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Abstract

Probiotic testing of 108 isolates of lactic acia bacteria (LAB) isolated from cow
and goat milk showed that there were 48, 29 and 8 isolates could survive more than 50 percent in
simulated gastric juice at pH 3, 2 and 1 at 37°C for 3 h, respectively. Moreover, all 8 isolates
could survive more than 50 percent in simulate intestinal tract condition at 37°C for
4 h. However, only 7 isolates could survive more than 50 percent in continuous simulate
gastrointestinal tract condition at 37°C for 7 h and showed less than 20 percent hydrophobicity.
Among them, 3 isolates (CM21, CM47 and CM53) exhibited antimicrobial activity against all
pathogenic bacteria (Escherichia coli, Staphylococcus aureus, Salmonella typhimurium and
Listeria monocytogenes). These LAB were able to hydrolyze glycodeoxycholate and only 2 of
them (CM21 and CM53) were able to hydrolyze glycocholate. All 3 isolates (CM21, CM47 and
CM353) were identified by 16S rDNA sequencing as Lactobacillus plantarum subsp. plantarum
with similarity of 99.17, 99.79 and 98.91, respectively. Accordingly, Lactobacillus plantarum
CM53 was selected to study the effect of encapsulation with alginate by emulsion technique,
low-methoxy pectin and carrageenan by extrusion technique and the effect of addition of sucrose.
The encapsulation with 3% alginate without sucrose and 5% low methoxy pectin with 5% sucrose
showed high encapsulation efficiency, survival ability in the freezing condition of ice cream and
gastrointestinal tract condition and releasing ability in simulated small intestine (jejunum)
condition. Then the study of the production of probiotic fortified ice cream with Lactobacillus
plantarum CM53 in 3 forms (free cells, cells encapsulated with 3% alginate without sucrose and
cells encapsulated with 5% low methoxy pectin with 5% sucrose) were evaluated. It was found
that cells encapsulated with 3% alginate showed the highest protection during production and
storage of ice cream as the number of encapsulated Lactobacillus plantarum CMS53 was

constanted throughout the storage time for 8 weeks. The ice cream fortified with probiotic cells
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encapsulated with alginate showed the physical characteristic not difference form the control (ice
cream fortified with free cell). The microbiological quality of ice cream fortified with
encapsulated cells does not excess the standard requirement. Moreover, the sensory test showed
that the consumers accepted the ice cream fortified with probiotic cells encapsulated with

alginate.
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Table 1 Potential clinical targets of probiotic intervention

Effect Potential mechanism Potential risks

Reduction in the duration of rotavirus
shedding, normalization of gut
permeability and microbiota

Degradation/structural modification of
enteral antigens, normali- zation of the

Nutritional management of
acute diarrhoea characteristics
Nutritional management of

allergic disease Inflammatory effects/adverse  effects

bowel disease properties of aberrant indigenous innateimmunity Translocation
microbiota and of gut barrier /infection
functions, local and  systemic

inflammatory response, increase in the
expression mucins

Risk related to host and strain

Strains with proinflammatory

Reducing the risk of infectious
disease

Increase in IgA-secreting cells against
rotavirus, the expression of mucins

Risk related to host and strain
characteristics

Reducing the risk of allergic Promotion of gut barrier functions, Directing the  microbiota
/inflammatory dissease anti-inflammatory potential, towards other adverse
regulation of the secretion of outcomes/directing the
inflammatory mediators, and immune responder type to

promotion of development of the
immune system

other adverse outcomes

Source: Isolauri et al. (2004)
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Oesophagus
No Own microbiota
Microbes from food and oral cavity Stomach
10* CFU/g
Duodenum Candida albicans

10% - 10*CFU/g

Helicobacter pytori

Bacteroides Streptococus
Candida albicans
Lactobacillus Jejunum
Streptococcus 105~ 107 CFU/g
Bacteroides
Colon Candida albicans

10 - 10™CFU/g
Bacteroides

Lactobacillus
Streptococus

Bacillus

Clostridium lleum
Enterococcus 10" - 10°CFU/g
Eubacterium Bacteroides
Peptostreptococcus Clostridium
Ruminococcus Enterobacteriaceas
Streptococcus Enterotococus

Lactobacillus

Figure 1 The numerically dominant microbial genera in the adult human gastrointestinal tract
Source: Isolauri et al. (2004)
132 dad

4

daulnguuaiiGelns luTeanszwuninluusnaumudueimisvesdal

A

a dyd d' 1 =) 9 IS 1 dy a 9y Aaov Qy 9
LH’EN‘D']ﬂ’]J'i!’Jﬂlui]ﬁﬂTJ%Vlﬁﬂ!ﬁﬁJﬂlﬁll‘Uﬂﬂliﬂﬂﬁ]uul%iﬂ]u"lﬂﬂ UIYYT Yyau (2550) Ulﬂllﬂﬂ
a = o a a v J 9 9 a
gaun3d Ins luTe@anvnmaduemisvesdaingia dsznouade Uar 09 uazi) 99 20 wiia

1 Aa Aa va I a U o 4 9 1 .
wunamsanenuuaiiFeniguantadulns lulean1d 3 aewus 18un  Pediococcus
pentosaceus APa4, Pediococcus pentosaceus Ala 1 W Enterococcus faecium ARal Tag

A A c?/‘ [ o [ 09/1 . . Y v o 4 a o d Y
HUANLTENN 3 TYNUT FTNTYUYN Listeria monocytogenes & viesa Yanaav (2551) 18

A A A A J a A [ o
LLfJﬂL!fUﬂV]Lﬁﬂllﬁﬂﬂﬂ'ﬂL‘1JuiWill’]JT@ﬁﬂﬁﬂﬂﬂNlﬂLl?ﬂﬁTiGll’t’)\‘]"lﬂﬂigﬂﬁ @18J1J3$3J”Ii1! 40-50 MU
1 491 A A A A a 9 3
Lmzhlﬂwummmqﬂszmm 3-4 19U ﬁ?ﬂ?iﬂllﬂﬂllﬂﬂﬂ!iﬂuﬁﬂﬁﬂulﬂ‘ﬂﬂﬁﬂﬂ 548 Ul’E)I“IfLﬁ‘VI
4 o vAa I Aa 4 Aa Aa 1 = o
Wethwmageunmautiansdulns luTeandesdu tazdszanimwmsdosTsau luiiu
1 @ A A A Aa va o 1 9 ] o 9 1
LLE’I%LL“ﬂ\? W‘]J’JT(?H3J'I‘§ﬂﬂﬂ!LUﬂLL’Uﬂ‘i/]L‘iEJIW‘iVlUI@G]ﬂV]NﬂmﬁﬂﬂiﬂﬂiﬂﬁT)llﬂ 5 ’mawu‘n; l'lﬁ’]!,l,ﬂ
Enterococcus  sp., Eenterococcus lactis, Eeterococcus faecium, Enterococcus faecium e
Pideococcus pentosaceus
133 Haada19IMg
a Y] 4 I 1 a a 1 ]
pannaso1duuvassssumnavesIns luTedn daulvawuninlu

a o J 1 ad a . . Y v a2 A
HAAAUANUN 1T ToINTa LazUUAY Sicladie uagame (2011) lafauenuuniise

Tns luTeananuuiIAY 32 @10819 WU AITafaReALLANEsNAIVITONUNTANNLDY 2

Y
o A

9
1Az 3 uazNaoiA lasosas 02 uaz 0.4 (W/V) laniviva 15 lola@an a1nmsdny1ved



=)

. [ A = A vAa I a
Maragkoudakis tlagaaiz  (2006) dmisnnadonuuafiGenlauauiadulnsluTeanain
a [ 4 @ 1
paanusiunla 3 mawuﬁf 1Qun Lactobacillis casei  Shirita  ACA-DC 6002, Lactobacillus
paracasei subsp. tolerans ACA-CD 4037 Uag Lactobacillus. plantarum ACA-DC 146 U9NIN
a [ 4 9 = 9 I 1 A A o 1 = I [
panduiunndl omsninoe ldinduunasvesIng luTeAnidauywfednu o9ns
o a o v do a 1
YIS (2546) IdAauenuuaiiGenananaineisuinaniiviazdaisiuau 23 siia wui
1Y == a 9 d' o va
drnsodauenuuaiisonanan’d 327 lelanan uazilieiiwimaaeuquania
Y
Tws'luTedantileedu uazanuansalumsges Tisau lTvdu vazuils wuhnaunsodaiden
a Adg a o
puaiSouananiidiuing luTean'ld 5 aresug Usenoudae Pediococcus pentosaceua (LAG),
Lactobacillus casei (LA13), Lactobacillus plantarum (LA71), Lactobacillus plantarum (Lal02)
Y
Uag Lactobacillus  delbrueckii  (LA198) Han1sAN¥INaeAndIfUNaNITANYIVDY
Is§and auus (2550) IdnauonuuaiiFouananaoWus Lactobacillus plantarum JR21 uag

