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ABSTRACT

Survival of probiotic bacteria, including Lactobacillus plantarum CIF17 AS,
Lactobacillus plantarum TISTR 875 and Lactobacillus acidophilus TISTR 1034 encapsulated in
calcium alginate beads were tested under highly acidic condition of simulated gastric juice at
pH 2.0 for 3 h. Encapsulated L. acidophilus TISTR 1034 in 2% sodium alginate solution
by using 18G syring needle showed the highest survival of 45.36%. The survival increased
proportionately with increasing alginate concentrations and syringe needle size. Encapsulated
Lactobacillus plantarum CIF17 A5 (animal origin) showed the highest survival of 71.11%, whereas
encapsulated Lactobacillus plantarum TISTR 875 (fermented food origin) and Lactobacillus
acidophilus TISTR 1034 (animal origin) exhibited only 31.88 and 25.08 % of survival, respectively.
Microencapsulation enhanced acidic survival of all probiotic strains compared to free cells. Survival
of Lactobacillus plantarum CIF17 A5 co-encapsulated with ten different potential prebiotics were
evaluated under simulated gastric condition. Lactobacillus plantarum CIF17 A5 co-encapsulated with
2% soybean crude fiber showed the highest survival of 84.39% (p>0.05) after acidic exposure at pH
2.0 for 3 h, while the control groups including free and microencapsulated cells exhibited 61.92 and
68.78% of survival, respectively. Addition of 3% (w/v) soybean crude fiber significantly enhanced
survival of Lactobacillus plantarum CIF17 AS from 68.78 to 85.30%. Chitosan coating of the
soybean crude fiber co-encapsulated probiotic increased survival to 86.58% compared to that of
uncoated and alginate-coated, which showed 84.14 and 82.36% survival, respectively. Addition of
10% (w/v) sucrose as cryoprotectant enhanced survival of freeze dried, encapsulated Lactobacillus
plantarum CIF17 AS from 63.94 to 73.58% while skim milk and soybean crude fiber showed 74.39
and 70.46%, respectively. The sucrose concentrations of 15 and 20% (w/v) showed 77.62 and 78.78%

(p<0.05) survival of co-encapsulated Lactobacillus plantarum CIF17 A5 after freeze-drying,
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respectively. Survival of co-encapsulated Lactobacillus plantarum CIF17 AS after gastric juice
exposure at pH 2.0 for 4 h and bile salt exposure for 6 h was 80.02% while free cell and encapsulated
Lactobacillus plantarum CIF17 AS exhibited 55.71 and 61.55% survival, respectively. The release of
co-encapsulated Lactobacillus plantarum CIF17 AS in pH 8.0 was higher than at pH 5.0, 6.0 and 7.0.
Co-encapsulated Lactobacillus plantarum CIF17 AS stored in hard gelatin capsule and vacuum

aluminium foil bag at 4°C for 8 weeks showed higher survival than room temperature.
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1. Tusluledn (Probiotics)

s

Td5luTedn wanede yaunidnidiagailuemnaiuitilsz Tomiae

[

ymmveuntiulassgsielumsSuanqgavesgaunidludld (Adhikari et al, 2000)

fid) NP0}

wAa [ A I 1 A %} = o Y J 1
auauianuaeanziilunsalunszimnzemsuaznuasinaeiinalud 1dTasamIng
<3| 1 A . . . J g a
veitlunguuuaiSenan Lactobacillus 1% Bifidobacterium  wonnntidadi T luTodnlu
1 4 v a o 1 a § 4
naudU q Faaaslu Table 1. Taolls luTeAnvziimihidesomsuaznanasniilse Tean
laun nsmogd Ty nsauanan wasau Ialun Ialudl tazasil)Fiugsssumanatoriia
% 1 a g1 [ 4 an a 1 { a
Favzneliinailse Temines1ne (5151501 qads, 2542) TaeTds luTeannguilinsiduas
a [ S A = 1 <
Tundasuaiiionsus Inna 18uA Lactobacilli, Bifidobacteria, Streptococci a2 Enterococci 34

ianaly Table 2.

Table 1. Examples of bacteria used as probiotics.

