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ABSTRACT

Survival of calcium alginate encapsulated probiotic bacteria, including
Lactobacillus plantarum CIF17 A5 Lactobacillus plantarum TISTR 875 and Lactobacillus
acidophilus TISTR 1034 which were isolated from human, rat and sauerkraut respectively, were
evaluated under highly acidic condition of simulated gastric juice at pH 2.0 for 3 h. Encapsulated
Lactobacillus plantarum CIF17 AS showed the highest survival of 83.57%, whereas encapsulated
Lactobacillus plantarum TISTR 875 and Lactobacillus acidophilus TISTR 1034 exhibited only
74.79% and 65.49% of survival, respectively. Encapsulation enhanced acidic survival of all
probiotic strains compared to free cells. Survival of Lactobacillus plantarum CIF17 A5 co-
encapsulated with three different root crop crude fibers were evaluated under simulated gastric
condition. Lactobacillus plantarum CIF17 A5 co-encapsulated with 2% beet root crude fiber
showed the highest survival of 86.12% (p>0.05) after acidic exposure at pH 2.0 for 3 h, while the
control groups including free and microencapsulated cells exhibited 37.21% and 81.81% of
survival, respectively. Addition of 2% beet root crude fiber significantly enhanced survival of
Lactobacillus plantarum CIF17 AS from 37.75% to 86.78%. Viable cell of co-encapsulated
Lactobacillus plantarum CIF17 AS with beet root crude fiber after the consecutive exposure of
gastric juice at pH 2.0 for 3 h and bile salt exposure for 6 h was 7.98 log CFU/ml. While 3.30
and 6.45 log CFU/ml were obtained from free cells and microencapsulated cells, respectively.
Viability of co-encapsulated Lactobacillus plantarum CIF17 AS with beet root crude fiber was
higher than free cell during 14 days storage at 4°C in MRS broth with 8% salt, 20% sucrose, 20%

skim milk broth or even MRS broth pH 4.5.
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Figure 1. Bifidobacteria.

17 Schell agA (2002)

Table 1. Examples of bacteria used as probiotics.

Lactobacilli Bifidobactria Other Yeast
Lactobacillus acidophilus Bifidobacterium Streptococcus Sacchromyces
Lactobacillus casei animalis thermophilus cerevisiae
Lactobacillus ferciminis Bifidobacterium Enterococcus Sacchromyces
Lactobacillus gasseri longum feacium Boulardi
Lactobacillus johnsonii Bifidobacterium Lactococcus
Lactobacillus plantarum lactis lactis
Lactobacillus reuteri, Bifidobacterium Propionibacterium
Lactobacillus rhamnosus GG infantis freudenreichii
Lactobacillus salivarius Bifidobacterium Escherichia
Lactobacillus delbrueckii breve coli nessle 1971

subsp. bugaricus Bifidobacterium Bacillus
Lactobacillus brevis bifidum oligonitrophilis
Lactobacillus cellobiosus Bifidobacterium
Lactobacillus curvatus thermophilum
Lactobacillus fermentum Bifidobacterium
Lactobacillus helviticus adolescents

117: Penner azAL (2005)

A A A A 9 o A P
Lu@ﬂﬁ]Tﬂ]lU‘V‘ITﬂLLUﬂVILSEJ ﬁ?uTiﬂﬁiTQLlﬁﬂl@]ﬁW@im@] Laoialanadon

' P2 ' H =& ' P2 L 2 A 9
Tagmsdosaatens 1u'lawmse vy 1ia1a Falumsdesaarsas 1u'laminvousoiiive 19




a a (% g 0911 [ Y] @ ¢ & [ Y] 4
narant a1 Wi wlinnuuanaenu lawaenug Fauaazaroiugizinnuauno
Tumsldans Idaranu nazsirldinanaanalullsuanaadudie

vAa o 1 9 tﬂy a A v A
uﬂﬂ%WﬂﬂﬂlﬁiJ‘Uﬂﬂ\?ﬂZﬂ’JLLa’chlfﬂulﬂwjﬂlmﬂﬂliﬂﬂ\iuﬂ’ﬂll #1150 1UMTNU

1 g‘ 2 R a I o Y Y= o 9 4 . ~ tﬂy a
ADUIA Eﬂ\uéﬂﬁflJfJﬂﬁlUﬂﬁgl‘W13@’]1’7']ﬂlaga’]ulﬁllﬂﬂllaz‘ﬂflﬁlﬂull“ﬁil [-galactosidase NIYDHAA

o g
9 Y

Y
Vuiumnsadestiaavanlaa ld Mmlisameansniiwan laald141duas lune 1diRa

. Aa & a1 A = ~ o Y a Ad a A
©1N17 lactose intolerance Iﬂﬂwaﬂ!ﬂﬂmuﬂgﬂﬂj’llll'ﬂlﬂiﬂll!‘ﬂﬂllﬂUﬂ’]ﬁi%ﬁ]au‘ﬂiﬂ“ﬁu@]@u

Q

[

a a J 4 a
(WUNWY TUNNATY LAY gy G]%'J'Iﬂ!%, 2533)

1.2.2 Lactobacillus plantarum Niaaandaiuldsluledn

Q

I == ~ 1 I ] 3 Y
L. plantarum WunnanGeunsyuin N3Us1adluunansadus darenu nina

~

4 Y I 4
0.9-1.2 TuTasuas o171 3-8 lulasmas (Figure 2) ansamasui laaledes nuiluwad
d‘ 1 A 09/1 A o = = = 1 A = [}
I 7 VT T1YAU TﬂTauaﬂymz U NAN VBULITYU TV LHADIDDU NIDINADINNUY

[ a v aaa A 1 g} v
llilﬂﬂiiﬂ TﬂEJ‘]Jﬂﬂllﬁ?ﬁ'm”lﬁﬂ‘JJGD"Jﬂi’E)ﬂL‘JJEJNWMH”I'deJ HAZNITZINIZDIHITURIAY 1Tl 1

A A ' A A a 9 A = A A A
LL‘Uﬂ“VILﬁfJ“l‘Llﬂ'q‘JJ!L‘Uﬂ‘VILﬁEJLLﬁﬂ@Iﬂ Iﬂi\iﬁi']\iﬂiull‘llﬂ\i L. plantarum mumiwtywqmmmﬂu

o A A ' A A a a A o w & £y Y I
ﬂ‘UL!‘Uﬂ‘ﬂlﬁﬂﬂluﬂqullﬂﬂﬂlﬁﬂllaﬂﬁﬂsﬁu@@uﬂ UAZNINUAAVLIVTNINUALLAD ﬂTi(l“]f!,‘]Ju

4 1 4
Ts'luTe@miv L. plantarum 1@50a1manlylumsiszgad lmedudtiniamuuniu

Figure 2. SEM analysis of Lactobacillus plantarum.
7131: Bokhorst-van de Veen (2011)
| = A . . =2 a
L. plantarum Wunuanize1szinmn facultative anaerobic #1184 FWT0TY
Y Aa 12 a Aa a 09}/ =
1@ luannehtivas liitioongiau luaneilioondsautiv L. plantarum Ianuainsalums
{ A I s s A '
wasueendnulinaaiulalasnunleseenled Nezaeld L plantarum Hanuainso
1 1 4 4 [ [ 4 1 { [
Tumsnuaeanznilelasnulesoonlaageld lumendunuwiieogluaninznlif

A ) Y o = g’ Y I a A
f’]'f)ﬂ“]fﬁ]‘Llﬁ"lll']5ﬂif’]ﬂf’]thﬂbluﬂﬁg‘]J’Jl!ﬂ']ﬁﬁllﬂllag!‘]JafluuT@naiﬂﬂﬁ’]ﬂ!ﬂLlﬂiﬂllﬂﬂ@ﬂ 130



p . =& A A a v o ' . .
119an®doa (heterofermentative) Gmﬂﬁﬂuaﬂ@mwwaﬂ"lﬂuu@giugﬂ D-isomer 0¥ L-isomer
1 Y] @ . dy @ = a Y g
52NN auaadlu Figure 3 uaguenni L. plantarum 83e1315otlasunaran iy

Iy 9
Vo UNa 1AoNAe

[ A A A Aq Yo 1 o A 1 1
L. plantarum \DUuansosHan I uunsvia1a luemsninsian1ee 15u
ad < a a ° a 1y oy 3
Tetnsa (et DN uAINA0Y Nera1anos TudGeuTen uilsvunile uaziilar dudu
A ° Y] v o ] A P
1109910511 L. plantarum i 1¥ee19nevnaluemsi lvannsose 16 L. plantarum