=~

!
a wa a o o o Ao o 1 ~ A
Nﬂmallll@]I‘WivlllI@@ﬂﬂ1ﬂa1ﬂ1§ﬂnﬂﬂ’lﬂamj UASNYNINUA 52 AU LLagHLUANLIIN

A

Y
o 9 [ Y 1 9 1
Aadon laausadudauniisone s 1QuA Listeria  monocytogenes, Bacillus — cereus,

. o . . 9}
Escherichia coli, Salmonella enterica serovar Typhi Q& Vibrio parahaemolyticus 4

¢a a o d
1.4 qaunsgilndulnslulefnlundnsaaioms
a -4 a o L 1 ] 1 [ H
vaunsdIns luTeanthmlszgnd g luemsarulnaeglunguuuaiiGen
a a . . . I 1 A A d’ﬁ/ a A v 9 4
HAANTALANAN (Lactic acid bacteria) 1unquuunaisendouaadunsuuin luaiwailes
1 L4 3 a { 1 ™
Tuasrveulminzaziad (Catalase) Inswiamilugivou uazgnay Taemluuaiise
] Y k4
uananedelunnasiiansesgavanuzal 1w illeuazkanduaiiile naasuaiuy uay
o/ ! I 9 o 1 J A d A 4
pIM31NNABIA1eY uau ausantindesianglaa ¥emanuasuey 6 ozasw
A 9 a a [ d a 1 a a a [ & 49} a Bldy
auq 18 nazndandaduairiane sonu NnslatazlsuusaaduniFonan 1l
o ' a A a | ' ' A ' 4 =
ansadauauuaiGensauananeenilu 2 ngulvy Ae  aqulalwmesmumn
9
(Homofermentative) ~ eu13aNaANIALAAANINNIsHINGasiaIasinan lagelszua

a2 g

v A A a Aa . . % s I
UL 95 NYIADDNTVYAL 5 ITHANNTALUDHEAN (Acetic acid) LLa&LﬂﬁﬂWﬁU@ullﬂﬂﬂﬂul%'ﬂ@ﬂ

=

3 Y = A 4 = . @ %
[@anties uazdnniane anme Isveswumnl (Heterofermentative) A18MAI91ANITAITHIN
v
goeriignandl zwaansauananilszuiaiesay 50 uazdniesaz 50 wanNIAUOTAN
7a . . o o ¢ P
nsANB31N (Formic acid) 39UNUONTIUOA (Ethanol) ttazupansuou lassn laa
A A a 1 19 =~ < Y . .
nuafisenanandiulvaidesnisenimiiesantios  (Microacrophile)
v ' A 4 3 {
vaeuiiunanlidesn15e1n1re61989 (Strickly anaerobe) tiipsniniunuaiiGeonla

Y
waau anmsndniiealasludesldesndiau deanisermisaoudNasusudo ULy



10

4 . a [ 1 g
9ANENYT0] (Complex and enrichment media) Tagl¥nsaozii Tuiuunaslulasou Woae-
wu e ldluennsniiildonmsniy wazimduvnatovia wu lulenu (Biotin) 5 luvlariu

. . 1 19 a A a 1 Y 1 = A
(Riboflavin) tiaz a1 InAeansasoiunIg Ul unana g 151 uuamia uunilige
o I 9 A a v Ao dy
uaz Woawesa Wudu venwtennanuansalumsnaneiisnilnnusalervare
a 9 9 A A a I dy a Ja a a 1
FHALA? o lsuuanFensatananiudeuaigiulumsiangiiniuuesia sy
a Aa A v dy VAo 9 g a o an
Fiul 12 vnaevufveusenguidianaldiluomaasudaunuasdfriue

@ qul a a o A ]
Tagansodudamaiaulavesgaunsdou o 18 @y Bacillus subtilis, Brochothrix
thermosphacta, Clostridium botulinum, Clostriduim perfringens, Clostridium sporogenes,
Escherichia coli, Klebsiella spp., Listeria monocytogenes, Micrococcus pyogenes, Proteus spp.,
Salmonella spp., Shigella sonnei, Staphylococcus aureus W% Yersinia pseudotuberculosis
1<
Wudu

[l 3 v A A A a A = 4 A Ay Ya =® =®
ag19lsnaudelinuaiTesiaou taziaau1esian laTn1sANYID
va o a . Y 9 a A
ﬂmﬁuumﬂuiwﬂﬂmn (de Vrese and Schrezenmeir, 2008) LIF§AIAY Table 2 mﬂ%fgaumﬂ
a 1 ] a o 4 [] ad Y I
TnsluTednluommsaiulnase I¥ lundadaaiug wu Toinsa wazuulsen iudu wazlu
7 A a a a [ Jd A 1 []
JogiiuimsmuanunarnnateTasnsiasuIng luTeanaslundaduaisian19e 5u

o o < A A s Y 3 Y
DINITAINITIUNITN LUYLLUN IATDIAULIY uamgﬂwa"lu Lﬂumu



11

Table 2 Examples of common probiotics

Lactobacillus Bifidobacterium Streptococcus. Saccharomyces  Others

L. acidophilus  B. adolescentis S. thermophilus S. cerevisiae Bacillus cereus

L. amylovorus  B. animalis S. salivarius. S. boulardii Bacillus coagulans
L. bulgaricus B. bifidum S. diaacetylactis Escherichia coli

L. brevis B. brevis Enterococcus faecium
L. casei B. infantis Propionibacterium
L. cellobiosus  B. longum freudenreichii

L. crispatus B. thermophilum Homeostatic Soil
L. curvatus Organisms (HSO's)
L. fermentum

L. gallinarum

L. johnsonii

L. lactis

L. paracasei

L. plantarum

L. salivarius

L. sporogenes

L. reuteri

L. rhamnosus

Source: Sekhon and Jairath (2010)
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A, 4 o .
2.3.1 A5M3I@AENIFU (Extrusion technique)
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LY 1 1 Y o a 9 a o [

2553) G’I’J’GEJNﬂﬁ‘l’iﬂ‘i{i}ll%ﬁaIWill‘]JTﬂ@ﬂIﬂEJGl"M‘VIﬂumﬁ]ﬂﬂg%uuﬁﬂﬂﬂ\‘i Table 3

Table 3 Encapsulation of probiotic bacteria by extrusion technique

Diameter of

Bacteria Supports used  Special treatment bead (mm) Application
Lactobacillus delbrueckii  1.875% N 2.5 Yoghurt
ssp. bulgaricus alginate
Lactococcus lactis 2% Coated with low 2 Biomass
SSp. cremoris alginate MW chitosan production
Lactobacillus plantarum  1.5% Added glycerol 2 Biomass
alginate production
Lactobacillus reuteri, 5% Coated with 1 N
Lactobacillus salivarius,  pectinate chitosan (1%)

Lactobacillus gallinarum

N, no treatment
Source: Krasaekoopt et al. (2003)

2.3.2 35MsoNaTy (Emulsification technique)
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2.4.1 9adua (Alginate)
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1INMIANEIUDY Mandal HaZAME (2006) ARIMTHORUIYAA Lactobacillus
casei NCDC298 lusadiuannududuuanaiany Gosay 2, 3 uag 4) naasun1sieas iy
' Y
anngiiewd (pH 1.5) inderhadudu Govaz 1 uag 2) nagmsuilsgddrennudou (55, 60
W30 65 DerITAITEA) WUINTTOATIAVOS Lactobacillus casei NCDC298 MHIUNTHORY
= ] Ia A Yy 9 v A Aq Y o 1 Y
andusaaodsz lunnaagminadou uazionnudnduvosdavuanlfiuiaavony
A 2 P Aa A 2 v A ' ~ ~
WY SUaansoaFIANNgINGe Wonadoumsiaatlassluansiies@sunuy
o Y ~ a a o 1 d‘ [l
a1 14 (pH 7.4) Ngungil 37 eermuaaiTeoa W 0.5, 1, 2 1ag 3 92 Tug wuaudenarlunsiy
A dgl o A 1 A d? 2 o &~ 1 1 1
uvuImsaananlasnugerualy Suduwadnilanldesesnuiedszing 3.40

1182 3.70 Log CFU/g A 1MIUSAaITUAY 9.40 Log CFU/g

coo-

Q Q
H
HO HO 0 °

p-o-mannuronate (M)  o-L-guluronate (G)

OH -00C OH
G

c
) MMMMGMGGGGGMGM GGGGGGGGMMGM GM GGM

e e i s et e —— e ————i
M-block G-block G-block MG-block

Figure 3 The molecular structure of alginate. Alginate molecules are linear block co-polymers
of f-D-mannuronic (M) and a-L-guluronic acids (G) with a variation in composition
and sequential arrangements: (a) alginate monomers, (b) chain conformation, (c¢) block
distribution.