Lactobacillus species Bifidobacterium species Other

Lactobacillus acidophilus  Bifidobacterium bifidum Bacillus cereus

Lactobacillus casei

Bifidobacterium longum Escherichia coli
(rhamnosus) - LGG
Lactobacillus reuteri Bifidobacterium breve Sacccharomyces cerevisiae
Lactobacillus bulgaricus Bifidobacterium infantis Saccharomyces boulardii
Lactobacillus plantarum Bifidobacterium adolescentes Enterococcus faecalis
Lactobacillus johnsonii Bifidobacterium lactis Streptococcus thermophilus
Lactobacillus lactis Trichuris suis

= @ Y 2
Ny 9ng INLDIY (2549)



Table 2. Examples of lactic acid bacteria used as probiotics for human consumption.

Lactobacilli Bifidobacteria  Streptococci Enterococci

Lactobacillus delbrueckii

B. bifidum S. thermophilus  E. faecalis
subsp bulgaricus
L. acidophilus B. longum Enterococcus faecium
Lactobacillus rhamnosus B. breve
L. reuteri B. infantis

L. casei

111 : Fooks t1agAmE (1999)
1.1 paeatiavedllsluledin

TusluTeamiugdunidiodoedlumudueviisvesnyuduazdad
GT'NI‘]Jihl‘]JTﬁlaﬂﬁnl15E]“]}’JEJf“'f\‘lLTd%quﬂ1wmﬂﬂlﬁ}1ﬁ1ulﬁ}a‘ﬁu msildsluTednansa
dua’%m;mm1weum!,%)1ﬁ'1u”lﬁ'ij"uTﬂi"lﬂaaﬂ%ﬁ’mmmmN'm’dmazmmgﬂuﬂimmzdwﬂu
maduemsdiudunazimadliniglus 1§y 18 Suwaiizells luTeAnfiavzdoad
ﬂmﬁuﬂ'ﬁﬁqﬁ

LL1 awsaadunsananin uazdfuanmuesssuumaduems ifedluanind
uuaiizeTaavesuasa dmn (Table 3.) (M2aduns MSw, 2533)

112 wuafigelisluTeAnfinvsfefinamnialumsnudensalunszmzonns 144
(Kontula, 1998) c’fﬁﬁL'e)sveumﬂiﬂhﬂixMW@MﬁTﬂﬂﬂﬂﬁﬂzaggflwﬁaﬂ 153 WO
TsluTedanveiinnuaninsalumsnunensa IAUANAAY W L. lactis, L. plantarum U@y
Lactobacillus fermentum MIADNIANTOIA A1015050AFIANTOY 2.56.5 1981 1.5 2 Tua u )
WUﬂWiﬁﬂﬂ%a@‘ﬁﬁL@% 1.0-2.0 s L. plantarum (Balcazar et al., 2008) Lactobacillus sake
(RM 10) U Pediococcus acidilactici (P2) ansaiidinsenldqegqaiifiiey 3.0 (Erkkila and
Petaja, 2000) c’fliqm'mwiaﬂimrmTﬂi”l‘uTaﬁﬂﬁqﬁuaejﬁmmdqﬁmﬂﬁ;Suvﬁ"ffTﬂﬂ Khalil uaz
Az (2007) 18uenTals luTeAnnnganszveudnmenninilsemad BuaR s ulse MU T
18705 luTeRniamun 55 merfiug wut 28 meniufon ss aeiuf aunsanunsaiiiies 3.0

v 4 [
w3 %2139 18 uon9ntl Maragkoudakis ttazaaiy (2006) laviimsusnuuaiizouandnid



wa a =] A a 9 v J 1
ﬂmﬁﬂﬂﬁlﬂuiﬂiqﬂjﬂﬁﬂ AMUUNUD G]f\iﬁ’]ll’]ﬁﬂl!ﬂﬂllllﬂﬂlﬁﬂllaﬂ@ﬂvlﬂ 29 TWNWUT UAZWUN
v o ] ~ [ o ] = Y] o
NOAWNUFTAINITONUADNTANLDY 3.0 ulﬂ 6 GIf'JIiN FWITONUADNTANLOY 2.0 llﬂ 3 GD"JIIN
v 7 ] ~ ] o
6 TIREINWUT LHASTINITINUADNIANIDY 1.0 Ulﬂ 1 615'3111\1

