

Sucrose concentrations determined by modified from Barroso ef al. (2016) by using high
performance liquid chromatography (HPLC) using Shimadzu (Shimadzu Cooperation
Analytical & Measuring Instruments Division Kyoto, Japan) LC-20AD series pumping
system, SIL-20A Series Auto injector system consisting of Inertsil NH2 column with 4.6 x
250 mm. i.d. (GL Sciences Inc., Japan) and RID-10A Series Refractive Index Detector. The
isocratic mobile phase was acetonitrile/water (80/20) with a flow rate of 1.5 mL/min, and
the temperature was set at 40 °C.

For glucose, fructose, citric, malic, acetic and lactic acids concentration were determined by
modified from Yang et al (2017) using a cation exchange column with a 300 x 7.8 mm i.d
(Aminex HPX-87H) equipped with a cation H+ microguard cartridge (Bio-Rad
Laboratories, Hercules, CA). The 0.005M H2SO4 as the mobile phase at isocratic flow rate
of 0.5 mL/min; the analysis was conducted at 65 °C. 0.005M H2SOs prepared by diluting
reagent grade sulfuric acid with distilled water, filtering through a 0.45-pm membrane filter
(Sartorius, AG, Gottingen, Germany), and degassing under vacuum. Analytical grade
reagents were used as standards (Sigma Chemical, Milano, Italy).

The total dietary fibre in juice samples was determined by a combination of enzymatic and
gravimetric methods (AOAC, 1997),using a total dietary fibre assay kit (Sigma, Singapore).
One gramme of freeze-dried sample of each juice was dissolved into 50 mL of 0.08 M
sodium phosphate buffer (pH 6.0). a-Amylase (0.1 mL) was then added and the contents
mixed in a water bath at 95 °C for 15 min. After cooling, the pH of the solutions was adjusted
to 7.5 by adding 10 mL of 0.275 N NaOH; then 0.1 mL of protease solution was added, and
the solutions were incubated at 60 °C for 30 min. Subsequently, the pH of the solutions was
adjusted between pH 4.0 and 4.6 using 0.325 M HCI; 0.1 mL of amyloglucosidase was then
added and the solutions were incubated at 60 °C for 30 min. Four volumes of 95% ethanol
were added into each solution; these were left overnight at room temperature to allow
complete precipitation. The solution was filtered and the residue was washed thrice with 20
mL of 78% ethanol, twice with 10 mL of 95% ethanol, and twice with 10 mL acetone, and
was then air-dried. After drying, the residue was weighed and the sample split in two. One
half was used for analysing the protein content, using the bicinchoninic acid protein assay
kit (Sigma, Singapore) and the other half the ash content. The total dietary fibre was
calculated as the weight of the residue minus the weights of protein and ash.

The total phenol content of juices was determined using the Folin—Ciocalteu assay
(Lukanin et al., 2003). The juices were initially clarified by centrifugation (10,000 g, 10
min, 4 °C). Then, 0.5 mL of each clarified juice was mixed with 0.5 mL of Folin—
Ciocalteu reagent and 5 mL of 20% Na2CO3 solution. The solutions were diluted to 50
mL with distilled water, and mixed thoroughly. The assay mixtures were allowed to stand
for about 30 min at room temperature. The absorbance was measured at 630 nm; the blank
was distilled water. The total phenol concentration was calculated using a calibration
curve, prepared with various concentrations of gallic acid.

2.6. Cell survival in vegetable juices

Seven commercial vegetable juices (gac fruit, beetroot, tomato, murdannia, carrot, bamboo
grass and centella juice.) were purchased from a local supermarket. The PBS/cell
suspension was added into 100 mL of each juice, so that the initial cell concentration was
approximately 10® CFU/mL. The juices were stored at 4 °C for 6 weeks. Samples were
collected weekly and analysed for pH, viable cell counts and compositional changes. The
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survival experiments were conducted in triplicate for each condition, using different
inoculums for each of the replicates.

2.7. Statistical analysis
Comparisons between the various sets of data were carried out using the t-test. A P-value
below 0.05 (presented as P<0.05) was considered statistically significant.