HanumngaulumswannluauanudullsluTeanae 14

CO,H CO,H
HO H H OH
CHs3 CHs
L(+) lactic acid D(-) lactic acid

Figure 3. Chemical structures of (D) and (L) lactic acid isomers.
~
NU1: Barron (2010)
I a A a a & A = X 9
L. plantarum \hunpaiise 115 luTeanrianiatiosnninanisddenounii
dyd'd @ 1 aa Y I
UNOUGUN L. plantarum drinsoseadialaludnzanuiuniagalunszimzemsuaz
1 A o,; = o Y 3 1 FY A o o 1 a
nuasanziiniaiha ludr Ididnadudu nazmuswiurinsmed luszuumuaue g
1T A ° I 4 o v [ o
Taggaimzeguinud Iddnuaziwoydr1d vg 1asumsnageumnimnldludiuns
[ o 9 o Y] A LS? dy Y I J [ 1
v3smsne lsag1 Idonay vagvang uAnunIus 1MwiuN L. plantarum dananonsan
Y
21M3511aNe Hesdarazneaileadld (Bixquert, 2009) HoN1INI Nissen ttazaAne (2009) 14

o

0 1 [} A o Y < @ a
1/I'lﬂ1§"1/]ﬂﬁf]\3!l,ﬁy’JWU’J'l L. plantarum mmwummﬁnuﬁamiﬁ’mm ’!;%'}Lﬁﬂ ﬂiﬂﬂﬁ;\iﬂﬂﬂiillﬂ'li

[ =~

! 9 o q¥ya o Y Ay Y oy A g
ﬂaﬂ%1ﬂwaa1uaﬂmaﬂ L!ﬁ$ﬂﬂ%38ﬂi$ﬂﬂﬂ1i@l@ﬂﬁu@\1ﬂlﬂiigﬂﬂghﬂll u‘l@anma SN NE]
AUMIANYIVDY Cammarota LALAME (2009) FINUIN L. plantarum Fnii 1¥inamMIaoUa U0
. A o a A o v o Y a A o ay o
910 pro-inflammatory LW@ﬂ@QﬂuﬂWﬂﬂﬂwuﬂu LLa%]fﬂLﬂi‘H!ﬂ@ﬂ1§@]ﬂ§l’)ﬂlﬂ\1‘i$ﬂﬂguﬂﬂﬂu
A o Y 3 Y A 42‘ A 1 dyw 1 Yo 9 [l [
Gluwaum”lmaﬂclmwwmmu ENﬂ’NuENW‘]J’NﬂTiMlﬂiU L. plantarum IFIWNgFIgan
a 1 d' Yo [ 9 an
’E']1ﬂ15611’6)\1I‘iﬂGl,uiz‘]J‘]J‘i/nﬂlﬂu’éﬂ1’?1553W’N\?‘Vlulﬂi‘ﬂﬂ1iiﬂ‘kﬂﬂ’llﬂfﬂﬂ;]%’Ju% (Lonnermark
1 ~ ' VY
et al., 2010) waz 1UNMINAADIVVGNIINAME YDA Karlsson (Uszmaaian) wuiinslvnile
A [ @ A Yo Ao AAa 9y 1 3 1 9
Iiﬂlﬂﬂﬁﬂﬂﬁ’ﬂm!ﬁ$1’iaﬂﬂm’Elﬂhlﬂiﬂ L. plantarum NYINFIAVIFITNNIYUU ISFIYATN

A a A A ° Y Y vy
ﬁllﬂaﬁNﬂJﬂ'J”I‘JJWﬁ"Iﬂ‘I’Tﬁ"IEJ"IJ?NG])'HQLL‘U?IVILiflﬂ”lflhlua"lulﬁsll’ﬂx‘lﬁdﬂ?]f]llﬂ (Karlsson et al., 2010)



dy v A = 4 4 9
NN 9UN15ANYIYDY Danone Research Center 31nUszmatisosuaua Iaslomny
A & A . o Y, a 2 A YA
naassnilulsareviia (ovalbumin allergy) MSAHIRENITAU L. plantarum FaHan lanexe
' Y i £ g Y Aq Y ' =
AANIIADUAUDIADAITNIZAY  Methacholine Fuuasnszaunldlumstauendaniu
] [ < 1
JUUTUBI0IMIroUa (R1d110n0UdAUEIRDETT Methacholine 32A15IUIN AAIIIDINS
] o < 1 09; 1 a { o o
JULSININ), Frvaatuaudaeaviine luthdraenay FreaauouATEAN UNIZAY
Y

150 ovalbumin allergy 9nRaY (Hougee et al., 2010) UoNIINH L. plantarum fagnsodniles

c’d’ d' a . [} d' [ a 4
waaweynlsainenn £ coli lasmstlessumsilasunlainedugiuinevousad
wo1 18 (Qin et al., 2009)

Uraipan (2013) MMIAAUENUUANG Y Lactobacillus plantarum CIF17 A5 14

o (] < ~ a1 o A 2 o [ Y] 9
INAIDIIUANNITNNAADA TABITHIAA 1g 5 1ADU FITUUTEMUUNUNTINAVUNHI 1127
o I a 4 1
WnmaaeuanuiulyslyTedndesdn Taewud L. plantarum CIF17 A5 JANNEINIIO

a Ao a2 a s3I ! e d A

lumsnsalueonnsninaesiing 0.3 wesidua launna 70 wesidua danuaunsalums
FRAT LN IUANNZAsULLUNTATUATLIMIT (W% 2.0 WU 3 $2Tud) (M1HU 92.29

P s ! a = o v oY
wWosIFua UenNINHUEIWLIN L. plantarum CIF17 AS Sanuainiselumssameiumisd 1d

Taae

1.3 uuanisauanfn (Lactic acid bacteria)
~ A a I ~ A T Y J ' A = v Y
uuaiBSeuananmuuuaniGeunsuuin luasisales himasun hiaia

9
4 1 [ [ a 1 % 1 1 1
L’ﬂu”l“]fllﬂgﬁzmﬁ UlﬂJg]}?J\iﬂ”li’fﬂﬂTﬁ ANHUSTUIIUINGT WUN InesUsrumatazsdsnau

QU U
Y

Y
msdaiFeaaiGotananludnaaien Juediugliednyae JUuuvvesnsniinhaia
Y v
nglad anumusalunsldihmariaaie waznswigyigungiaiee sawdaany
a Y A = 9 9 1 A 1 a [ sa a
ansonsy ldluniindeanududuge naznisnuaonianioas naatuNMnAIn
A= aa ) v o J
nszUIUMIIIMUeaFuvesuaizenguil laninmsldihmanglaa waziimanan Ina
I~ 1 4 Yy a o 4 o I~ a 9 1 . .
Wuurasnsuau "l,ﬂwaﬁﬂmmwamﬂuﬂimmﬂﬁn"lmm Lactobacillus, Pediococcus,
Streptococcus, Leuconostoc (Wood and Holzapfel, 1997)
a { a L ] [l 3’

uuanGouanandluldsluTeantlsz Tesi lumswiedestitaanan Iand
A a o o (] Y A Aa d‘o I Y 1A a . . . .
nlumdaaduanuy sreadradaniunsuiy 1aun Iaiiu B1, B2, B6, B12, niacin, folic acid

v v
1iag pantothenic acid dANIFIBNNANNAWITD TUMIEY T15AY FrentuguInyIaugaly
9

o 9 ) [ Ay o . a
a1 lduazidsunsiianuuessspugiquiy (Rice, 2002) onnHLUARFoANANEINITD

[

a a 0911 a a A A A a Ad a A 9 ~ A A
NﬁﬁE‘ﬁi‘ﬂi$ﬂ’f)‘]J‘1/]EJ‘]JENﬂﬁﬁ]iiym‘ﬂIW]J’ENLlﬂﬂﬂliﬂﬂi’t’)ﬂauﬂiﬂﬂfnﬂﬂu"]llﬂ AITNUUANLTY

9
@

Y 42/ = =
FIWVUNAIU



10

4 4 A A a 9 d?' 1 a a
1) ulﬁiﬂﬁlﬂulﬂ@ﬁﬂ@ﬂll“ﬁﬂ UUANLTYLANANTINITOH I INUU ﬁgﬁ'JWQﬂWﬁlsﬂﬁﬂJum‘UIﬂ
9 A dy o A 9 a 3 v v ad dy
ulﬂ Iﬂﬂlﬂ‘WTg!N@!afNL“]fﬁﬁiuﬁﬂTJ%“V]lJfﬂﬂ'lﬁiﬂﬂﬁlslf@ﬂﬂcﬁlfﬂulﬂu@?ﬁﬂﬂla ANTOU DINTLAN
Ay A A a S A 4 J ' =
LGIS'E]GIJENLL’UﬂT]LifJLLaﬂ@]ﬂ%zuﬂﬁiﬂﬂ‘!ﬂl@\ﬂﬁiﬂﬁlfﬂulﬂ@iﬂ@ﬂqcﬁﬂﬁgﬁuﬂgﬁ\l"lﬂ IWITHUANLTY
a 1A J J J @ as/' a
u,aﬂmﬂ"lumaullcﬁuﬂzmmﬁ ﬂ']ﬁﬁ$ﬁmm@ﬂqﬁiﬂilﬂulﬂﬂﬁﬂﬂﬂqcﬁﬂﬂ%ﬁnﬂﬁﬂﬂﬂt’lﬂﬂTﬁl%ﬁﬂJ
VYO Staphylococcus aureus, Salmonella typhimurium, Escherichia coli Wag Clostridium
perfringens (9TUY Q@iﬁ‘]ﬂa, 2530)