=

a { 1 H 4 a
113 TsluTeannfazdeaianuansaluminuaomaoiing Ia tiosanlumauau

Y o v 1

o3 Tnsmmnisnad 1dandudunsiindsihannasnduseus e lumsdeseyins
S0l FarzdautuduveanaeidZosas 0.15-0.30 (Erkkila and Petaja, 2000) 4 Succi
waznaz (2005) IAAAUENIUATIE oUaNAN L. rhamnosus 911019 Parmigiano Reggiano Hinude
naerha ldaTiau 1.0, 1.5 az 2.0 nlosigud

a =

" v w CAll =< [ v o 9 X ] Y o
1.14 aunsoudunuyaunsans Isalumssanmznunisd1d aagaeilenu
1q ¥ A A ' 9/ 1 9y A A o YA =] @ ¥y A A
lilRuuaiiGena Isaiunzuazaediumsnaeunvesar ldninisdiudr Iimaeunlu
v A . . = a A = 4 a 1
anyazgNAAY (peristalsis) N1391 115 luToAnmzmasuimismaudue1isazyeluns
. . a ydda! dyo,: 1 1 = Y 3
colonization 04115 luTednlaauu wenaniidamelunmsdesers uazmsgaduliily
lod191n@a®naae (Fuller,  1993) FI91ANITANBIVOS Zhong LATAMY (2004) 1A1I1A13
Y 9
ANMINANTIUIINTIANLUDUFD enterotoxigenic E. coli, enteropathogenic E. coli 1Ay
1 9
Clostridium difficile 1goymisd11d Taeld adhesin 11M1%0 B. adolescentis 1027 WU adhesin
Y
ANUAUTY 10, 20 u@ag 30 pg/ml A3 06UEINITIANZYD enterotoxigenic E. coli,
enteropathogenic E. coli ila¢ C. difficile ﬁg%uwﬁ’qﬁﬂ&’ 1

a A J

9 1 A [ g’.l 1 1 YA o ~ a
1.L1.5 U5 a I NAITAN 9 LW@ﬂUﬂQﬂﬁuﬂﬁﬂﬂ@Iiﬂuli]iﬂﬂﬁ]']u')u%ll']ﬂlﬂullﬂ
1 Aa o o 4 a a I
wu nsadunse lalasuleseen lud tazuuames Tedu Hudu (Fuller, 1993) Con Hay
v J v J
M (2001) llﬁLLfJﬂLL‘]JﬂﬁGEJ Lactobacillus 2 @3WUG LAY Pediococcus 4 @19WUT 910 sucuk
. a a a 3’, @ g’/ v o
FIATONAAUUAMDS 1oFu 1d MINUUANIHAMITUOI Listeria 16 @1OWUT FaLenIN
1 % 1 [ 4 @ g}J
sucuk (BUNU WU Pediococcus T1WWNUT 413, 416, 419 AL 446 T@NWTDYIVY Listeria
o P Y da'w 1 an . = I o a 1 1
ﬁ']EJ‘WLl‘ﬁ“VWlﬂ'ﬁf’J‘U“lﬂ uazuaﬂmﬂumwumgmu (reuterin) %QLﬂuﬁwﬂmaf]‘a@]mhhfl%
, < .
Tisauansaazareldaanfieasilunals MHaannuUARGEe L. reuteri (Helander et al., 1997)
o g’a A A 9/3'1 = 14 2’, Y]
fT"IiJ']'iﬂEJ‘]JENLUJ‘ﬂVILiElulﬂcﬂ\i!,!ﬂillﬂ?ﬂuﬁguﬂiua‘]_l Ygaen 91 53111/]\11‘]J51¢Mﬂ (Dasechel and
Klaenhammer, 1989)
v y : .
1.1.6 annsaadiaeu lal pectinase, [-galactosidase, amylase, protease, lactase a2