Source: de Vos et al. (2006)
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Bacteria Support used Continuous Special Diameter of  Application
phase bead
Streptococcus thermophile, 3% K-carragenan  Soy oil N 0.5-2 mm Yoghurt
Lactobacillus delbrueckii ssp. and locust bean
bulgaricus gum (2:1)
Streptococcus thermophiles, 3% K-carragenan  Soy oil N 0.5-1 mm —
Lactococcus lactis ssp. , and locust bean
Lactobacillus delbrueckii ssp. gum (2:1)
bulgaricus
Lactobacillus delbrueckii ssp. 3% alginate Vegetable oil 2% — Ice cream
bulgaricus with 2%  emulsifier
emulsifier added
Lacbacillus casei ssp. casei 3% K-carragenan  Vegetable oil N 1-2 mm Biomass
and locust bean production
gum (11:1)
Lactobacillus delbrueckii ssp. 3.6% alginate Vegetable oil 6% 30 um Frozen
bulgaricus containing 0.2%  glycerol dessert
Tween 80 or
mannitol
added
Lactobacillus delbrueckii ssp. 3% alginate Vegetable oil 0.5% 25-35 pm Frozen ice
bulgaricus containing 0.2%  sodium milk
Tween 80 lauryl
sulphate
added
Lactococcus lactis ssp. cremoris 2% alginate Canola oil Coated 50 um- Biomass
with poly- 1 mm production
L-lysine
Bifibacterium bifidum, 3% alginate Orn oil Added — Ice cream
Bifibacterium infantis containing 0.2%  glycerol

Tween80

N, no treatment
—, no record

Source: Krasaekoopt et al. (2003)

2.42 uile (Starch)

I a o 4 9 1 " v 9 o
LLﬂQLﬂUWﬂaLLWﬂﬂwﬁqiﬂ ﬂﬁgﬂ@‘ﬂﬂ'}ﬂﬂgiﬂﬁﬁﬁ'lﬂ ] “UHATUINDNUAIYNUDTS
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(Chain) @18a397i0 D- nglalws Tuads aenudiewuse o-1-4 Inaladan daunsdiu Ao

oz luTamadu Usznoudieng Inaidenuaroiuse o-1-4 wag a-1-6 Inaladan dmsy

[ A 4 a o < ] ] 4
resistant starch 1 uutleion lydinuasionu (Amylase) Tudr 1d1an ldansades1d 1iiesan

taaauiadung luledn TnsluTednamnsnir lu1FlumsnTylud 14 sil¥awrsona
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11 1 d' = a 9 9 S 1 A 1w 1w
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Twus Tugagiin aefiudioiuse a-1,4-1naladan vedruvesais Igaziivyumoagann
a a 4 ] a I [l g 4
dumeshenale (37001 QYT Y, 2549) (Figure 4) maauiluaivilsznevveileany wu
a 1 Y] 4 g 4
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n5e9aNdIteN I FnAAuINeNAUINaAN UN01115 e st uarsiilnawa lunaanan
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I i 0 0
ot OH COH COCH,
O = 0 H O u 0.y
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H OH H OH H OH H oH

Figure 4 The molecular structure of pectin

Source: http://www.gate2biotech.com/dictionary.php?word=177
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Figure 5 Idealized structures of the three types of carrageenan

Source: Relleve et al. (2005)
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Table 5 Positive and negative features of extrusion and emulsion

Factor Extrusion Emulsion
Technological feasibility Difficult to scale up Easy to scale up
Cost Low High

Simplicity High Low

Size of bead 2-5 mm 25 um - 2 mm

Source: Musikasang (2008)
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' y = = s A A A Ao
serinenszuaumstuleansuleaniy wad Ins luleanil lomaideadny

@ v o o Aq Y o Y o % A 9 s a < 1
milsveenvilu vazluwai ldnrunan M ldmivsaduaziveduaaanamsuialdued

A 3 o Y a = g’ < :/1 =) o Y o
Juuse agmsusgenuvai inanamiudaiimeuenuazaeluwaa Inaiiliaagn
09.1’ s 9 9 d?l A a = :l Jd o ya
azaeianeuenuazmelumadiduduay nienamsgadoiineluwas shildnenssy
o A A 1 < o a

marrarynaunelusadanas tazguugiinanasedniiaiilinai ldzadinanms

< a < A < Y a3 T A < =~ <
1AV tazinansventiesnnanudu 1d adrelsaan msusdenudsleansuuuusiaEa

@ a a [] [ o A a
nasnnan Ins luTedas Tezaesaduiuvearadnizin 1318 Magarifios tazamy
Y a A A a @ 4
(2007) l@AnumaauuuaiGeTns TuTeAnateWus Lactobacillus acidophilus La-5 a9lu
= d’d a o 9 [ a 9 1w

lorn3uniivsunalviiudesay 8 uaysns1MsANOINIA (Overrun) S08a% 108 WUI1BATINSG
50RTINV0N Lactobacillus acidophilus La-5 0830802 91.3 (521191 6.0 Log cycle) HAN13
naaen 1And e uNaves Hekmat 1ag McMahon (1992) Wy lean3uniyTuna vy
fovaz 12 uazdnTIMTANDINAT0BAL 106 31U Lactobacillus acidophilus NHFINAAD
1 Log cycle Uag Bifidobacterium lactis H9A31MII0ATINT0EAL 90.1 WUIHAIIANTHAN

lorn3u $11U Bifidobacteria anaddosaz 10 1INTIUIMFTUAY

4.3 NITVIUMSIANDINA (Overrun process)
a IS a = ) VTS
nszuaumsaneIme umsdvemanauadlulesniuililsunsves

=) A 42’ dyd 9 A Adda A a a

TosnFuminay nyzurumsiilinald Ins luTeAniilizdnanas iWeanniSinaueendioy
' v . 3 o 1 (Y Yy 9 a

HaEANUANANG (Redox potential)  (1udadINTABATIAVANUTNTUYDIDBNFIIN)
a A ' a {Aaa ' 3 o a 1 ]
Honsnane Iws luTeanniidialuszniemsulsgd uazmsinuine TnsluTedandaulng
I Y4 = g a =~ J oAy a ~
WueneWug Lactobacillus Wag Bifidobacterium §uilugaunigd lunguinanin1soonayauiie
<

v Y v
1ano9(Microaerophilic) “3ongui lidoIn1500nF19U (Anaerobic) A4t UBBNFIAUNTAT

E
1 4 ~ 1A

o 2 & o v Ao w ) o = A A ' da' 1
ﬂ’JHJG]NﬁﬂEJQQ %QLﬂuﬂfﬂ%EJ‘1/]€T1ﬂfgﬁ1ﬁ‘i‘U!L1Jﬂ‘VlL§EJGl‘LlﬂﬁiJ‘L! LLUﬂVILiEJGlUﬂQSJuLmﬂ@NiHﬂ

Q

J a

a A dA Y A~ A a [ :I Y J
Jaunsdndesnisorimeanianuaiusalunsiargeendgianlilillnirldedeauugel
1 o o . . @ Aa =~ 9 A (=) I Y a
UAdMSY Bifidobacteria Szu1MsgadUBOnTIUiiveense liliae Wlunalimsansendiou
' s a o y % oo oA a & ¢
Tiawugaidadulalasnuleseonled vazuvafiselunguilliausondaonla-
¢ 3 dlo & o @ o ¢ 4 ° :
azaziad suduwonlsinsuiudmsviiaielalasnuileseonlad Jailigmsazau

a 1 J o a2 . . .
T1TNY (BU G]gﬂ!ﬂﬁ]i’é)f]ﬂvl‘;]fﬂ Ll’éluhlﬂ’é]ﬂmiﬂﬂ’é]a (Superox1de anion radical; 02) uaz"laimmu
¢ ¢ 7o q Y s = = aw Yy v
nles-oenlud neluwaaiiisadarluiige anmsdnuivesnarsnnuiselauanale

< ' v a 9 o Yo A Adaa
UIDATINITIAUDINIATDYAL 106 -108 anlﬁ%1“3“1W51ﬂ1@ﬁﬂﬂuﬂfgﬁaﬂaﬂ (Lactobacillus



25
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1.3, uuanseduannes 1aun Escherichia coli DMST 4212, Salmonellas typhimurium

DMST 562, Listeria monocytogenes DMST 1327 ua& Staphylococcus aureus DMST 8840
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2. 911131a81Y0

RRETCIRE S vsHndwas/ Uszina
2.1 Agar Difco/ USA
2.2 Barid parker Difco/ USA
2.3 Bismuth sulfite agar Difco/ USA
2.4 Brain heart infusion Difco/ USA
2.5 Eosin methylene blue broth Difco/ USA
2.6 de man-Rogosa-Sharpe (MRS) broth Himedia/India
2.7 Lactose broth Difco/ USA
2.8 Lauryl sulphate broth Difco/ USA
2.9 Lysine iron agar (LIA) Difco/ USA
2.10 Nutrient broth Himedia/India
2.11 Plate count agar (PDA) Difco/ USA
2.12 Peptone Difco/ USA
2.13 Salmonella shigella agar (SSA) Difco/ USA
2.14 Selenite cysteine broth (SCB) Difco/ USA
2.15 Triple sugar iron (TSI) Difco/ USA
2.16 Tryticases soy broth Difco/ USA
Difco/ USA