I [ A
2) Diacetyl (2.,3-butanedione) 1 UNAINNITIDIA1TDIMITIINUUANITILLANAD

4 o

A g Y A a o o A va @ 3 a 4 19
“]JN’?HJ‘MT Lﬂuﬁ1§1Wﬂau1uwa@ﬂmmuuwuﬂ uazﬂaQOaumiumiﬂuawaumﬂ LI

151 ul5iaann deawamldunaun ol seniu

IS { :’ @ o { 19 1 :’ {
3) Reuterin i uarsiishminTuanadin lileTdsdu awrsoazareirdan
Y

[ =

~ | @ ~ qul =~ J @
WLE]“]J’L“]J‘L!ﬂﬁN LUAZHTINTDYUVIILUANLTSUNTUUINLASUNTUAY FTINUNIYTA 31 ngiﬂiiﬁqﬂ

A dA

=2 o L A a 1 o 9 =
i]\1ﬁ'ﬂJ15i]‘Ll11ﬂ1%1uﬂ15ﬂu@%ﬁ]1?ﬂil‘v\lﬁlaﬂi]ﬁu“l/]iﬂ‘ﬂﬂﬂiiﬂ uaz‘wﬂwmmimnﬁﬂ
. @ 3 A A = 4 1 T 9 A A
4) Microgard @1U1TDYVYILUANTYUNTUAY ITALAS I LLG]llﬂJG]E]GI'IuLLUﬂ“V]LiEJ
9 a a aan aa a
UNIUUIN ‘]Jigﬂ’ﬂ‘]Jﬂ’JEJ ﬂiﬂi‘Wi‘WT@‘Hﬂ “lﬂazcma NIADSHAN LASNTALLANAN

v Y
5) wumnoslegwdumsdInanioldsaunianuaimisalunisduds

v

a Jd A o [ 09/1 1 @ 09/1 o o
L%@‘gﬁuﬂ?ﬂﬂ”lﬂ“b'uﬂﬂu WﬁﬂTiEJ‘IJfJ\W]Nﬂuhl‘ﬂ‘l’lQGLUSESIJTL!ﬂ”li‘VHﬁWfJﬂﬁhlﬂﬂﬁVINTu (mode of

a A Jd

action) tazmsmatenuantianunll #5ae unalas 2540) Iduisarsaedugaunion

A

Y A A a 3 1% @ 09/1
?fiNIﬂfJLL‘Uﬂ‘VILiEJLLﬁﬂ@]ﬂ Wu 2 dssnnevanyaznan1siues Iﬂﬂﬂizm‘mliﬂﬂﬂ a9

1 9 a S [ 3 dy A A VoA o Y A [ dy A 9 ]
ABATUIAUNTY ﬁWJJ”IiilEJ”]JfJ\‘lLG]ﬁ’JLL‘UﬂVILS81Mﬂ@hﬂuﬁﬂﬂm$1ﬂaLﬂﬂﬂﬂﬂ!ﬁlﬂ’t’)‘ﬂﬁiN LBU

HUANGELANAN LazLUANGILATNUINUNTUA UszinniadesaiunsadudusouuanGen
2 ‘3 = [ 09/1 dy A A v 1
mMuvulaelnadudusouunnisenelsn  1¥U  Clostridium  botulinum Wag  Listeria

monocytogenes

1.4 mslfuuaiisellslulednlunansamionns
wyudiniimatiie Tus luTeanin 1l uemnsuidunaunimaisfesil
TunaredszmainTan eninsifidnlszneuves sy Tedn iy uunlier Wala ilas
wazmutlvesszmadilu ToRfauasAmlesvosdszmeauangTsd wuunzninvesduide

a &

= Y s & g ° = % % A A a
Faa1 #13A519 Fuunzvsrlaninueweesuui "]NLL‘]Jﬂﬂliﬂiﬂiqﬂiﬂﬁﬂuﬂﬂ%"lﬂiu

A & 1 A 1 Y v v A 1 [
sUuundludnnanedluemsuad Tuilvgiiudadnrareglunuy ualyga nanauny
4' d‘ A Y v A d' Aa a == a 9
1nT03AY gnouneuliuanIesaunanuatslszniimaduuuaiiGe s luleandn1i

nindoan s 1asulse TesrannuuanGeldsluTeangeaaudl adssudseniue misng

Y q



11

a 1 o a % { ] 1 1 1
puanEe Ty luTedn Taununs luTeAnduiluaisemsi lugndeslusumenus uavy
3 o a a a o { 1 Aa a
Wuermsnelvuuaiisells luleanlinsnigyan Tanazdmvnedsidszansam
A Y a Jd 1 A 1 = a 1 o A 1 v
o liinalsz Tewiaes1anie o uuvasveans luTedn 150 Sayiya19e 021389
o A o v o AN =t ST
DUHA09 DAY 0281 e TIN5 nde naziiion iTudu

p1vshinuafFeldsluTeandulvapiudszianuuniin wandua

o ! 9 a [ o A Y 3SNY o '
uwuﬂmsﬂu"lﬂmﬂuwma%uﬂmmﬂuuuaﬂ HUVIOUUIUY ‘L!ilNQ‘Vii@L!ll"Uuﬂllﬂ HIUTINIU

a s A 9 @ I 9 o 1 dy Y a 4 Y o 1
m3 g Tud Tugiite Inoyninves ludu@nas udnihwnaindediensanes lad udmiinao

Y a AdA v A £ I == A A d A 3 a [ o
AregaUNIINFIUMIAAGDN Fe1v9ztunuaNFenIooadrIondaosriiasauiy lunis
o a Y A I o Aq Y ~ 1 = = J v A o Y a
niinuunald 2 uuu As Wumsniinn Insamiesodruden dudmesunsninniilina
(9 c{d? < 9 [ ~A A a v I A 9
ATA DY LALUOANDIDAVUIANTIBY UANNITVDILANISLANAN IUMITHIANAD ATATIINTA

a Y dy % Y A o Y a v W ~ a I
tananveInd e lunmsninliiieranas uazyilvinanissuaiveslusauluuy wailu

A o 9 a a [ = dy a 4? [l [} dy ad j’ A A
curd Ao lRsamaveInansantsanlSeunaty edausy wulSen Tonsa auuancen
= Y [ a ad Y [ . . .
NetoenuMsHan letnsa laun Streptococcus  salivarius  subsp. thermophilus Q%

Y
a ad v A
Lactobacillus delbrueckii subsp. bulgaricus mswanlansavziinsviamnatunielunan 4

=

M) ] % a ] < 4 '
F2 109 FIWTNVDINITHIN streptococci EIVTUDYINTIAUIN !La%ﬁ]gﬁﬂa\?!‘ﬁﬂﬂTWLﬂ%’ﬁﬂaﬁﬂﬂ

< a g [ 4 QSI o a o J

6.3-6.5 1111 5.5 &7 lactobacilli 213U IuNEHA edugansninaaafmaivzlin
k4 v E4

a Y a =2

3| ~ o dy A A dy a
Wunsanesdseua 4.5 1azduIusevo L UANTILanANN g s AN SN U ST

'
A o

Jd < 4 dyo./ = % YA dy <3 Y A o A
0.90-0.95 1ostyua ‘Ll@ﬂﬁ]”lﬂuf]ﬂ‘llﬂ”liﬁllﬂﬂ‘ﬂ”Islﬁlliﬁlfljﬁfl'llﬁﬂuﬂﬂ 9 HUNUNN
= 1A ¢ & a 7 Y] @ dy a =4 o dy 9
5en21 e FAUNAIINNITHUNUNNUWUFDIAUNTY “lummummuu%zﬂszmuma

A A a = S A= o & A = I o Y dy = J 3
LuANaananazeaa noan1enuuleniie) ﬂ?i@gﬁ?ﬂﬂuﬂl@\‘lﬂﬁ%%@ﬂﬁ'\l@ﬁlﬂullﬂﬂ
.. F) Ay =} d 21 A o 9 = s A ~ 4
synbiotic ﬂ”l“l/i”Iﬂ!ﬂf@ﬂﬁ/\l@ﬁf’)EflUL!”Iu?Ji]%ﬁ?ll?ﬁﬂl‘l/\ll]‘mu@ullﬂ msvunaesninaNBaAlas

A A a o Y A o Y I ' Y 1 2

LLUﬂVI!ﬁfJLLﬁﬂ@ﬂﬁ]$‘1/lTHLﬂ‘ﬂﬂlufﬂﬁWllﬂ‘Llll1ﬁ!ﬂua13ﬂ§$ﬂ@‘ﬂﬁﬁ18681ﬂ ulﬂ!!,ﬂ NIAUANAN

s e S 9 o Y Aa A A
‘f’nﬁll'f)uhlﬂ@@ﬂvlﬁ])'ﬂllﬁ&@‘ﬁWLl@ﬁLﬁﬂu@ﬂ Llﬁgu@ﬂiﬂﬂuﬂﬁﬁ]ghlﬂﬁ?ﬁ'i/]llﬂﬁllﬁ@ﬂ NAUTHIN
= J 1 a A A A 1 @ R d?' 1o @ 1 a
ﬂW\I’f]i AMNUUANFUAITUNAUNLUANATNNU Gﬁﬂ%%ﬂlu@gﬂﬂ‘ﬂﬂﬂﬂﬁﬁ’]ﬂﬂigﬂ1i IBU YUAVDIUY
= Y o 7 o % v A& = 4
ﬂ%%ﬁl“]fcluﬂ'lﬁﬂllﬂ @Qﬂﬂi%ﬂﬂﬂﬂ]@ﬂlflﬂlnuﬁluuh @Qﬂﬂigﬂﬂﬂﬂlﬂﬂﬂan%ﬂiuﬂW\I’E]'i ANDAIUNIT