=) o Y v 9 4 1 ddﬂf (3 (4
cellulase W lvimsgos uazmsless Tesivesansoninsaia q Avu (@ie Auls, 2535)
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1.1.7 nszquaiiquiu ssamnsonu I TunuaiiFengu Lactobacillus Namnsonszqu

q

1 A A X I
mMsasa gamma globulin, gamma interferon HAZHUTTNUNINTTVUDI macrophage Fauilu

[ a R

ANHAVDINTNIAYAUNTIND 15A0ONIINT N (Fuller,  1993) H4 Kaila  tazAne (1992)
a [ 4 ad 1 1 [ 1 o [
Lactobacillus sp. Mnwaasuaiuuias TomsalidieTsanessaesuilsemumnihlisame
U a @ 3 I 3 s A @ ' { [} [
Aheannsoasugliquiuldavuie oo nlesidud Wemeunudilen 14185v Lactobacillus sp.
= 9 Ay o J I 14
Umsadrgiquiu 46 wesidug
{ a 3 o ! ool o
1.1.8 aaanudeslumainavzisad 1d14a) (colon cancer) Taoag lilaaion laainidlu
a 3 1
TUNQUDINIT 1NATTANLITI 195 [B-glucuronidase, azoreductase, nitrate reductase UAE
1 2 a [ 4
B-glucosidase (Saarela et al., 2000) Goldin 1182 Gorbach (1980) 51841UIINTUS InARAAN N
$ a [ [ o 4 ¥
WAV L. acidophilus Miteaasieaamsiniaiuveaen o dimethylhydrazine (DMH) @4
= 0 q Ya < oMY 1w 1 4 )
mittenh liinauzsalud 14 uadamenuszos latency Tuwnylaondae
[ 4 =\ A a a A A 9 4
1.1.9 aamsduasigdelumilunyluszuumaaueimisivorinuns lslse Toal
YOIAIIAN ) 13198 (@Wiy AU S, 2535)
1.1.10 anseAUAoladnesealuaen (Kailasapathy and Chin, 2000) Buke (g
9
Gilliland (1994) 1&1en L. acidophilus 31nganszvesoraa@insnnuulagnyinsanszau
ADIAAIADTOA 1WA0A WU L. acidophilus 016 @11509ATUADIANIADTOA IANINTITA Ao
50.9 ug/ml 118 L. acidophilus C14 9Funo1ada030a |a 47.1 ng/ml
A o ' 3 a ' °
L miuswauldediesamia nazawsolidiaed lud 14 1duudseua
24 97739 (WIATUNS WIFABN, 2533)
Y (% a . é a d' 1 [} a
1.1.12 Y09 Ui lactose  intolerance  FUNANINNTNTWMBNYHE LianNsanan
¢ IR 1 < Y o q¥a Y A A g A A o
wulmianmaungesimauanlaa’ls i ldinaeimstedansenoude eiullsznuerns
{ 1 3 1 ] ] a o J
nihaauanTaed 1l dulngjvznuunludIvajuazdgeery TaellsluTeAnunsaenug
a 4 % [ a
aunsowaneu T B-galactosidase #9309 1UN5AA lactose intolerance (Fooks ef al., 1999)

1.1.13 @113 018991M15 Y099 aUN3 60 13A (Fuller, 1993)



Table 3. Health promoting effects and mechanisms of probiotic substances.

Beneficial effects

Mechanisms References

Reduce risk of
pathogen infection
Improve mineral
absorption
Decrease lipids and

chloresterol

Decrease risk of

cancer

Immune system

Reduce
constipation

Reduce diarrhoea

Decreased pH and produced bacteriocins Tzortzis et al. (2004)
inhibited growth of undesirable bacteria
Decreased pH; increased mineral solubility Bosscher et al. (2003)
-Increased short-chain fatty acid (SCFA) Delzenne et al. (2003)
modulated lipogenesis

-Lowering of pH & biles precipitation
-Suppression of hepatic triglyceride and very
low density lipoprotein (VLDL) synthesis
-Reduced fatty acid synthesis in the liver
Increased butyrate; fule for colonocytes and Brady et al. (2000)
cell differentiation

Decreased bile acid formation

Decreased genotoxic metabolites and enzymes

and carcinogens

and  Field

Direct contact of lactic acid bacteria or Schley

bacterial product with immune cells in the (2002)
intestine Salminen, S. (2001)
Production of SCFA

Feacal bulkink and fibre like effect Mizota.(1996)
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90un3152310U (microflora) Ne1deludr 1darn1sari Tl lunmsiayaulauas
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% I ' o . . .
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Figure 1. The possible mechanisms of prebiotic action.