2.1

7 Xylose lysine desaxycholate (XLD) agar
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3. M131Ail
GREIGYY 1n3Q V3HNARA/ Uszime
3.1 Bile salt Analytical Himedia/India
3.2 Calcium carbonate (CaCo,) Analytical Finechem/Australia
3.3 Calcium cholride (CaCl,) Analytical Ajax/Australia
3.4 Glycerol Analytical VWR International, England
3.5 Hydrogenperoxide (H,0,) Analytical Menesu/alsemalne
3.6 n-hexadecane Analytical Merk/Germany
3.7 Pancreatin from porcine pancreas Analytical Sigma/USA
3.9 Pectin Food Ajax/Australia
3.10 Pepsin form porcine stomach mucosa
Analytical Sigma/USA
(600 unit/mg)
3.11 Potassium dihydrogen phosphate
Analytical Rankem/India
(KH,PO,)
3.12 Sodium alginate Food Fluka/USA
3.13 Sodium cholride (NaCl) Analytical J.T. Baker/USA
3.14 K-carrageenan Food Ajax/Australia
3.15 Sodium taurocholate (TC) hydrate Analytical Sigma/Germany
3.16 Sodium taurodeoxycholate (TDC)
Analytical Sigma/Germany
hydrate
3.17 Sodium glycocholate (GC) hydrate Analytical Sigma/Germany
3.18 Sodium Glycodeoxycholate (GDC)
Analytical Sigma/Germany

hadrate
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4.14 19uRA8N 10T 24Gx1" Nipro/Thailand

ad
IBMI

v A N A a d'd A a
1. mmﬂnuazﬂmaammﬂmimmnmnﬂuqmﬁunﬂaﬂuiwﬂﬂaﬂn

1.1 MSUeNUUANSEanANIINUN
Y
MIMTUIAFBUUANIS SUANANIIAUNLUNZIIUIY 10 @981 1aZ UNIIIIUIU

@ 1 4 @ @ o w v o 2
10 A8 ﬂ1ﬂ7\|1§ﬂﬁluﬂﬂﬂﬂﬂﬁﬁﬂla11ﬂﬂu1G]’JE]EJN 25 Y MWL%’EJ%]1\1@9]}381’(,’(13@861181@]51,@18%-

a

aao lsatududosas 0.85 USu1a3 225 Hadans 4 1D1ABUVY ten-fold series dilution

udigaasazalei0e19l5as 1 Haaans Mnanmduduimzauu1iing pour plate

a

< A a A 2 ay = s 9 VoA
11&@11415LHN MRS NANINADUIATOYAL 0.1 LAZUADLKIUAITUDLUNTDYAL 0.5 YUNYUHYN

Y

[

= 0‘/ 09: A dd’d Y = 1
37 DRl WU 48 119 1nduaenIalalininelgaeuson uazlianyuz AnA 19N Y

dy o Y a = = <3 Y A A
AIMNITUNISLIAY NT%WiﬂDif!VI‘ﬁIﬂEJﬂﬁﬂlﬂ (Streak) UUDIMITUUY MRS i]ullﬂiﬂiﬁum&?]‘ﬂ



32

4

a =~ 09/’ ) 9 4 A Y as 9 A = 1 Yy v 4
UIENT NDUUNMNTIDULEAAUUANITYAIYITNITIDNLNTY LWfJﬁﬂ‘]sJ1§,ﬂ51ﬂﬁl§lﬂaﬂﬁﬂaﬂiiﬁu

= =)

Y
Y] 9 4
AamonmmizuuanGeunsuuIn niunageumsaiueu lsinzaziaalasld laTasmu
P o iy o ¢ g A A
oesoonlad aataenmniz le Tsann luadrueulsiazaziae uazinuysnuenldlu

= 9 A a = g & =
NAYIDRIDYAE 20 NnYUNHnY -20 ONAH ALY UASUUDINITIAULTDLUUULD YN (Slant)

v
a =

~ A 9 q’/’ 1
Ngungil 4 esruxaiFod o ldnaaeulutuae i)

1.2 mynagevgaantamailulnslulefniesduluriaeanaass (in vitro)
Gl tﬂy =S A o 4
1.2.1 MIw3suFeuuanGEed1iunagol
1 dy ~ Y 9 A g = 9 Aa aa a
mo¥enuenldlude 1.1 Mnulundiseseasosaz 20 Haaans Ysuias
0.4 iaaans asluomsmad MRS 151103 4 Hadaas vuNgungil 37 oaruwaied WU 24

o o o A a ¢ Y o a < A q gy ad 4
G])")IIN NMADIATI LNDAUFANINLEAD LUAIUINIVAVUUDTIHITHUI MRS LW@iﬂVlﬂTﬂIaulﬂﬂqﬂ

a

a = ) ~ A ~ Y a a aa 1A
UIND uﬂaiaummw%maaﬂummimm MRS 1U5u1a5 4 Hadans UUNYUNYY 37

U

o 3 Jd v o a a aa
E]\‘lﬁ’llclfﬁlé]ﬂfﬁlﬁ UIU 24 (’]5'3111\3 Fl]']ﬂuu@‘ﬂlclfaaclfﬁlwu%u “]_Iﬁll']ﬁﬁ 1 Uaaaasg ENGlu eppendorf

v
A [}

Aa aa 4 Y ) { P < 1
YUIA 1.5 Uaaaasg W’luﬂ’lﬁ‘ﬂﬂl%@uaﬂ mmm%mmecﬁaaﬁmmgi’g 8,500 5@1J§51E]u'lﬁ

=

~ A ~ A Y o 7Y S Y Y
Nouwgll 4 osruyaBed w1y 4 WA Aeduvadaleasazate Imdsuaas lsadudu
Y 3 qu o va I a [ dy
$ovaz 0.85 apanse Minwi linageuauauiamaiuins luledn asll
1 4 a
122 managauanuasolumsnuaeniauaziou lsdnlldu
[ 4 a I
msnaaeumsnuasnsavazou lsinldsu Wumsnagouanuainsnlu
1 A A = A

MsegsonvanuanFeluaniisideunuudnIizvednssinizoImIsniunsanas

4 a [ A a
Heulain/ gy TasdauaininiTn1sves Wang Hazame (2010) ANAI5AZAY phosphate

H [} 1 4 a
buffer saline (PBS) NUSumiordle 1 M HCI 1oy 3 uaz 2 uaziiou lyinldsuniy
Aa a o 1 A Aaa o a @ 1 {

Wty 3 Haansuaeianans (oulsnlUsu 1800 univml) ¥vod10619 adlunuanGenla

]

9 v
1nde 1.2.1 ihllislusrahinugueungil Nguvgll 37 ewruvades udinsiaaeu

J

o Anaa A M) Aax < a

NUIUEAANUFIANLIAT 0 Uag 3 G])"JTJN Iﬂﬂ')‘ﬁfﬂ'i drop plate UYUBIMITLUI MRS 101U
~ J 9 o g/ o 1 aa Y ~

UAALKIUAITUBIUATDYAE 0.5 NINITNAADY 2 K1 ﬂTl!’Jil!ﬂ”lﬂWiﬁ@ﬂ‘b"JﬂTﬂﬂﬂlclfﬁllﬂTi‘Vl 1

v 9
udadaidonle Taaniiimnmsseatiageniiesas 50 lunadeuludude

logCFU/ml at 3 hr y

100 e ﬁiJﬂﬁ‘ﬁ 1
logCFU/ml at 0 hr

Survival (%) =



33

9
1 ° J a
1.2.3 ﬂ131/1{91?(%ﬂamﬁm131:1611.!mﬁ‘wu@mmﬁ’auﬁuazmu"l%umuﬂ?mﬂu

9
A o

1 J a [
mﬁﬂﬂﬁ@ummmmmium31/1u@1’e‘]Lﬂaamﬁuazmu%mwuﬂ?mﬂu nJu
' A A A A ° Y3 A
ﬂ13ﬂﬂﬁ€l‘ﬂﬂ'ﬂuﬁ1u15ﬂ1uﬂ13@§3’0@‘1]ﬂ\1l1‘ﬂﬂ1/]liEJGIleﬁfﬂ’)g“I/]LafJu!L‘U‘UﬁﬂTJ%“UfNaflﬁLaﬂﬂ
=\ A oy = L4 =y a [V an
1JlﬂﬁfJUWQLLﬁg!fJull“BN!WHﬂﬁL@GIU Iﬂﬂﬂﬂllﬂaﬂ‘ﬂWﬂTﬁﬂTﬁﬂl@ﬂ Wang uagame (2010)
- A o - 9 Y A a A g’ = Yy 9
WMUFITaZa18 PBS VITJTUﬂTW!’E)‘]fﬂ'J‘(’J 1 M NaOH Glfl’iiJWLfJ“b’ 8.0 LANNADUIAANNLVNUY