9 =\ a 1 Qle £ P 9 v A I A A A
TnaTuTadlumswaalunaazass Fadse Tewin lannuundnindunios@uiogunin
9

9 (K] Aa a Aa @ a 9 o o 4 < 9 I
"l,ﬂl,miﬂy1mmwﬂﬂﬂmlmimmvmmummi 3ﬂ‘H’]Iiﬂﬂ3JLLW JUYUFAANSLIN Glﬂﬂ,ﬂumm‘i

£

9 1

Yoam3n 14 wazdalinanszquainuiuliduns19ne (Guzel-seydim et al,, 2000; Beshkova

=~

9y
f]
= a a 1 % a % 4 a

A5eT1s luTeanrian1a Tlumsiandadusi vuasy

et al., 2002) fagiiuiinis1duun

a Y dgl & a @ 4 o [ a [ 4 v Aaq Y I
I']Jiul'UI’E'J@]ﬂﬁl,ﬂiJﬂ'J'liJW'QWﬂ‘Viﬁ'lEliJ'lﬂ"Uu G]NNﬁ@]ﬂmcﬂullﬂﬂﬂ!ﬂuWﬁﬁﬂmcﬂﬁaﬂﬂﬁl%Lﬂu



12

@ ] 1 A A a 9 L] dyo/ 1A 9 A A
ananlumsdeiimuaiiiseTdsluTeandhgsienie venvniidanuniims lduuaiGe
a a o J 4 ] ) 1 <3 4 4 -4
Tds luTeanlumaadaaio1n1sous wu omsdmsumsn wonds inFesannnd ailua 1d
091 £ @ Y ) o A g S Yy Y o [ @ A A
wwa il nazdaldludruadynssunseaumsunnd ladnare dimsuluilegiuunaiGe

oAy a . . . Yo ]
nguiiaiensauandn luasena Laciobacillus W02 Bifidobacterium 193ua0aulalunsldy
1 A A J A a d? 1
Tugaaimnssuorms ludveamsmaesearinveusaa uazsy Jesinnayudoguain
' o a a o o ad o 4 3w {
(Svensson, 1999) uasad 15 luTeanlundasasd lansa vziismivanauiionusnu 13
Ao { o 1 o a o J %
gaungia luvazinesnitenuiiownaln (Shah et al, 1995 MINAUIWAAN AR UKD
as a g A A o <
agelomnsalagldunaiSoTds luTeaniwsoTudulunsuin dldergnisinuves
A o oA a = Y = o ¢S v oo o
HannuANgungl 5 ossmaaided Taunuiies 2 dla (nTa devgTaug, 2544)
o w < o @ I a o
msidnaes umstldinannsomu131%us Iaalduiu Taonsiian
ulsg1 vagdesanllfemsiwalduiaesdie selunisaesdiulvajinasiniinssuves
A A o da o ; < o (a ' Y Y
puafiGeuanan Anfideuihuwnaesdumnizilunzwarda wou uasna wie il \Wudu
' { A 1 1 IS o <
dauwaliidenlFlunisaes 1aun uzviw vziag iudu fagiiunseeuilugaaivinssy
{ @ ™
mstm lulszmalneMiluiiinvesauia i (Steinkraus, 1995)
o dy ~Aq Y a A a ] Y = I o A
mandnilenldFuuaiiGonanan wu unuy 1dnson Famvudumsniing
1 a [ oA A I a [ s (A @ c; 9 o 3
uanaNINHAAfuaIoN lesnniundasuainddsualviiudg 14szeznarlunsiiau
(= ) F a dy Y] 9 =1 1 A Y 9y
lisimsi1duds waaninilony vilany 91gn nszifey tazdiunaudue vngnndl v
Y o Y 1 a v a a d‘ v
Whiundr ldgawaradn luiliudenvssyasluvasanaraanietosiunisszine
Y P4
vouir lusgniamsnidaiinsavananinavusiildafitoranad (Adams and Moss, 1995)

A A A dA 1

1 Y a a dy a Ay = a Y a 9 =
?NNﬁ1Wﬂ”IiL%iﬂ]umﬂI@ﬁl@x‘l!%ﬂﬂﬁuﬂﬁﬂﬂﬂulﬂ@ui’JiJﬂ\‘ii]‘ﬁu‘ﬂiﬂ‘Vlﬂ@iﬁlﬂﬂjiﬂﬁﬂﬁﬁﬂﬂﬂ BN

.

= a 9

o 3 d’} a s A a dy A Aa A 1
WaNITIUIUFDIAUNTY NNAIINTITNHAAIINNAUYD nyouuaMsenny luuvuy 15y

E4
~

uuames losu Tagyaunidnlsiluiaiedl wwildlianuilasasssensus Inauaziiu 13

ke

) ; A A A Aa 9 [ &% A ™ 9 U
"lﬂmmm L!Uﬂﬂ!ﬁﬂllﬁﬂ@ﬂ‘VILﬂfJ'JaU@\‘lﬂiJﬂ']i‘HllﬂLLWull‘ﬂW‘ll‘VI'Jllﬂ ]'lﬂllﬂ Lactobacillus sp. 10g

. d! I~ dy ~ Y Y a [ I'd dy o dy a [ 4%
Pediococcus sp. FUYUFON 1 1UNIMINMVOIHAANUNILOHIN UONIINUUNHAANUNE
9 . P AA Axa £ A ) Y a o L= d?
14 micrococcus FUVUULANGINTAIF INTAFINHATI IR FUDIHAAD UNTAN TSN

(Swetwiwathana et al., 2009)
o < v A A P} o A A a Y Y 9
mandndandumandnnmertesduuuanGeuanan Taun Uars dardu
o o 9 A 1 a oy 9 A
wanlun1svunazlszneunile dar nae sy lumswantindarvzlszneualelamazinae
Y 9 o

[ 1 ' 1 a % =
i 3:1 wawlddnnuudinssylalulewdnlaseldinanswin 18 Wouniounnin1d

Tusgnieiimswindal YanzgndesaasTasnonssuveseu ladludlar Tdwandeiu



13

= oy & ~ dy 9 a =
VBIUNAITUINIADDNUN “ﬁﬂﬂlﬂ\i!ﬂﬁ’)‘ﬂﬂ@ﬂiﬂufﬂz‘ﬂﬁ%ﬂﬂﬂqﬂﬂﬁﬂﬂiﬂﬂzwiu Tﬂmu uag
a = s A o v .f’ | ' £ v A Y I
1anale lna Nz lminalinuniweazauaimelnsuinisuindunazdetion 14 u
A A A a [ o &7
Lﬂi@ﬂﬂqﬂuﬂﬁﬂigﬂﬂ‘ﬂ LA OUANDIMITHAWUTEIAN LL‘Uﬂ‘VIL'iEJVIW‘UGI,uWﬁﬁﬂmcﬂﬂﬁiﬁuﬂ

QU Lactobacillus farcimnis, L. pentosus, L. plantarum, Lactobacillus sp. 0 Leuconostos sp.
{ A da 1

a A dA a o 4 v 9 I a A Y a Y I3 9
ﬁau‘l/lﬁﬂﬂﬂﬁluﬂaGlﬂﬂ!"l’lﬂaTH3Jﬂﬂ@ﬂlﬂuﬂauﬂiﬂﬂﬂu@@ma@qﬂﬂ !LﬁZLﬂiﬂJu‘lﬂLaﬂuﬂﬂﬁlu

1 =] ~ 1 =y a o Y I [} ~
TEUINNITHUN iNilzllﬂ15‘]51]Elm’iNif’fﬂﬂ@]ﬂl’i)ﬂﬂﬁ‘ﬂllﬂulmﬂu@EJNﬂ

v o = = A

[ = 1 2 Aa o = % g S
ﬂﬁ‘ﬂllﬂ‘ﬁiUW"]fGNL‘IJuE]TViﬁ@ﬂﬂqm%uﬂ”ﬂu‘c’munﬂﬁﬂyTﬂﬁ‘mJﬂ LI UNTY

o

A A Y g v o A A 19 Y (= J A A a o J

NAYIVOINUMININTYNBU AN QUAIIAY 13U BAA 51 LazuDANTY WAANUNIINNIS
v o A 9y ol 4 o g A ' o @ A o 1 [l

ninsayiy 1dun 81 Fedadlunioslgesalungy aaminvesaugijulumsmindiulvg)

vy 4 A Y o a & a asdd 9 o o MYy .
azilsenev lddredunasazdiaad IFOYAUNTYNNYIVDINUNITHUN 1&un Aspergillus

oryzae, Pediococcus halophillus 1% Lactobacillus delbrueckii

2. w3luledn ( Prebiotics)