3. Results

3.1. Cell survival in model solutions

The evolution of the cell concentration of P. pentosaceus during storage in the model
solutions, and the log difference between week 0 and week 6,
[log1ONoweek—log1ONsweek] are presented in Table 2. In all the solutions, the number of
cells started to decrease slowly after the

first two weeks of storage, especially in the case of the solutions with very low pH. The
cell concentrations were significantly reduced (P<0.05) by week 5 and week 6, although in
most cases they were still higher than 10’ CFU/mL. The lowest cell survival was observed
for solution 11, which had that the lowest pH value (pH 3). High concentrations of organic
acid seemed to support high cell survival, as suggested by the results of solutions 4, 8, and
14 (Table 3)
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Table3 Evolution of the cell concentration of P. pentosaceus concentration during refrigerated storage for six weeks

Survival in each week

[].Og 10V Oweek_logl 0NV each week]

Solution 0 1 2 3 4 5 6 1 2 3 4 5 6
1 8.66+0.05 7.924+0.22 5.32+0.13 4.66+0.22 3.844+0.06 3.33+0.08 325002 074 334 400 4282 5.33 541
2 8481009 8442007 845:0.11 823£0.08 8202001 7.59+0.12 748£0.10 0.04 003 025 028 089 1.00
3 8644008 770+0.17 6.04+0.06 5.07:0.11 4.97+40.03  3.87+0.15 3.88:0.06 093 259 357 367 477 476
4 8.51+0.06 8.46+0.03 8.39+0.02 8.38+0.03 8.23+0.05 7.93+0.07 6.80+0.05 0.06 0.12 013 028 0.58 1.62
5 8564008 7.86+0.03 5254015 383001 4.024002 3374010 3484002 070 332 474 454 520 508
6 8.484+0.11 8.44+0 .09 8.17+0.09 8.254+0.04 8.11+0.04 7.88+0.02 7.50+0.02 0.04 031 022 036 060 097
7 8504012  7.644028 5794015 5354008  45940.01 3834013  3.5840.05 086 270 3.14 391 466 492
8 8.5740.08 8512013  845:0.06 8324002 ~ 8.20:006 8.1740.02 795005 006 012 025 037 039 0.62
9 8.5740.07 8.5440.01 833+0.11 8344001 - 8.1440.06  7.9440.03  7.6740.02 002 024 023 042 063 089
10 8.65+0.04 8.45+0.03 8.544+0.08 8.344+0.08 8.02+0.05 7.98+0.09 7.80+:0.06 020 0.11 0.31 063 066 075
i1 8.16x0.14 4.64+0.19 0 0 0 0 0 352 816 816 816 8.16 8.16
12 8564004 8494002 8414009 828£0.02 7744013 8232006 6.98:0.03 006 015 027 082 032 157
13 8.66x0.17 6.28+0.30 4.23+0.07 2.83+0.13 0 0 0 238 444 583 8.66 R66 R66
14 8.50£0.16 8.504+0.05 8.204+0.07 8.31+0.03 8.284+0.05 8.15+0.03 7.860.08  0.00 021 0.19 022 035 0.64
15 8.77+0.08 8.61+0.08 8.37+0.13 8.45+0.06 8.21+0.05 7.924+0.10 7.69+£0.02 0.15 039 032 056 084 1.08
16 8594003  8.56£0.02 8374005 8294010 8.1940.04 7934003 7594012 003 022 029 040 066 1.00
17 8574006 8554003 8.500.11  8.3040.08 ~ 806£0.01  8.05£0.01  7.830.06 002 006 027 050 052 073

Standard deviation (£S.D.) calculated with 95% confidence

Table 4 Evolution of the cell concentration (logl0 CFU/mL) of P. penfosaceus in vegetable juices during six weeks of storages.