Y 4 aa 9 9 a Aa o 1 A Aaa == d‘
I0yar 1 Uy 2 uazmu"lcumwuﬂimummmmu3 Haansuaedaaans avluuuaisen

] v
1 o a

v A 9 Y = Jou 9 0 ' ' Y
ﬂma@ﬂllﬂiﬂﬂ"llﬂ 1.2.2 NATUMTIRTINLEaaAdUD 1.2.1 m"lﬂw“lumqmmmuqmwgu a7
o JAAAAa A ) an <
ATIVFADUIIUIUKAANUBINNIAN 0 1Lag 4 "]51]111\1 Iﬂﬂ’l‘ﬁﬂﬁ drop plate UUDIHI1TLUI MRS
A a = J Y o :’ ° ' aa 9y A
NAVLAALBINAITUDIUATRYIAY 0.5 NINITNAADY 2 K1 ﬂWu’Jmﬂ1ﬂ'liiE]W]ﬂ@]Tﬂﬂi“]5ﬁ3Jﬂﬁ“l/] 2

H Y
Aadon loTmaniinsseadinganindesas 50 linaaeuluduae il

logCFU/ml at 4 hr v

S . 1 (y =
urvival (%) logCFU/ml at 0 hr

1.2.4 ﬂ1§‘1/1ﬂﬁﬂ“]_lﬂ’JHJ’?Hll15’0Gl‘LlfHTI/I‘L!G]Iﬂﬁﬂ13$£§ﬂullﬂﬂﬂ1ﬂlauﬂ1ﬂ1i
A

UUUNBDLIUHBDI
MSNATIUANINAINITO IUNITNUABENIILIAYULUUNINUAUDINIS
LL‘U‘]MIEJLﬁ’EN Tagisuannagounua1Isa lunsnuaean1Iznsa Llé}iﬁnﬂﬂﬂﬁﬂﬂﬁlﬂiu
= oyd a ~ [ 1A 9 9 P =\
gnznaeiig lao@uaisazale PBS nUsumnewaiedls 1 M HC ey 2 wagl

A A

4 a 9y 9 A a o 1 A Aaa d‘w = Y Y ]
Lau”l«vmﬂﬂ%ummwmu 3 gaansuaelaaans asluuyuani ﬂﬂﬂﬂlﬁ@ﬂulﬂsllﬂ 1.2.3 HIUNIT

J o ° ] J gl A A a
wIomaasaste 1.2.1 i lldulusraihniuauguugl Nguvgll 37 esruwsaifod uIw

]
= a

o ! < 1
3 42T Hd MU IBNIada28n 1151 8,500 ToURBUH Ngungll 4 serusaFoa

a

[ v

=1 Y v 4 I 1 1 ~ o o s AAA A
U4 WA udwusadeondu 2 a1 dauh 11 laseasuinusaaniaianman
M ag [ A a = 4 Y
0 taz 3 $21u9 IaeATN15 drop plate UUDIMITUUI MRS NiAuLAQIFINAISUBIUAS 08 0.5
Y 1 v
MMINAaod 2 $1 AMuIuAINsIoarialasldaumsn 1 uazadiui 2 wua1sazals PBS
A (o = Y Y A a A gl = Yy 9 9 t4
nsuaierals 1 M NaOH 1¥ufiey 8.0 @unaoiaanuduiusosas 1 uazou lal
Y v
munasauaNuIndy 3 Jadnsudedaaans i luvlusinihnivgugungil Ngumgi 37
= Y o JAANA A ) an
DIANFATOE LAINTIVTOUIUIUFAaNNFIANIAT 4 F21ue 1aeI5n15 drop plate
< A A 4 o 3’ o J
VUDIMITUIY MRS NMANLAAToUATUDIUAS08aZ 0.5 K1NTNAADY 2 F1 AIUIUAINITION

] v Y
Fialaeldaunish 3 udrdadonleTaaniiinsseasinganidesas 50 linadeuludu-

wo 'l

logCFU/ml at 7 hr y

100 e ﬁcmmiﬁ 3
logCFU/ml at 0 hr

Survival (%) =



34

1.2.5 MInaaeU cell hydrophobicity (Ocana et al., 1999)
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Table 6 Concentration of sodium alginate and sucrose used as supporting material for

encapsulation of probiotic

Concentration of supporting material (%)

Treatments
Sodium-alginate Hi-maize Sucrose

Al1-0 1 2 0
A2-0 2 2 0
A3-0 3 2 0
Al-5 1 2 5
A2-5 2 2 5
A3-5 3 2 5
Al-10 1 2 10
A2-10 2 2 10
A3-10 3 2 10

Note: A = alginate
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Table 7 Concentration of pectin and sucrose used as supporting material for encapsulation of

probiotic
Concentration of supporting material (%)
Treatments
Low methoxy pectin High methoxy pectin Sucrose

LP-0 5 0 0
LP-5 5 0 5
LP-10 5 0 10
HP-0 0 5 0
HP-5 0 5 5
HP-10 0 5 10
MixP-0 2.5 2.5 0
MixP-5 2.5 2.5 5
MixP-10 2.5 2.5 10

Note: LP = 5%low methoxy pectin, HP = 5%high methoxy pectin, Mix P = 2.5% low methoxy
pectin + 2.5%high methoxy pectin

Table 8 Concentration of K-carragenan and sucrose used as supporting material for encapsulation

of probiotic
Treatments Concentration of supporting material (%)
Carrageenan Sucrose

C3-0 3 0
C3-5 3 5
C3-10 3 10
C4-0 4 0
C4-5 4 5
C4-10 4 10

Note: C = carrageenan
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Table 9 Ingredients of vanilla ice cream

Ingredients Ratio (%)
Cream (35%) 25.6
Skimmed milk powder 10.2
Sugar 12.0
Carboxymethyl cellulose (CMC) 0.8
Water 51.4

Modified with vanilla and cream aroma -

Source: @UINT gIand (2544)
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Table 10 Number of bacteria isolated from cow and goat milk

Samples Source of sample Number of sample Number of isolated  Total isolates
Sadao 4 50

Cow milk Hatyai 3 20 100
Chana 3 30
Sadao 6 60

Goat milk Hatyai 2 20 90
Chana 2 10
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Table 11 Number of lactic acid bacterial strains isolated from cow and goat milk

Number of LAB strains

Samples

Cocci Rod Total strains
Cow milk (CM) 1 53 54
Goat milk (GM) 43 11 54

Total strains 44 64 108
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Figure 6 Survival rate of selected lactic acid bacteria isolates after exposure to simulated
gastrointestinal tract condition at 37 °C.
SGJ = simulated gastric juice containing 3 mg/ml pepsin for 3 h.; SIJ = simulated small
intestine containing 3 mg/mi pacreatin at pH 8.0 for 4 h; GIT = simulated
gastrointestinal tract condition (gastric juice containing 3 mg/ml pepsin for 3 h and

small intestine containing 3 mg/mi pancreatin at pH 8.0 for 4 h)
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Figure 7 Adhesion ability of selected lactic acid bacterial strains to n-hexadecane. The bacteria
cultures were suspended in 1 M PBS pH 7.2. The error bars represent standard deviation
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Table 12 Inhibition of pathogenic bacteria by selected lactic acid bacterial strains using

agar spot test

Mean + SD of radian of inhibition zone (mm)

Isolate

Escherichia coli Salmonella typhimurium Staphylococcus aureus Listeria momocytogenes
GF41 57+04° B 2.5+0.2° B
CcM7 41405 B B B
CMI5 63+1.2° B 2.5+0.5° B
cMm21 6.4+09° 35+04° 52403 34+09"
CM46 52412 B 24+02° 1.2403°
CM47 8.6+0.3" 54+0.1° 46+0.7 3.7+0.0°
CMS53 9.7+08" 5.1+0.0° 76+02° 3.140.0%

Values are given as mean£SD from triplicate determination.
“* Different superscripts in the same column indicate significant difference (P<0.05)

- No inhibition zone detected
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Escherichia coli Samonella typhimurium  Staphvlococcus aureus  Listeria monocytogenes

Figure 8 Inhibition of pathogenic bacteria by selected lactic acid bacterial strains using

overlay assay
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Table 13 Bile salt hydrolase activity of selected lactic acid bacteria

Bile salt hydrolase activity*

Isolates

GC GDC TC TCD
CM21 + + - -
CM47 - + - -
CM53 + + - -

*The formation of opaque granular white colonies/ the formation of precipitate halos around
colonies.