A J

Gibson 11 Roberfroid (1995) 1a1¥d1iie1m71 ws ' luTedn Ao paRlsznow

9

{ 1 v o a 4 v J v W
ﬂl@ﬂ@WﬁTﬁﬁbllJQﬂﬂﬂﬂ Iﬂﬂl@ukl“]fll11!331JU1/|1\1L@1!@’]1’T’]56U@\13J1§Hﬂllﬁgﬁﬁﬁ ANUUTITOINT

EJ
S L=

A 1T A o Y 1 ~ 4 I
ﬂauuﬁmmusz‘ummmummi“lﬂ’s;mﬁnmaﬂﬁiwmﬂuﬁmwmﬁuuﬂsm taznaed) eI Ve

a ' 1 Y a { g P
uuaiiiselds luTedn snmsdesarsonisnguiia: ldasursatiaiidulsy Tesidesame
9
o o o a ] o [ . .
Wndu 19152 Toamnd 1dnatewiia 1y nsalviuaiedu (short chain fatty acid) tagnadn
] [ Y I 1 o 9 @ uaj a a ad a
msgesdei liaanuiunsaainludiidanas dudimsnsyvesgaunidne Isnuarila

"o A @ Y

A 4 A vAa ~ a 9
@'lﬁ'l‘i‘l/]iJ@Qﬂﬂi%ﬂ@ﬂﬂﬂﬂmﬁhﬂﬁlﬂuwill‘UIE]ﬁﬂ "lmm TUNY WD WA L

g

2.1 paanDAvaIns luledn
D awnsomaenllded 1d v 1dlae lugndes uaz lugngaduluszuumadn
91M1TFIUDY (Fooks et al., 1999; Kolida et al., 2002; Gibson, 2004)
d' a v o 9 ] S A d’d 4 L [
2) awnsonsznamsmiinmeludld v lasuvaiFentilse Tomiuns1ame 1w

Bifidobacterium W% Lactobacillus (Kolida et al., 2002; Gibson, 2004)

]
A AaA

1 a a I a ]
3)  dudTumsnsyvednuanFenilse Tewl lun1uAue M 19U Bifidobacterium
Uag Lactobacillus oz WduaSumsnsyuowunfizofine 15 15U Clostridium perfiigens ¥4

AunvanGenmlfinalsalug 1418 (Gibson and Roberfroid, 1995; Kolida et al., 2002) ¥4

Gibson utazAmy (1995) ladnyiwaves wWinlaledlnuwanilsd (FOS) way ayau lu



@ Yo ] 1T W I~ [ 4 1 a a a
p1aeiing 100 Taslisudsemu 5-20 nfuaedu unal 9 dat wundsunagaunss
v 9
Bifidobacterium WiNIUMelud 1§veseanaing
A va ~ a ng 9 1 1
asomsnuguantaduns luleantiudesausonuaensdosvoinsa
lunszimgems aunsamasui ldauded 1dInn 18 Tae lulinsnlasunasuaz lugn

a

° < 4 < Y J o A . ! o 1 ° [l
aadulud1dan eoldiduensIdnugauniddszdrdu (microflora) No1dveg lud11dIng)
! ) v
Feaunsoldmsmarilunmsnsadv Tauazius1uiu (Gibson, 2004) uazadawaligunin
Yy 9 csd? ] ] =< v ] = A A <
YoUTIIY (host) AU 15U F8TUNTYATULITTIA 1Y uAAKTEN LUNTITYY LazIMan (Lopez
@ 3 o P (] a ~ a VoA g
et al., 2000; Van et al, 1998) Hlosrunziied1d1vg) silavesensns luTeoannguinilu
a o (] a 4
Tod Tnuann lsa 1y uaalad uangTad usvil Tua denfilod uaz galalodTnuynn lsa
o 4 { I 3 o 1 S
(FOS) wazdaniansdue nenwsalinduasaadulumsniinlasuuanisentiyse Towl
luWTanuaiiFe uag Lactobacilius  1ud1'l&1vaj Ao resistant  starch  (RS), non-starch
. aa/l dy =3 Ay ¥ A 1 a a @
polysaccharide (NSP) nstisanluUdsasnlaviniiey u unwaau waglad telivag Tad fu
~ . R o Y ’ v
waz lesan 1aguenvInil mucine glycoprotein FINAN 1Ay goblet cell Glumvlﬁ’cl,ﬁiyﬁWNﬁﬂclﬂf
I Qa: o 1 o a
duasaadulumaniinld unu Lee tazaae (2002) ladnyinaveaaslalausuled In-

uganlsd (COS) NlAoMINTyUeUANISY Lactobacillus sp. Wag B. bifidum WU COS

FAONTLAUNTNTYUDI B. bifidum KCTC 3440 uag Lactobacillus sp.

2.2 vHavesmsns lulefin
= a A 9 9 ] 1
wiluTedanfvrenianisdazldlugaaivnssveiniseglungu

a s & Y gl A g ] 1 T v Y @ 4
Iﬂaiﬂll%ﬂﬂfliﬂ GINﬂigﬂﬁﬂﬂ’)ﬁluwnﬁﬂlﬂuﬁujﬂﬂﬂﬂ 2-20 mmﬂumﬂwu‘ﬁﬂmnau‘ﬂ

i
A A

(covalent bond) FaiiFeisenan Wuse Inaladan w3 luTeaninuiiod 2 nqu Ao w3 luTeAnndl

A Y

Tusssumavenu1dludnuazna 1 i ndae wie IS 62 nquiayity uazns luTedndild
nnnsdannzilagldenlsises Tnduzamlsd wu ufle Juflegtiuns luTeAnfithun1d
numsa uazlugaanssuenmsaiulug launnmsdunsd
221 villednfinulusssamna
22.1.1 auwanlaledlnuwanlsd (Galacto-oligosaccharides, GOS)

nwanlaTedlnuwanlsa daaasgilgasTnseadralu Figure 4 15uTod Tn-
uanlsdntnuanlaaduesdilsznon nulumimveayud vun$s Todda uaz
duaziuininuanlnalaseu ladiudinuan Tngaa (B-galactosidase) 1iungulodn-
usam'lsan liamsndesld (on-digestible oligosaccharides) Tagow lslusamennudda

annsanaouiiiu Tt 1d1wn) 14 Tae higndoouaannsamanisminTasgaunsdneido



15

1 o ' a @ ! o < o osj . .
pglud11dlng wandananilaninmsuineziunsaluiudrodu (short-chain fatty acid)

wu ozFan Inswlomwn 02w vazufs sy lalasou Jmu vazasvoulaoon lad

2
=

~ o a A 1 = v a -4
UDNVINUIIUNANAADU LYU Laniad “]NNaﬂ1ﬂﬂ13ﬂf]‘c’JﬂWLLﬁﬂTﬁI@aIﬂlﬁh’ﬂﬂ"lkliﬂ Tag

=

a ad
qaummzwa‘lﬂﬂi ﬂummimmewauw ﬂ

auludTaunafiise naz lactobacilli &9

ﬁﬁuw'%’ffﬂquwﬁaﬂiumiﬁ’qmﬁww%mﬁu nszdupiduiu destunmsinaiouds
2.2.1.2 Fructo-oligosaccharides (FOS) ag Syﬁu
dyau dwaasggasinseadilu Figwe 4 1fuarsInduaanilse
(Polysaccharides) fitmifiv15ifuermsgauiulumanaviamineglunguialaledin-
uxanlsatingalad (Fructose) 3-60 Tutana 1@ 1 Tuss s luits nuafisouazs

a & a a @ 9 1 a o . . !
YNYUA G?Q@HauwucluwﬂuagNa]liJjJ’lﬂﬂ'J'] 3,600 %uﬂiﬂﬂlﬂw’lgiuWﬂ@ﬁgf‘]a chicorium (¥H

a

=~ . 2o 9 A [ o ' ~
PYADTI (Chlcory) ‘L!’Oﬂiﬂﬂ‘lifl\‘]‘i/‘l“]_lsl,uﬂﬁ’)ﬂ uazwﬂungawau LBU WE)?JW'JTHEUU NITINYY

iWudu (Bxcommerce, 2001) dyauligndeslud1didn udursadrugndesludld1ng Tag
81y

[} a

v
yaun3diedvedud ¢ na) SuduuasvialaTedlnuwamlsd azareihldalasmmelu

Y

Wseu (Tanya, 2002) emmmﬂi 119 80 DA AIFYE (Kim and Wang, 2002) usazaie'ld

metaﬂuaa“luﬁuau HALLPANDIOE (Paul, 1997) Lmzmmmmﬁaqq lyfinadnafeans
Y a < 9 R A ) 9 [

TAHFAUNTUDIDINIT THFINHIUANUDEY maJmsu1“11J°lsv“lu1nN’qmﬁmﬂﬁummﬂuaﬂymz

1 . . ] o [ a dy v o 1 [ dy
AN (Vicki, 2002) 15U uTqﬂﬂﬁﬂﬂiﬂﬁﬁWTWLlﬁZLuﬂﬁNW?f ¥resnuInNudaazauruly