Type of juices

Survival in each week

[log10Nyweek—log10Ns week]

0 1 2 3 4 5 6 Predicted Observed
Gac fruit 8.52+0.10  B8.07+£0.18  6.86+0.49*% 558+0.27*% 3.91+£0.02*  2.56+0.07*  1.10+£0.17* 6.62 7.42
Beetroot 8.58:0.10  8.60+£0.02 834+0.04 8.16+0.06  7T89+0.04*  7.81+0.05%  7.67+0.02%* 1.17 0.90
Tomato 8.47+0.06  8.63+0.05 8424+0.13  839+0.11  8.28+0.04 7.43+£0.06*  7.63x0.01* 3.21 0.84
Murdannia 8.59+0.09 846+0.11 8214019 821+0.02* 8.19+0.04%  8.22+0.06%  8.16+0.06% 0.72 0.43
Carrot 8.56+0.02 8.59+0.05 8.19+0.04* 7.71£0.06* 7.49+018*%  734+£0.05*% 6.53+021% 1.39 2.02
Bamboo grass 8.59+0.08 837+025  8.13+0.03* 7.91+0.02* 771+£0.03*  7.56+0.22%  7.76+£0.04% 0.16 0.83
Centella 8.43+0.29  8.53+0.03  794+021* 7.55£0.05% 7.46+0.10% 749+0.13*  732+0.15% 1.70 1.11

Standard deviation (+S.D.) and t-test between week 0 and each week calculated with 95% confidence, *significant (P<0.05).



3.2. Model development

ANOVA analysis of the stepwise regression demonstrated that a second order polynomial
model fit well the data. The R? values of the model was R2=84.1%. Moreover, the residual
plots did not show any trend in the distribution of the residuals around the zero line, further
confirming the goodness of fit. Based on the regression coefficient estimates and the
corresponding Prob>T values, it was deduced that the pH and organic acid concentration had
a significant effect on the model, whereas the phenolic compound concentration did not

The polynomial mathematic model that was used to estimate the
log difference, [logl 0Noweek—log10Ns week], was:

[logioNoweek—10g10Ns week]= 34.3 - 10.5 [pH] - 3.62 [Acid] + 0.052 [Phenolic] + 0.894 [pH] 2
+0.538 [Acid] ? - 0.000187 [Phenolic]® + 0.076 [pH] [Acid] - 0.0030 [pH] [Phenolic] -
0.0014 [Acid] [Phenolic]

[loglONoweek—logl 0Ns week]

pH 7.5
Figl Response surface plot illustrating the effect of pH, organic acid, and their interaction
on the log decrease [loglONoweek—log 1 0Nsweek].

Fig. 1 shows the response surface plot of [log] 0Noweek—log10Nsweek] as a function of pH
and organic acid concentration. Fig. 2 shows the correlation between the observed and the
predicted values of the log decrease [logl 0Noweek—log 1 0Nsweek], for six solutions

(Table 2), as part of a model validation study. The latter result suggested that the model had a
good predictive ability, as the regression coefficient, (R?), was 0.90.

OBSERVED

0. 100 200 3.00 400 500 6.00 7.00 B8.00

PREDICTED

Fig. 2 Linear regression of the observed versus the predicted values of the log decrease
[logl ONoweek—log10Nsweek| from six model solutions.
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3.3. Cell survival in vegetable juices
The log decrease [log] ONoweek—log10Nsweek] after 6 weeks of storage in the various
vegetable juices is shown in Table 4, whereas the survival curves are shown in Fig. 2.

=
=}

Cell Concentration (logl 0 CFU/mL)
L8] w = w o ~ o w

[T

0 1 ?

) 4 5
Storage time (weeks)

——  Gax fruit —@— Beetroot

—=— Tomato —— Murdannia

—#— Carot —8— Bamboo grass—4— Centells

Fig. 2. Evolution of the cell concentration (log10 CFU/mL) of P. pentosaceus in vegetable
juices during six weeks of storages.

The model predicted well the cell survival in almost vegetable juices. (Table 4) High rate of
cell survival was observed after 6 weeks of storage in beetroot, tomato, murdannia, carrot,
bamboo grass and centella juice, all of which had a pH of around 6.0. The lowest pH was
found in gac fruit juice (pH~3.25) which the cell survival decrease lower than 106 CFU/mL
after 3 weeks of storage. In the case of tomato juice, the cell concentration decreased
approximately 0.84 logs after 6 weeks of storage, even though it had the low pH (pH~4.10).
The reason might come from other compounds that can protect the cells during storage; these
were likely to be dietary fiber.,

Table 5 Compositional in vegetable juices.