GC: glycocholic acid sodium salt; GDC: glycodeoxycholic acid sodium salt; TC: taurocholic acid
sodium salt; TDC: taurodeoxycholic acid sodium salt; +: indicates bile salt hydrolase activity; -:

indicates the absence of bile salt hydrolase activity.
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Table 14 The probiotic properties of selected lactic acid bacteria

Probiotic properties

Antimicrobial activity

Isolates Survival at GIT BHS activity
Hydrophobicity (%) Radian of inhibition (mm)
o) EC ST SA LM GDC GC TDC TC
CM21 61.2 14.961 6.4 3.5 5.2 1.2 + +
CM47 59.8 2.013 5.2 5.4 4.6 3.7 +
CM53 55.9 8.317 9.7 5.1 7.6 3.1 + +

EC: Escherichia coli, ST: Salmonella typhimurium, SA: Staphylococcus aureus,
LM: Listeria monocytogenes

GC: glycocholic acid sodium salt; GDC: glycodeoxycholic acid sodium salt; TC: taurocholic acid
sodium salt; TDC: taurodeoxycholic acid sodium salt

+: indicates bile salt hydrolase activity; -: indicates the absence of bile salt hydrolase activity
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Lactobacillus pentosus JCM1558"(D79211)

Lactobacillus plantarum subsp. argentoratensis DKO 22"(AJ640078)

Figure 9 Neighbour-joining tree comprising 16S rRNA gene sequences of strain CM21and related

Lactobacillus sp. Bootstap values expressed as percentages of 1000 replications (greater

than 60% are shown at the branch points). Bar, 0.01 substitution per nucleotide position
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Figure 10 Neighbour-joining tree comprising 16S rRNA gene sequences of strain CM47 and

related Lactobacillus sp. Bootstap values expressed as percentages of 1000 replications
(greater than 60% are shown at the branch points). Bar, 0.01 substitution per nucleotide

position.
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Figure 11 Neighbour-joining tree comprising 16S rRNA gene sequences of strain CM53and
related Lactobacillus sp. Bootstap values expressed as percentages of 1000
replications (greater than 60% are shown at the branch points). Bar, 0.01 substitution

per nucleotide position.
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Figure 13 Photographs showing the characteristics of 5% low methoxy pectin (A) and 2.5%
low methoxy pectin +2.5% high methoxy pectin (B) beads with 0 (a), 5 (b) and

10% (c) sucrose by extrusion technique

Figure 14 Photographs showing the characteristics of 3 (a) and 4% (b) carrageenan and 10%

sucrose by extrusion technique
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Figure 15 Scanning electron microscopy pictures of alginate containing 2% Hi-maize (A), pectin
(B) and carrageenan containing 10% sucrose (C) beads. Morphology of bead at a
magnification 100x (a), bead loaded with Lactobacillus plantarum CMS53 at a
magnification 10,000x (b) and higher magnification view of encapsulated
Lactobacillus plantarum CM53 at a magnification 30,000x (c).
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Figure 16 Structure of outer surface of 3% alginate (a) and 5% LM- pectin containing 5% sucrose

(b) and 4% carrageenan beads (c). Magnification of all pictures is 20,000x.
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*“ Different superscripts indicate significant difference (£<0.05).
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Figure 18 Survival rate of encapsulated Lactobacillus plantarum CM 53 during ice cream
hardening (-20 °C) for 48 h., 2%alginate containing 0 and 5% sucrose (2A0S and
2A5S respectively), 3% alginate (3A0S), 5% low methoxy pectin containing 0, 5 and
10% sucrose (LMOS, LM5S and LM10S respectively) and 2.5% high methoxy pectin
with 2.5% low methoxy pectin containing 0, 5 and 10% sucrose (HLMOS, HLM5S and
HLMI10S respectively)

““ Different superscripts indicate significant difference (P<0.05).
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Figure 19 Charecteristic of beads before exposure to simulated gastrointestinal tract condition (a);

after expose simulated gastric juice (b) and after expose simulated small intestine
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Tablel5 Effect of encapsulation on the survival of Lactobacillus plantarum CMS53 during

exposure to simulated gastrointestinal tract condition for 7 h

Survival (%)

Encapsulating material Sucrose (%)
SGJ S1J

0 89.61 +0.15° 89.07 + 0.49"
2% alginate

5 89.22 + 0.60° 87.06 +0.76°
3% alginate 0 92.99 + 1.24" 91.13 + 1.38"

0 96.23 + 4.84" 86.07 +0.36°
5% LM-pectin 5 96.40 + 1.94" 89.76 + 0.64"

10 94.86 + 0.48" 86.17 +1.97°
2.5% low methoxy pectint 2.5% high . ‘

10 69.55 + 0.23 69.85 + 0.95
methoxy pectin
Free cell 0 69.82 + 1.26° 69.17 +0.11°

Values are given as mean£SD from triplicate determination.
““Different superscripts in the same column indicate significant difference (P<0.05)
SGJ: simulated gastric juice (pH 2.0 containing 3mg/ml pepsin); SIJ: simulated small intestine

(1% bile salt containing 3mg/ml pancreatin, pH8.0).
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Figure 20 Releasing of Lactobacillus plantarum CMS53 from alginate beads in simulated small
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““ Different superscripts indicate significant difference (£<0.05).
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Table 16 Effect of freezing and hardening on total viable count of Lactobacillus plantarum CM53

in ice cream

Total viable count (Log CFU/g)

Initial cell After freezing After
Ice cream hardening
Control 8.68+0.14"  819+0.10"  7.46+0.32°
3% alginate beads 8.82+020"  871+020"  857+0.11"

5% lom methoxy pectin with 5% sucrose

8.68+0.12"  825+0.04”" 825+0.02"
beads

Values are given as mean+SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (P<0.05).

“Different superscripts in the same raw indicate significant difference (P<0.05).
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Figure 21 Effect of frozen storage (-20°C) for 8 weeks on the total viable cell of free and
encapsulated Lactobacillus plantarum CM53 cells added in ice cream before freezing.

“* Different superscripts indicate significant difference (P<0.05).
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Table 17 Effect of hardening on the total viable count of Lactobacillus plantarum CMS53 in

added ice crean after freezing

Total viable count (Log CFU/g)

Ice cream

Initial cell After hardening
Control 8.81 +0.20"" 8.17 +0.09™
3% alginate beads 8.92 +0.96" 8.66+0.76""
5% low methoxy pectin with 5% sucrose beads 8.78 +0.05"" 8.04 +0.22"

Values are given as mean£SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (£<0.05)
“Different superscripts in the same raw indicate significant difference (P<0.05)
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Figure 22 Effect of frozen storage (-20°C) for 8 weeks on the total viable cell of free and
encapsulated Lactobacillus plantarum CM53 cells added in ice cream after freezing

“* Different superscripts indicate significant difference (P<0.05).
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Figure 23 Charecteristic ice cream supplemented with free cells (a) and cells encapsulated with

alginate (b) or pectin (c).
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Table 18 Physical characteristics of probiotic fortified ice cream

Color Melting rate (%)

Treatments  Overrun (%)
L* a* b* 15 min 35 min

ab

Control(1)  32.73£4.99"  94.53+0.41°  -0.25+0.06 10.7840.48"  13.34+4.17" 21.24+2.75"

ns

Control(2)  37.00+9.11 94.80£0.53"  -0.39+£0.16"  11.39£0.90°  13.72+3.22" 21.88+2.02°

ab

Alginate(1)  33.65£7.91"  88.44+1.93"  -0.94+0.36°  13.10£0.72"  14.83+3.03" 28.17+0.80
Alginate(2)  37.66£9.56"  89.33+2.40°  -1.58+0.48"  13.78+0.50"  13.68+1.82" 23.87+1.84°

ns

Pectin(1) 35.83+4.06 87.91£1.90°  0.19+0.13"°  10.44+1.16"  19.85+5.00™ 34.50+7.99"

Pectin(2) 33.7944.71"  87.99+2.12° 0.30+0.37" 13.6740.60°  19.72+2.50™ 31.95+2.52°

Values are given as mean+SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (P<0.05).

"Different superscripts in the same colum indicate not significant difference (P>0.05).

Control: free cells; Alginate: cells encapsulated with alginate; Pectin: cells encapsulated with
pectin

(1): Lactobacillus plantarum were added to ice cream after freezing; (2): Lactobacillus
plantarum were added before freezing
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Table 19 Total viable count (TVC), Escherichia coli (EC), Staphylococcus aureus (SA),
Salmonella spp., Bacillus cereus (BC) and Listeria monocytogenes (LM) count in

probiotic fortified ice cream

Ice cream TVC (CFU/g) EC (SA) Salmonella spp. (BC) (LM)
Control(1) 3.7 x10° ND ND ND ND ND
Control(2) 2.5%10° ND ND ND ND ND
Alginate(1) 3.2x10° ND ND ND ND ND
Alginate(2) 3.5x10° ND ND ND ND ND
Pectin(1) 2.7%10° ND ND ND ND ND
Pectin(2) 4.7x10° ND ND ND ND ND

Values are given as mean+SD from triplicate determination.