[

9 ' ¥y A A Y] A A va A oY A .
AN Gﬁjﬂiﬁlﬂﬁﬂ\iﬂuaga']m‘]ﬂﬂu@ UAMTUUNBINHUIN (Functional property)

q

22.1.3 wosiiulealnuwanlse (Soybean oligosaccharide, SOS)
HuTedTnusan lsaniegluduvdesduiundu usvil Tud uas amilos
(Gibson, 2004) @WnTaNuaensdeslasonlmilunszmzeimsuazdldian awnsa
waeudininUfid 18I nguazifamsninTasedunidlud 1dva) aunsanszqunis

a a a 4 J a :
wigay Tavesgaunidnguluil TanunfiSe 184 Hayakawa uazame (1990) 1dAnu1INg

a

&% a 4 g o o [l ]
niinweeiiulod Inuwan1lsa (Soybean oligosaccharides) Tagagaunsdludt1d v wua

Q

v 9
yaunsdnguluflTanuaiiSe Tnswsaiuiu

222 wiluledAnildminmsdunsizn
2.2.2.1 Lmﬂiﬁcﬂﬂiﬁ (Lactosucrose, LS)
uanlagylnsanda awaasgasIasedd el Figure 5 11910M135WA UV

uan Taauazy Insalaeldou e p-fructofuronosidase wazlinmauialiasunsniyves

yaunsdnquluilTauuniise & Ohkusa tazame (1995) ladgnyimavewan lngyInsaly



16

oraaiing 3 aulagly Ls Usum 3 afudeiu nuhawnsamiudinuaunidnguluilla

9
a Ad

nuaae'ld 0.7 1M1 uazaalSuaaun3onqu Bacteriodes 19 0.6 1911 uonantinga luiiu

q

F4 v 4
#1081 (short chain fatty acid) 15U 8LFAN LAz TANolsn S9NUTUBUNLTY

CH20H
OCH?2
H
N CH20H
HO/CHo0H o
OF
H20H o H i & OH

HOCH:2

H OH
¢) Galactooligosaccharides
CH> H OH
b) Lactulose
A CH20H H CH20H H
HOCH: ; & & &
H OH H
OH H OH H H
OH

CH20H H OH CH20H

a) lnulme d) Xylooligosaccharides

Figure 4. The structural formula of prebiotics a) inulin b) lactulose ¢) galactooligosaccharides
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11: Choque tazAME (2011)
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Figure 5. Chemical structures of lactosucrose.
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Table 2. Structure and composition of commercially available prebiotics.

Substrate Oligosaccharide structure Composition

Raftilose P95 Gluol-2[BFrul-2]  where n=2-9 95% oligosaccharides
average 4-5

Raftiline LS Gluol-2[BFrul-2] where n > 10 99% inulin

average 10-12

Lactulose GalB1-4Fru 99% lactulose
Xylo-oligosaccharides XylB1-4[Xyl] where n =2-7 35% oligosaccharides
Oligomate 55 o-Glul-4[BGall-6] 50% oligosaccharides, 12%
where n = 1-4 average 2 lactose, 38%
monosaccharides

Soybean oligosaccharides ~ Stachyose  (Galal-6  Galal-6  25% stachyose, 10%
Glua1-2 BFru) raffinose, 50% sucrose,
Raffinose (Galal-6 Gluall-2Fru)  15% monosaccharises

Isomalto-oligosaccharides  Glual-6 [Gluv1-6] where n > 1 91% oligosaccharides, 2%

average 1-2 glucose, 7% high molecular

weight (n > 11)

17: Rycroft lagAme (2001)
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Table 3. Structures of oligosaccharides found in legumes.

Oligosaccharides Structure

raffinose a-D-galactopyranosyl-(1-6)- o--D-glucopyranosyl-(1-2)
-B-D-fructofuranoside

stachyose a-D-galactopyranosyl-(1-6)- o--D-glucopyranosyl-(1-6)
-a-D-glucopyranosyl-(1-2)- B-D-fructofuranoside

verbascose o-D-galactopyranosyl-(1-6)-[ a-D-galactopyranosyl-(1-6)-1,
-o-D-glucopyranosyl- (1-2)- B-D-fructofuranoside

ajugose o-D-galactopyranosyl-(1-6)-[ a-D-glucopyranosyl-(1-6)- ],

-o-D-glucopyranosyl- (1-2)- B-D-fructofuranoside

11: Hedley (2001)
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Table 4. Concentrations of carbohydrate composition in legume species.

Legume  Starch Sucrose Raffinose Stachyose Verbascose Fiber  Total

species
Soybean 1.5 6.2 0.9 43 0.1 20 325
Lupin spp. 0.4 2.5 0.7 6.8 0.6 26 36.7
Chickpea 44.4 2.0 1.5 5.5 3.0 9 65.3
Mung bean  45.0 1.1 1.7 2.0 3.0 7 60.0
Pigeon pea 443 2.5 1.0 3.0 4.0 10 64.9
Jack bean 35.0 1.5 0.7 1.5 0.1 9 47.8
Common 41.5 5.0 0.3 4.1 0.1 10 61.3
Bean 41.0 33 0.2 0.7 2.5 12 59.8
Faba bean 46.0 2.9 0.5 24 0.9 12 64.4
Lentil 45.0 2.1 0.9 24 32 12 65.5

Fiber': 523 insoluble 118 soluble carbohydrates

111: Hedley (2001)
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Table 5. Comparison of total dietary fiber content in cereal grains.

Cereals Total dietary fiber (%, db)
Legumes 13.6-28.9
Rye 15.5

corn 15
Triticale 14.5

Oat 14

wheat 12
Sorghum 10.7
Barley 10
Finger millet 6.2-7.2
Rice 1.9£2

111: Charalampopoulod taz A (2000)
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Table 6. Positive and negative features of extrusion and emulsion techniques.

Extrusion Emulsion
Technological feasibility Difficult to scale up Easy to scale up
Cost Low High
Simplicity High Low
Size of bead 2-5mm 25 pm-2 mm

11: Krasaekoopt LazAE (2003)
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Table 7. Effect of cell load on viability of encapsulated L. acidophilus CSCC 2400 bacteria in

simulated gastric condition (pH 2 for 3 h at 37 °C ).

Initial cell load simulated gastric condition
(CFU/ml) Oh 3h
7 7 5
10 4.1+1.0 x 10 1.2+1.8 x 10
8 8 5
10 22413 %10 7.842.4 x 10
9 9 6
10 3.5+0.9 x 10 6.1+1.1 x 10

11: Chandramouli L1aEAMY (2004)
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2.1.1 Lactobacillus plantarum TISTR 875
2.1.2 Lactobacillus acidophilus TISTR 1034
2.1.3 Lactobacillus plantarum CIF17 AS
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1. HC137% Lab scan/ Analytical/ Thailand
2. NaOH Merck/ Analytical/ Germany
3. De Man Rogosa Sharpe (MRS) Himedia/ Analytical/ India

4. NaCl Merck/ Analytical/ Germany
5. Peptone water Merck/ Germany

6. Bile salt (Oxgall) Himedia/ India

7. Bromocresol purple Ajex Finechem/ Analytical/ Australia
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8. CaCl,2H,0
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10. K,HPO,

11. KH,PO,
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1. 1A309%INATioY 2 A1ie 3u BP2100S
2. nF0IFINAToY 4 AMU U BP221S
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v ¢
4. NADNYANTIAY

Y
] A Y
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8. é’aumqﬁu”laﬁyw (autoclave) 31 SS-325

9. Te¥iiAns (pH meter) 7U Metter Toledo 320
10. TuTastlnla (vune 10-100 lunsans)

11. TuTasilile (e 10001y Tasans)
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Ajex Finechem/ Analytical/ Australia
Ajex Finechem/ Analytical/ Australia
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Sigma/ Analytical/ Germany

Sigma/ Analytical/ Germany

Fluka/ Analytical/ Germany

Fluka/ Analytical/ Germany

Ajex Finechem/ Analytical/ Australia

Fluka/ Analytical/ Germany

A v Y

Y3tngwan/ Uszima

Satorius/ USA
Satorius/ USA

Labnet/ USA

Nikon/ USA

Schwabach/ Germany

Scientific promotion/
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Biichi Rot.awapor® R-200/205, Switzerland

Tomy/ Japan
Mettier Toledo/ Thailand
LabMate/ USA

Gilson/ France
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Table 8. Encapsulation yield of probiotic cells encapsulated in alginate microspheres.

Log CFU/ml Encapsulation yield
Probiotic strains
Initial After encapsulated (%)
L. acidophilus TISTR 1034 9.38+0.03 8.37+0.02 89.29"
L. plantarum TISTR 875 9.55+0.06 8.39+0.02 87.86°
L. plantarum CIF17 AS 9.09+0.02 9.06+0.02 99.63"

Data were mean values of triplicate determination + standard deviation

Mean within columns not sharing the same superscript are significantly different (p<0.05)
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Figure 7. Particle size distribution of bead from encapsulated L. plantarum CIF17 AS
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Table 9. Effect of alginate encapsulation on probiotics survival after exposure to simulated

gastric juice pH 2.0 for 3 h at 37 °c.