Type of juices Total pH Organic ~ Total phenol  Dietary fiber
sugar (g/L) acid (g/L) (mg/L) (g/L)
Gac fruit 97.63+0.02  3.25+0.09 4.12+0.11  105.03+6.11 5.55+1.42
Beetroot 22.14+£0.05  6.11+0.04 1.60£0.03  85.52+6.92 1.61+0.88
Tomato 44.5340.02  4.10£0.13  4.02+0.09 ~100.92+11.22  12.72+0.43
Murdannia 0.27£0.01 - 5.84+0.10 . 1.90+0.13  94.47+5.14 0.54+0.21
Carrot 45.98+0.05 6.01+£0.08  1.34+0.04  118.18+6.33 7.24+1.67
Bamboo grass  0.28+0.01  6.06+£0.14  1.60+0.08 113.26+7.62 0.74+0.78
Centella 0.35+£0.06  6.59+0.01 1.37+0.07 113.50+9.16 0.62+0.36

4. Discussion

In order for probiotics to survive the adverse conditions of the gastrointestinal tract and reach
the intestine in sufficient numbers, they need to be present at a concentration of at least 107
CFU/mL in the product at the end of shelf-life; this, in the case of vegetable juices,
corresponds to approximately 10° CFU per portion. The aim of this work was to evaluate,
through the development of a mathematical model, the effect of pH, organic acid and
phenolic compound on the survival of P. pentosaceus cells during refrigerated storage, and
evaluate the ability of the model to predict the cell survival in various vegetable juices. The
reason for selecting these three factors is that they have been suggested to play an important

role for the survival of lactobacilli in foods, including juices (Champagne and Gardner,
2005).
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It must be noted however, that in addition to citric acid, malic acid is usually present at
similar amounts in most juices (Ranken and Kill, 1993); this was taken into account when
applying the model to the data from the juices. Moreover, it should be noted that for a
commercial application, instead of fresh cells, which were used in this study, either frozen
or freeze dried cells are used. This aspect needs to be investigated further, as it is likely that
the preparation of the cells will affect their survival during storage in the juices.

Based on the results from the model solutions and the stepwise regression analysis that was
conducted, it was deduced that pH and organic acid were the main factors influencing cell
survival during storage, whereas phenolic compound did not. The strong influence of pH on
cell survival in various food products has been widely suggested (Champagne and Gardner,
2005). In the case of lactic acid bacteria, pH homeostasis between the intracellular and the
extracellular environment is maintained by the action of a proton translocating ATPase. The
enzyme hydrolyses ATP, which generates the energy for the extrusion of protons from the
cytoplasm (Corcoran et al., 2005). As a result, other crucial cellular functions are deprived
of ATP, and cell viability cannot be maintained. There is very little information regarding
the role of citric and malic acids in the survival of lactic acid bacteria during storage.
However, taking into account the fact that these organic acids are commonly used
preservatives with antimicrobial properties, it was expected that organic acid would have a
negative effect on cell survival in the model solutions. However, organic acid had a
significant positive effect on cell survival. A likely explanation for this could be that organic
acid was metabolised by the cells.

Regarding the compositional changes taking place during storage in the model solutions,
lactic acid was produced after 6 weeks of storage, suggesting that the cells were metabolising
the available energy sources. The amounts produced were small though, ranging between 0
and 0.8 g/L. The higher amounts were observed for the experimental runs that demonstrated
the higher survival, suggesting that the cells most likely used the energy generated through
the metabolism to maintain their viability. The pH of the solutions however did not change
(data not shown), presumably due to the high buffering capacity of the solutions. Despite
the likely protection offered by organic acid, the amounts of organic acid did not change
significantly during storage (P>0.05, data not shown), whereas no acetic acid was produced
based on the HPLC data. Fermentation studies have shown that organic acid was
metabolised by Lactobacillus species, such as L. plantarum and L. casei, when present in
the growth media along with sugars. In all these cases, the pH of the media ranged between
4 and 5, and the main product was acetic acid, with the concomitant production of ATP
(Kennes et al., 1991; Palles et al., 1998). A likely possibility for the fact that reduction in
the organic acid concentration was not observed in this study, could be that the cells were
maintained at 4 °C and at very low pH values (in contrast to the higher temperatures and pH
values of the published studies), and as a result they did not metabolise high amounts of
citric acid, to show statistically significant changes in the compositional data.