Control: free cells; Alginate: cells encapsulated with alginate; Pectin: cells encapsulated with pectin
(1): Lactobacillus plantarum were added to ice cream after freezing; (2): Lactobacillus plantarum were
added before freezing; ND: not detected.
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Table 20 Sensory evaluation of beads fortified ice cream

Overall
Ice cream Appearance Color Texture Flavor Taste
acceptance
Control 7.80 +£0.81° 7.70 +£0.65" 8.03 +£0.72° 7.83 +£0.65" 7.83 +£0.65" 7.93 +0.69"
Alginate b . b b b .
6.63+1.25 7.33+£0.92 6.40 £1.13 7.13 £0.94 7.17 £0.83 7.17 £0.59
beads
LM-Pectin ) . X . . .
6.07 £1.53 7.33£0.66 6.47 £1.28 7.10 £0.80 7.17+£0.95 6.83 £0.70
beads

Values are given as mean+SD from triplicate determination.
““Different superscripts in the same column indicate significant difference (P<0.05).

"Different superscripts in the same colum indicate not significant difference (P=20.05).
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1 M Phosphate-buffered saline (PBS) pH 1, 2, 3.0, 7.2 ttag 8.0 (Ruiz-Moyano e/ al.,

2008)
1. Sodium choride 9 NFU
2. Na,HPO,x2H,0 9 NTU
3. KH,PO 1.5 3w

Y '
Wenslude 1, 2 uaz 3 wazareluiihngu Usuismasldidy 1,000 Tadans
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on lyg
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2.1 MRS (de Man Rogosa and Sharp)

Dextrose 20 NTU
Proteose peptone 10 N
Beef extract 10 N3
Sodium acetate 503U
Yeast extracts 503U
Dipotassium phosphate 2 N3N
Tween 80 1 nN5u
Ammonium citrate 2 N3N
Magnesium sulfate 0.10 N5W
Manganese sulfate 0.05 NSW
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2.2 Brain Heart Infusion broth (BHI)

Calf brain, infusion from 200 NN
Beef heart, infusion from 250 NS U
Proteose peptone 10 NSu
Dextrose 2 N3N
Sodium chloride 505U
Disodium phosphate 2.5 03U
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2 g d
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3.3 MINATIZH Escherichia coli 19935 MPN a1125999 AOAC (2000)

4 Y
3.3.1 mwmﬁw%uazmiazmaﬁm%’m%mq

1. gazare)dTau anudududosas 0.1
Y Y
2. 0111510891%0 Lauryl sulphate broth

3. 9111510891%0 Eosin methylene blue (EMB) agar
4. 9IMN31ALAUFO EC broth
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(1) MINTIUAIDE
(1.1) Fadr0e19 Toansuun 25 sy weadeasazae)d Iauilsung 225
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< 1 Y v Y Y Y v .
2.3) 15udeso (Needle) WoB01NadARasUFoN iNaUIN (Positive)
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Y
TaTafl a1y Tryptone broth ud2unlue1thAILANGUNYN 44.5 + 0.5 DA
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o da ,
HRIUNUAINKT (red ring)
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U 4 d v d
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Y v [
(4.3) Voges-Proskauer test 1agtiusoNdoasdoaslu MR/VP broth LU
~ I o
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o 9y 1 9 . . Yy 9 9
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v v
a1l 2 viea e 1miendu 7193 10-15 WA Funamslasudueanins
3 A I
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Y v
(4.4) Citrate test ﬁn%ﬁéfmmﬁﬂ streak YUHIVDY Simmon’s Citrate agar

oA =~ < o [ A =
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Aa A A Y & . = A A d?
PIMITUATNITIYVOINUANTY 0UTY Ecoli  dwNUUANGTOUY 1Az
= A I = gl a
o1silasun@ e ntuainieu

(5) TNUHaMINAdoUN laidlua1 MPN 404 E. coli Tudinegna lodansn 0.01

[

n3u
3.4 MINATIEHMN Staphylococcus aureus AMATUDI AOAC (2000)
Y Y
3.4.1 :IM31A0UFOLALEITAZAITINT VI
(1) arsazanaTau anudutuiosay 0.1
. A a a s Yy Y Y
(2) Trypticases soy broth nauTwaeunae lsannududusosas 10 (TSB-
NaCl 10%)
(3) Barid parker agar 1A% egg yolk tellurite anuduTusovas s
(4) BHI broth
ada r'd
3.4.2 I5 AT ITH
(1) Hid1061919fANTN 25 SN 190 1drea1Tazaen)d TauilSuiag 225
Jaaans
@ I Aa A A B < 4
(2) QAENIALABAIDINNNANNITOIN 1: 10 130 (107) a3lUDIMITABAUTO
trypticase soy broth N TmAsunaslsaanududuiosas 10 Ysuas 10
Hanans

a

() vh ldiufigungil 37 + 1 essuwaFod 1flunan 24 - 48 $2Tug udninn

U

VAVUD1H15 Baird parker Medium NAN egg yolk tellurite ANWANTUTD8AE 5

o oA a =\ I )
i luigungil 37 osriwaidod 1una 18 - 24 ¥ Tua

QU

v
aA

[ o ] -4 Aa a
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19 &£~ Y = 3 =
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=

Y 1
(5) meren IaTatinianyuzaade 4 aalu BHI broth 151105 0.5 Uadans

= =

o [ 4 I~ o
$1U9U 2 ¥apa UNNQUHYL 37 + 1 oarusaiFod 11unal 18 - 24 42 Tug

U

(6) NATDY Coagulase test 1asN15Uila plasma 311U 0.5 Haaans adlu

a =

l Y v
1413 BHI broth NiiFeegue1lddin tunguvgi 37 = 1 essuasaiFod

U

J g; a <Y @ 1 {
Glumqmmmnqmwgn NTIVHOUNITUUIAIVDIplasma ﬁmmium%um

) I
2,4 1uay 24 GI)"JIﬂN NITITYITUAA SWNﬁﬂﬁﬂﬂﬁ'@U coagulase L‘]Jll”U’Jﬂ 61,1’9{
Y

1 dy 1" W v = o 9 A A AAo
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Y
Mo 4 vTeWAaNINATDUcoagulase test negative 318914 JNUIFe
S. aureus #9A108719 loANTN 0.1 AT
a 4 A
3.5 MIAATIEHN Salmonella sp. 1aeI5U9I AOAC ( 2000)
< &
3.5.1 IM510891TD

(1) Lactose broth (LB) aAnudindusosas 0.5
(2) Selenite cysteine broth (SCB)
(3) Salmonella shigella agar (SSA)
(4) Bismuth sulfite agar (BSA)
(5) Xylose lysine desaxycholate (XLD) agar
(6) Triple sugar iron (TSI) agar
(7) Lysine iron agar (LIA)
3.5.2725Ms
(1) Pre-enrichment
(1.1) Fadr0e19losnuan 25 NS AN LB anudududovay 0.5 Usias 225
iaaans el

a =

(1.2) v'luigangd 35 + 0.5 ssrusaidod Wuna 24 21

(2) MINTIINY Salmonella sp.

(2.1) Selective enrichment
2.1.1) Tlaareensunas 1 Haaans MATUADY Pre-enrichment aql
SCB U51103 10 Uaaans
(2.1.2) Wl Tusnauguegmwgi 35 £ 0.5 seruvaFod e 48
$1Taq

(2.2) mamziaely selective agar
(2.2.1) Streak L%ﬂamﬂﬁumu selective enrichment medium W UWIZAIVY
SSA, BSA tag XLD agar

a =

(2.2.2) W ltiufgamvail 35 + 0.5 serusaioa ifunan 24-48 $2Tu

U

P4
=2 Y]