Log CFU/ml Survival (%)
Probiotic strains

Free cell Encapsulated cell Freecell Encapsulated cell

L. acidophilus TISTR 1034 2.1140.03 5.47+0.04 22.47+0.29 65.4940.53°
L. plantarum TISTR 875 3.44+0.09 6.29+0.02 35.76+£0.94 74.79+0.99"
L. plantarum CIF17 AS 3.48+0.01 7.94+0.03 37.68+0.10 83.57+0.28"

Data were mean values of triplicate determination + standard deviation

Mean within columns not sharing the same superscript are significantly different (p<0.05)
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Figure 8. Effect of crude fibers from various root crops as co-encapsulant on a) survival and b)
cell viability (log CFU/ml) of L. plantarum CIF17 A5 after exposure to simulated

gastric juice pH 2.0 for 3 h at 37 °C.
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Figure 9. Effect of beetroot crude fiber concentration as co-encapsulant on a) survival and b) cell
viability (log CFU/ml) L. plantarum CIF17 A5 after exposure to simulated gastric juice

pH 2.0 for 3 h at 37 °C.
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Figure 10. a) %Survival and b) cell viability (log CFU/ml) of encapsulated L. plantarum CIF17

A5 after exposure to simulated gastric juice (pH 2.0 for 3 h) and bile salt conditions

(bile salt 0.3% for 6 h).
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Table 10. Comparative survival of free cell and encapsulated probiotic originated from human rat

and sauerkraut after exposure to simulated gastric juice pH 2.0 for 3 h at 37 °C.

Viable cells (log CFU/ml)

Probiotic strains

Free cell

Encapsulated cell

Before After

Before After

L. plantarum CIF17 A5
L. acidophilus TISTR 1034

L. plantarum TISTR 875

9.11+0.05 3.43+0.07

940+0.13 2.11+0.03

9.61+0.05 3.44=+0.09

9.05+0.36 7.57 £0.04

8.35+0.24 5.47+£0.04

8.41+£0.33 6.29 =0.08

Table 11. Effects of prebiotics and crude fibers as co-encapsulants on survival of L.

plantarum CIF17 A5 after exposure to simulated gastric juice pH 2.0 for 3 h

at 37°C.
Viable cells (log CFU/ml)
Prebiotics
Before After
free cell 9.13+ 0.03 3.40+0.47
encapsulated cell 9.14 £0.05 7.47+£0.52
co-encapsulated (sweet potato) 9.12 +£0.02 7.39 £ 0.86
co-encapsulated (potato) 9.19£0.05 7.81£0.33
co-encapsulated (beet root) 9.68+0.10 8.33+0.47
co-encapsulated (FOS) 9.04 +0.03 7.43 +0.94




Table 12. Effects of different beet root crude fiber concentrations on survival of L. plantarum

CIF17 A5 after exposure to simulated gastric juice pH 2.0 for 3 h at 37 °C.

&4

Viable cells (log CFU/ml)

Cell
Before After
free cell 9.25+0.10 3.49 £0.08
encapsulated cell 9.37+0.02 6.88 £0.02
co-encapsulated 1% beet root 9.75+0.09 6.02 +0.03
co-encapsulated 2% beet root 9.85+0.04 8.65 £0.09
co-encapsulated 3% beet root 9.20+0.14 7.94 +0.09
co-encapsulated 2% FOS 9.04 £0.04 7.44 £0.04




Table 13. %Survival and cell number (log CFU/ml) of encapsulated L. plantarum CIF17 A5 after exposure to simulated gastric juice (pH 2.0 for 3 h)

and bile salt conditions (bile salt 0.3% for 6 h).

Incubation Free cell Encapsulated cell Co-encap beet root Co-encap FOS

time (h) Log CFU/ml % Survival Log CFU/ml % Survival Log CFU/ml % Survival Log CFU/ml % Survival
% 0 9.28+0.05 100.00+0.59 9.30£0.10 100.00+1.12 9.61+0.07 100.00+0.71 9.06+0.07 100.00+0.83
% 1 7.48+0.11 80.60£1.16 8.89+0.04 95.57+0.40 9.15+0.10 95.17+1.08 8.78+0.05 96.95+0.55
;Z 2 5.65+0.11 60.88+1.14 8.12+0.04 87.39+0.47 8.60+0.07 89.45+0.73 8.08+0.07 89.18+0.79
® 3 3.54+0.12 38.17+1.14 7.54+0.07 81.15+0.75 8.33+0.07 86.70+0.76 7.57+0.10 83.60+1.12

4 3.52+0.07 37.89+0.72 7.41£0.06 79.66+0.63 8.32+0.04 86.55+0.41 7.41+0.05 81.79+0.56
o 5 3.52+0.03 37.92+0.37 7.30+0.07 78.48+0.74 8.20+0.07 85.29+0.74 7.25+0.09 80.00+1.01
§ 6 3.45+0.08 37.21+0.91 7.22+0.05 77.64+0.51 8.16+0.04 84.91+0.39 7.06£0.06 77.89+0.67
g 7 3.38+0.04 36.47+0.44 6.98+0.17 75.12+1.82 8.10+0.13 84.31£1.32 7.04+0.09 77.75+1.01
g 8 3.33+0.05 35.91+0.49 6.68+0.06 71.87+0.59 8.03+0.10 83.56+1.01 7.01£0.13 77.33+1.39

9 3.30+0.04 35.59+0.46 6.45+0.11 69.42+1.19 7.98+0.07 83.06+0.71 6.88+0.07 75.96+0.82

Co-encap beet root; co-encapsulation with 2% beet root crude fiber.

Co-encap FOS; co-encapsulation with 2% fructooligosaccharide.

S8



Table 14. Viability of L. plantarum CIF17 A5 (log CFU/ml) in various concentrations of salt.

Viable cells (log CFU/ml)
Medium Cell Storage period (days) at 4 °C
0 1 4 7 14

Free Cell 8.08+0.14 | 7.98+0.14 | 6.61+0.14 | 6.63+0.14 | 6.14+0.14

Encapsulated | 8.02+0.09 | 7.93+0.09 | 7.73+£0.09 | 7.69+0.09 | 7.77+0.09
MRS

Encap BR 8.07+0.14 | 8.03+0.14 | 8.00+0.14 | 7.99+0.14 | 7.88+0.14

Encap FOS 8.06+0.12 | 8.01+0.12 | 7.84+0.12 | 7.93+0.12 | 7.87+0.12

Free Cell 8.08+0.14 | 7.88+0.22 | 7.34+0.19 | 6.46+0.20 | 5.21+0.08

Encapsulated | 8.02+0.21 | 8.04+0.09 | 8.00+0.16 | 7.99+0.18 | 7.43+0.26
2% Nacl

Encap BR 8.07+0.17 | 8.07+0.14 | 8.06+0.09 | 8.03£0.23 | 7.54+0.30

Encap FOS 8.06+0.16 | 8.04+0.10 | 8.02+0.12 | 7.98+0.09 | 7.46+0.22

Free Cell 8.08+0.43 | 7.93+0.47 | 7.23+0.10 | 6.28+0.35 | 4.96+0.22

Encapsulated | 8.02+0.27 | 8.00+0.19 | 7.91+£0.17 | 7.88+0.18 | 7.16+0.14
4% Nacl

Encap BR 8.07+0.12 | 8.05+0.28 | 8.01+0.21 | 7.94+0.27 | 7.28+0.14

Encap FOS 8.06+0.19 | 7.99+0.12 | 7.97+0.12 | 7.84+0.22 | 7.20£0.29

Free Cell 8.08+0.20 | 7.94+0.22 | 7.46+0.37 | 5.44+0.19 | 2.63+0.18

Encapsulated | 8.02+0.33 | 8.00+0.08 | 7.82+0.16 | 7.52+0.31 | 6.63+0.29
6% Nacl

Encap BR 8.07£0.13 | 8.08+0.10 | 7.92+0.16 | 7.62+0.22 | 6.66+0.43

Encap FOS 8.06+0.26 | 8.07+0.22 | 7.92+0.17 | 7.56+0.31 | 6.57+0.25

Free Cell 8.08+0.22 | 7.96£0.18 | 6.75+0.19 | 3.94+0.12 | 1.62+0.41

Encapsulated | 8.02+0.18 | 8.00+0.45 | 7.84+0.08 | 7.59+0.25 | 6.28+0.14
8% Nacl

Encap BR 8.07+0.23 | 8.06+0.39 | 7.96+0.10 | 7.48+0.41 | 6.56+0.38

Encap FOS 8.06+0.18 | 8.01+0.22 | 7.78+0.07 | 7.28+0.18 | 6.49+0.44

Encap BR; co-encapsulation with 2% beet root crude fiber.

Encap FOS; co-encapsulation with 2% fructooligosaccharide.
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Table 15. Viability of L. plantarum CIF17 A5 (log CFU/ml) in various concentrations of

sucrose.