The application of the developed model in the juices indicated that cell survival was
predicted well in almost vegetable juices. This indicated that in these particular juices, the
pH and the level of organic acids were the main factors influencing cell survival. The cells
survived well in beetroot, tomato, murdannia, carrot, bamboo grass and centella juice; one
reason for this was probably the high pH of these juices, which was around pH 6. In the case
of tomato juice, the cell concentration decreased approximately 0.84 logs after 6 weeks of
storage, even though it had the low pH (pH~4.10). The reason might come from other
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compounds that can protect the cells during storage; these were likely to be dietary fiber. It
has been suggested that dietary fibres can protect probiotic cells during processing and
storage, via a mechanism that involves the physical immobilisation of the cells on to the
fibre (Saarela et al.2006b). Examples of such fibres include oat B-glucan, the addition of
which into yoghourt resulted in improved survival of B. animalis subsp. lactis during
prolonged cold storage (Vasiljevic et al., 2007). Other researchers have reported that oat
flour with 20% B-glucan was able to protect L. rhamnosus during storage in apple juice
(Saarela et al., 2006b). Moreover, Sendra et al. (2008) reported the citrus fibres enhanced L.
acidophilus CECT 903 and L. casei CECT 475 survival during storage at 4 °C for 40 days
in fermented milks.

5. Conclusions

According to the developed mathematical model, high levels of pH and organic acid
supported the survival of Pediococcus pentosaceus in model solutions during refrigerated
storage. Among the various vegetable juices tested the cells survived well in almost
vegetable juices, whereas they decreased lower than 10° CFU/mL after 3 weeks of storage
in gac fruit juice. The mathematical model was able to predict in some cases the cell survival
in the vegetable juices, although in some other cases it did not, most likely because other
components of the juices were playing a role, such as dietary fibres.
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The mathematic model

6

0.84

(10810 N o101V, el = 34.317-10.495[pH] -3.624[ Acid] +0.052[Phenolic]
+0.894[pH]2+0.538[Acid]2+0.76[pH] [Acid]-0.003[pH] [Phenolic]-0.001[Acid]
[Phenolic]

0.87

[102,6N e 10810 o= 34.979-10.060[pH] -3.825[ Acid] +0.028[Phenolic]
+0.815[pH]*+0.564[Acid]*+0.41[pH] [Acid]-0.001[pH] [Phenolic]

0.84

[log,(Nyea 1086V, wead= 35.073-10.480[pH] -4.201[Acid] +0.043[Phenolic]
+0.837[pHI"+0.527[Acid]+0.126[pH] [Acid]+0.001[pH] [Phenolic]+0.001[Acid]
[Phenolic]

0.91

(108, 6Ngeee 102,V o )= 33.686-10.838[pH] ~2.836[Acid] +0.045[Phenolic]
+0.886[pH]+0.374[ Acid]+0.137[pH] [Acid]-0.001[pH] [Phenolic]-0.003[Acid]
[Phenolic]

0.89

(108, 6N pwear 1086V, won )= 31.252-10.424[pH] -2.115[Acid] +0.041[Phenolic]
+0.86[pH]*+0.258[ Acid] +0.090[pH] [Acid]+0.001[pH] [Phenolic]

0.69

(108,10 Vg et 1080V, e = 10.505-3.795[pH] -0.624[Acid] +0.029[Phenolic]
+0.327[pHT+0.113[Acid]’-0.022[pH] [Acid]-0.00008457[Acid] [Phenolic]
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