(2.3) a57298nyue Ia ladMnavuail

e

(2.3.1) 91113 SSA: InTailues Salmonella sp. Av TNT nTosuYBOY
19l lalildgansanan

Y 2
(2.3.2) 81115 BSA: 1alafl Salmonellae sp. 92T NDIA V19ATS

9
o

=\ ~ Y A
0193 Ia latlazNounas 01115500 9 lalailudiieia
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(2.3.3) 81113 XLD agar: 1aTatlues Salmonella sp. Ao dzAATUH VN
Talatuiigansanais
3.5.3 MITUUNLAZNTNATOUN T UAL
A prgai 1
(1) onmwz Ialaunmadndu Salmonellae sp. 1INDINT SSA, BSA 1ag
XLD agar 0188313 TSI a2 LIA agar 10# streak a9UUAINEN (slant) 18T stab
=< 9
IWDINUTIADN

a =

@ i lthinfiguvigil 35 + 0.5 esruwados funa 24-48 52T
(3) ANVULIANIZYDI Salmonella sp.é]"ﬂ‘ﬁy
(3.1) TSI agar: %zwuﬁumﬁ slant (amwrﬂuﬂ'n) HaznUdMa0d butt (udJu
nsa) omaziimsadialelasnudalvaals Taodunadsives butt Fuily
ANYVULINNIZVON Salmonellae
(3.2) LIA: ﬂzwug§agﬂ§m1ﬁﬁqu§gamﬁmazmmaﬂum 91992991
vaoa 11 lalasouda ldazviududd
3.6 MINATIEWH Bacillus cereus (BAM, 2002)
3.6.1 OMTIABAED
(1) Mannitol-egg yolk-polymyxin (MYP) agar
) myazaenemnaiimes
3.6.2 MILATINAIDY
(1) HFai10613 qaz 25050 wuasazareveaaiiinesisuag 90 iadans
udaiugrennuiadiiuna 1 i ilddeia 3 udidu 30 i
@) Wmsdevalmidy 1:10, 1:100 waz 1:1,000 area1sazarevodvle
Wil
3.6.3 NSATIVUY Bacillus cereus
(1) 1A583 MYP agar 1Nadtnan mmfug@ﬁmsinﬂ?mm 0.1 Uaadng spread
YU MYP agar

) 111 und 30 £ 0.5 seruaiBea 1Hunal 24 + 2 $2 119 Funadnye

= C=

= [ aA 9 Y] o Oaj
501 9 Ialatlazyu TaglaTatil@suy Tunnwa nseunuimaaauTy
ao 'l
3) Welalatinasdsnindes 2 $1u2u 5 Talatinedd0d19 alu Nutrient agar

dy dy Y Y dy a = I
slant LaENL“IYE)I@EJL"U1%}‘]J3JL%?J?]’J‘]JQ3JQGHTQ3J 30 + 0.5 p9FusaLsY Lﬂunm
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[ Y 1
24 2 %1 Tug miuasndou Taemsdoudunsuiiogansme 1ag B. cereus
I 1 09; [ 3 '
doatluunsuuan JUveudunsosnGosasiuilu s
=\ £ % P 1 dy )
(4) w3sunavaFIUITYaITasaeNoaativiosnrIuMINIFDIIUIN 0.5
k4
1aaans E19108139878 vortex NAAVIUTUEU a1 Nitrate broth, Phenol

red glucose L10¢ Modifide VP medium

4
3.7 MIATIVEAOULYO Listeria monocytogenes (BAM, 2002)
dy Ay =
3.7.1 D11 UBDLDSTTIAY

(1) Demi Half Fraser Broth
(2) ALOA
3.7.1 35mM3a59d01

(1) ¥992908719 25 NN 1d U 225 Yaaans Demi Half Fraser Broth NANAI9819
Y A a =] d,; ~ a ~ I
A181AT04 Stomacher 30 IUIN UVMIWIZIFON gaINI 30 DARTAITY 11U

U 24 ¥ 119

A Fl

a o 1 a Aaa { 9
) Tlaa9819011115 0.1 Hadans Nnuuuadlude 131 Spread LUBINT

a =

ALOA 1uNgavifil 37 0aauaaiifod U1 48 43 119

U

v
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Table 21 Adhesion ability of selected lactic acid bacterial strains to n-hexadecane

Isolate Adhision to n-hexadecane (%)
GM41 14.194+0.423
GMS52 0.759+0.405
CM7 10.237+0.552
CM15 11.925+0.022
CM21 14.961+4.693
CM46 8.248+0.224
CM47 2.013+0.080
CMS53 8.317+1.364

Values are given as mean£SD from triplicate determination.

GM: Isolats obtained from goat milk; CM: Isolate obtained from cow milk.



112

Table 22 Effect of supporting material on encapsulation efficiency of Lactobacillus plantarum-

CM53
Sucros
. . e LogCFU/g
Supporting material EE (%)
%) After
’ Initial cell encapsulation
0 10.80 +0.02 8.08 +0.01 74.89 £0.11%
1% alginate 5 10.96 0.16 8.69+001  79.34%1.14°
10 11.57£0.18  9.05+025  78.29+3.02"
, 0 11.33+0.12 9.88+£0.02  87.22+0.77"
2% alginate
5 11.78 £0.13 10.95+£0.63 92.94 +5.02°
3% alginate 0 11.53 +£0.03 10.75+1.10  93.60 +5.72°
0 12.14 £0.40 10.95+0.50 89.37 + 3.58"
5% low methoxy pectin 5 11.80 +£0.04 10.95+0.50  92.85+3.92°
10 11.45+0.13 10.28 £0.02 89.86+1.17°
0 13.00 £0.55 11.84 £0.05 90.99 +3.87°
2.5% low methoxy+ 2.5% high methoxy a
. 5 12.59 £0.20 10.99 £0.08 86.50 +4.09
pectin
10 13.03 £0.56 11.51 £0.06 88.88 + 1.37"
3% carrageenan 10 11.37+0.17 7.83 £0.04 68.88 +1.37°
4% carrageenan 10 11.60+ 0.09 7.96 £0.03 68.62 + 0.66°

Values are given as mean£SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (P<0.05).
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Table 23 Survival of encapsulated Lactobacillus plantarum CMS53 during exposure to ice- cream

hardening at-20° for 48 h

Treatments Log CFU/ml
Survival (%)
Supporting material Sucrose (%) Before Freeze After Freeze
2% alginate 0 8.30 + 0.06 8.06 + 0.04 97.18 +0.38"
5 8.05+0.03 7.93£0.01 98.49 + 0.45"
3% alginate 0 7.77+0.11 7.61 +0.08 97.94 +1.47"
0 7.70 £ 0.06 748 £0.07 97.17+0.29"
5% low methoxy .
pectin 5 7.75+£0.10 7.57 £ 0.05 97.69 + 1.79
10 8.10 = 0.09 7.94 +0.20 98.03+3.17"
2.5% low methoxy 0 7.51+£0.01 4,08 +0.22 54.42+2.88"
+2.5% high methoxy 5 7.60 +£0.01 423+022 55.66 + 3.87"
ti a
pectin 10 8.60 % 0.01 7.90+0.18 97.94 +1.99

Values are given as mean+SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (P<0.05).



Table 24 Releasing ability of Lactobacillus plantarum CM53 from 3% alginate and 5% low methoxy pectin beads in simulated small intestine condition

(PBS pH 7.2 at 37°C) for 6 h
Release (%)
Supporting material
1h 2h 3h 4h 5h 6h
3% alginate 62.83+7.37" 88.34+0.84" 90.86+0.58" 95.78+4.23" 97.36+3.29" 98.88+3.04"
5% low methoxy pectin with . . . \ \ \
51.02+1.24 71.56+0.59 99.07+0.63 99.52+0.70 98.16+1.98 98.16+1.98

5% sucrose

Values are given as mean+SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (P<0.05).

114



Table 25 Effect of frozen storage (-20°C) for 8 weeks on the total viable cell of free and encapsulated Lactobacillus plantarum CM53 cells added to ice

cream mixed before freezing

Storag time -20 + 2 °C (week)

Treatment

0 1 2 3 4 5 6 7 8
Free cell 8.68+0.14°  7.37+0.04°  7.43+0.08° 7.57+0.25°  7.37x0.09°  6.66£0.26"  6.76£0.10"  6.74+0.10°  6.16+0.03°
Alginate beads ~ 8.82+0.02"  8.48+0.00°  8.39+0.03"  8.56x0.13"  8.33x0.06' 8.31x0.11"  8.36+0.15"  8.25+0.23"  8.17+0.04"
Pectin beads 8.68£0.12°  8.53+0.04°  8.09+0.22° 8.1240.01°  8.05+0.11°  8.14+0.43"  8.03+0.26"  7.73x0.47"  7.74+0.16"

Values are given as mean+SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (P<0.05).
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Table 26 Effect of frozen storage (-20°C) for 8 weeks on the total viable cell of free and encapsulated Lactobacillus plantarum CM53 cells added to ice

cream after freezing

Storag time -20 + 2 °C (week)

Treatment

0 1 2 3 4 5 6 7 8
Free cell 8.81£0.20" 8.14+0.04° 8.15£0.04" 7.86+0.24° 7.40£0.43" 7.22+0.05° 7.19+£0.06° 7.10£0.21° 6.63£0.07°
Alginate beads 8.92+0.10" 8.41x0.02" 8.46+0.03" 8.49+0.08" 8.39+0.04" 8.39+0.04" 8.42+0.08" 8.38+0.27" 8.28+0.24"
Pectin beads 8.84+0.05" 8.15+0.02° 8.16£0.02° 8.17£0.31° 7.93+0.12" 7.9320.12° 7.93£0.26° 7.74+0.19" 7.72+0.15"

Values are given as mean+SD from triplicate determination.

““Different superscripts in the same column indicate significant difference (P<0.05).
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