Viable cells (log CFU/ml)

Medium Cell Storage period (days) at 4 °C
0 1 4 7 14
Free Cell 7.95+0.10 | 7.88+0.20 | 7.62+0.31 | 6.97+0.44 | 6.36+0.44

Encapsulated | 8.19+0.08 | 8.15+0.23 | 8.04+0.15 | 7.994+0.06 | 7.96+0.21
MRS
Encap BR 8.15+0.09 | 8.09+0.22 | 8.00+£0.12 | 7.99+0.23 | 7.93+0.11

Encap FOS 8.17+£0.28 | 8.11+0.17 | 8.01+0.13 | 7.96+0.15 | 7.91+0.22

Free Cell 7.954+0.10 | 7.994+0.16 | 6.68+0.19 | 6.06+£0.16 | 5.54+0.10
Encapsulated | 8.194+0.08 | 8.09+0.33 | 7.99+0.10 | 7.87+0.07 | 7.50+0.38
5% Sucrose
Encap BR 8.15+0.09 | 8.08+0.14 | 7.97+0.14 | 7.88+0.08 | 7.55+0.17

Encap FOS 8.17+0.28 | 8.04+0.24 | 7.96+0.22 | 7.88+0.22 | 7.42+0.20

Free Cell 7.95+0.10 | 7.91+0.23 | 6.41+0.31 | 5.87£0.22 | 4.96+0.19
Encapsulated | 8.19+0.08 | 8.11+0.18 | 7.56+0.27 | 7.384+0.10 | 5.86+0.23
10% Sucrose
Encap BR 8.15+0.09 | 8.10£0.11 | 7.81£0.16 | 7.66+0.37 | 6.38+0.07

Encap FOS 8.17+0.28 | 8.15+0.18 | 7.62+0.23 | 7.63+£0.26 | 6.30+0.12

Free Cell 7.954+0.10 | 7.84+0.13 | 6.33+£0.18 | 5.62+0.45 | 2.24+0.33
Encapsulated | 8.19+0.08 | 8.12+0.22 | 7.984+0.20 | 7.49+0.42 | 5.634£0.25
15% Sucrose
Encap BR 8.15+0.09 | 8.12+0.15 | 7.92+0.27 | 7.58+0.16 | 6.84+0.11

Encap FOS 8.17+0.28 | 8.11+0.28 | 7.89+£0.27 | 7.52+0.12 | 6.73+0.27

Free Cell 7.95+0.10 | 7.46+0.39 | 6.46+£0.68 | 3.85+0.44 | 1.70+0.48

Encapsulated | 8.19+0.08 | 8.04+0.21 | 7.41+£0.37 | 6.14+0.22 | 3.95+0.18
20% Sucrose
Encap BR 8.15+£0.09 | 8.08+0.18 | 7.33+£0.16 | 6.15+£0.26 | 4.23+0.39

Encap FOS 8.17+0.28 | 8.02+0.15 | 7.27+0.17 | 5.95+0.71 | 4.15+0.15

Encap BR; co-encapsulation with 2% beet root crude fiber.

Encap FOS; co-encapsulation with 2% fructooligosaccharide.
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Table 16. Viability of L. plantarum CIF17 A5 (log CFU/ml) in various concentrations of

skim milk.
Viable cells (log CFU/ml)
Medium Cell Storage period (days) at 4 °C
0 1 4 7 14
Free Cell 8.07+0.11 | 8.02+0.11 | 7.90+0.03 | 7.63+0.20 | 7.40+0.30

Encapsulated | 8.11+0.25 | 8.10+0.24 | 8.00£0.16 | 7.96+0.22 | 7.72+0.42
MRS
Encap BR 8.12+0.17 | 8.10+0.26 | 8.03+0.18 | 8.01+0.07 | 7.80+0.40

Encap FOS 8.11+0.31 | 8.06+0.23 | 8.01+0.13 | 7.89+0.26 | 7.78+0.15

Free Cell 8.07£0.11 | 8.04+0.20 | 7.88+0.23 | 7.59+0.23 | 7.21+0.18
Encapsulated | 8.11+0.25 | 8.09+0.11 | 7.99+0.22 | 7.90+0.02 | 7.77+0.38
5% skimmilk
Encap BR 8.12+0.17 | 8.15+0.16 | 8.02+0.29 | 7.98+0.15 | 7.87+0.37

Encap FOS 8.11+0.31 | 8.05+0.26 | 8.00+0.14 | 7.85+0.29 | 7.73+0.14

Free Cell 8.07£0.11 | 8.02+0.17 | 7.96+0.19 | 7.61+0.31 | 7.43+0.24
Encapsulated | 8.11+0.25 | 8.04+0.18 | 8.01+0.24 | 7.96+0.17 | 7.81+0.20
10% skimmilk
Encap BR 8.12+0.17 | 8.08+0.13 | 8.04+0.27 | 8.04+0.19 | 7.92+0.27

Encap FOS 8.11+0.31 | 8.09+£0.55 | 8.01£0.26 | 7.96+0.19 | 7.74+0.20

Free Cell 8.07£0.11 | 8.07£0.29 | 7.94+0.19 | 7.71£0.33 | 6.96+0.46
Encapsulated | 8.11+0.25 | 8.10+0.18 | 8.05+0.32 | 8.02+0.18 | 7.86+0.23
15% skimmilk
Encap BR 8.12+0.17 | 8.08+0.23 | 8.02+0.16 | 8.02+0.25 | 7.97+0.25

Encap FOS 8.11+0.31 | 8.11+£0.19 | 8.07+0.11 | 8.01+0.12 | 7.89+0.13

Free Cell 8.07+0.11 | 8.05+0.14 | 7.90+0.27 | 7.64+0.22 | 6.95+0.43
Encapsulated | 8.11+0.25 | 8.07+0.28 | 8.03+0.17 | 7.97+0.18 | 7.62+0.40
20% skimmilk
Encap BR 8.12+0.17 | 8.11+0.24 | 8.04+0.20 | 8.01+0.08 | 7.90+0.24

Encap FOS 8.11+0.31 | 8.10+£0.26 | 7.97+0.15 | 7.92+0.26 | 7.81+0.23

Encap BR; co-encapsulation with 2% beet root crude fiber.

Encap FOS; co-encapsulation with 2% fructooligosaccharide.
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Tablel7. Influence of acid on the viability of L. plantarum CIF17 A5 (log CFU/ml) in

MRS adjusted to pH 4.5 with various kinds of organic acids.

Viable cells (log CFU/ml)
Medium Cell Storage period (days) at 4 °C
0 1 4 7 14
Free Cell 8.10+0.14 | 7.96+0.34 | 7.72+0.25 | 7.04+0.37 | 6.44+0.26
Encapsulated | 8.11+0.25 | 8.07+0.15 | 8.02+0.13 | 7.96+0.27 | 7.83+0.36
MRS

Encap BR 8.13+0.25 | 8.11+0.22 | 8.08+0.25 | 8.06+0.19 | 8.01+0.38
Encap FOS 8.09+£0.27 | 8.07+0.16 | 8.03+£0.20 | 7.98+0.15 | 7.944+0.24
Free Cell 8.10+0.14 | 7.89+0.31 | 7.73£0.36 | 7.06+£0.39 | 6.38+0.24
Encapsulated | 8.11+0.25 | 8.10£0.15 | 8.04+0.26 | 8.00+£0.17 | 7.96+0.31

MRS-HCI
Encap BR 8.13+0.25 | 8.06+0.51 | 8.05+0.28 | 8.01+0.20 | 8.00+0.23
Encap FOS 8.09+0.27 | 8.054+0.37 | 8.02+0.13 | 7.99+0.24 | 7.92+0.36
Free Cell 8.10+0.14 | 7.90+£0.45 | 7.73+0.29 | 7.04+£0.32 | 6.39+0.37
Encapsulated | 8.11+0.25 | 8.05+0.19 | 8.03+0.22 | 8.00+0.21 | 7.90+0.27

MRS-lactic
Encap BR 8.13+0.25 | 8.09+0.16 | 8.03+0.20 | 8.03+0.17 | 7.95+0.23
Encap FOS 8.09+0.27 | 8.05+0.25 | 8.03+£0.21 | 7.99+0.28 | 7.93+0.18
Free Cell 8.10+0.14 | 7.91£0.31 | 7.75+0.07 | 6.98+0.46 | 6.41+0.36
Encapsulated | 8.11+0.25 | 8.07+0.30 | 8.03+0.41 | 8.01+£0.13 | 7.86+0.31

MRS-acetic
Encap BR 8.13+0.25 | 8.08+0.05 | 8.07+0.18 | 8.07+0.14 | 8.01+0.09
Encap FOS 8.09+0.27 | 8.10+0.14 | 8.02+0.32 | 8.02+0.11 | 7.96+0.22
Free Cell 8.10+0.14 | 7.89+0.36 | 7.78+0.36 | 6.97+0.44 | 6.44+0.26
Encapsulated | 8.11+0.25 | 8.13£0.18 | 8.06+£0.24 | 8.02+0.18 | 7.86+0.29

MRS-citric
Encap BR 8.13+0.25 | 8.09+0.23 | 8.03+0.28 | 8.01+0.30 | 7.94+0.20
Encap FOS 8.09+0.27 | 8.094+0.52 | 8.07+0.23 | 7.99+0.30 | 7.93+0.10

Encap BR; co-encapsulation with 2% beet root crude fiber.

Encap FOS; co-encapsulation with 2% fructooligosaccharide.
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