131 : Ouwehand tazAME (2005)
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NNNGUOI1NNNedIAY (Ohta ef al., 1998)
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Figure 2. Chemical structures of fructo-oligosaccharides.

117 : Gibson LAy Angus (2000)

Table 4. Concentration of fructo-oligosaccharides in various foods.

Source Percentage of FOS
Barley 0.15
Tomato 0.15
Onion 0.23
Banana 0.30
Brown sugar 0.30
Rye 0.50
Garlic 0.60
Honey 0.75

N Sangeetha HagAME (2005)

2212 nwanlaled Inusan 134 (Galacto-oligosaccharides, GOS)
nuanlaled Inusaa lia Wuled Inusan lsanumuan laaiusndsznou

. ¥ P o ad o 7 < P
(Figure 3. wulwmihuwuywd iwd Tensa tazdaasizduannuanlaa Taowou o]
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l ] v a 1 1 1 a 4
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Figure 3. Chemical structures of galacto-oligosaccharides.

111 : Gibson 1A Angus (2000)
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= a J dy a A d o Y 1 @
yooDuled lInuwanlsa Taotsogaunioludr1dIvng lueraradnsiwayie 6 au
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YDIYAUNTINGW Bifidobacteria  1HUAUDY 6 1911 LATAIWITOAATIUIUVDIAUNT ONQY
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Maitin, 2002)
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Figure 4. Chemical structures of oligosaccharides in legumes.

11 : Kotiguda LLagamie (2006)
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Figure 5. Chemical structures of A) chitin and B) chitosan

111 : Barreteau HagAML (2006)
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2.2.2 w3 luladni lasnmsaunsizsi
222.1 uanlaglAsa (Lactosucrose, LS)
a o ¢ Y ¥ <
uanTaylasanaauinnmsdunsizianasasauvesimanan lnduaz
4 A =Y a
g Insa (Figure 6.) Tagldou e p-fructofuronosidase azlinmauiia lihasumsnsgues
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q

4
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CM:0N  CH:0H  CH:0M
0 /0
i H
Ho /!
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g\ B/p \\OH i HO ) con
H o OH

Figure 6. Chemical structure of lactosucrose.

111 : Ohkusa HazAME (1995)
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Tuermaiias 2 awdunal 4 da1r wunlsnaveauanFengy Lactobacilli  (WNAY

dyw 9 o a < ) 9 1 ~ PR 9 [ a
wonanideagunsolosnumsinanzised1d v Taolinaaaou ladfmeddesnunisnan

1 I~ . 1 . . I Y
#15NBNLLIN (carcinogens) k¥ U PB-glucuronidase, nitroreductase (LAY azoreductase Wuau
(Tuohy et al., 2005) FIA0ANADINUNITIIBIUVOY Ballongue uazaae (1997) Ay lag
Tduany Taauneraaiing 36 au Usuim 20 n3u/Au wunaansoinnlSuaves Lactobacilli

Y
= v o = I

dnnadaanlSunaues Bacteroides spp., Clostridium spp. a2 Coliforms bacteria t1unals

P a 9 [ 1 I~ s A A A '
ﬁ’nJTiﬂﬁﬂLE)uhlG]ﬁJW,ﬂﬁl’JGUENﬂ‘]JE’fﬁﬂfJiJmiQ L!ﬁ%ﬁWiLNﬂWU@VlﬁﬂﬂWﬁ@liﬂmmﬂﬂliﬁlﬂﬂiiﬂ



18

4 |l v
manillaaae ¥elaslnandnany lad lilinselidesninlueimisna lddauuniinisii
3 a 1 a [ 4 A a
uaay Taa l1dduasauuasluomsriaa o a5 ugunmdys 1na
a 4 . .
2223 lolsuealnlod lnuwsanlse (Isomalto-oligosaccharide, IMO)
a 4 [] (] %,‘ 4 1
loTawoalalod Inuanm lsailsznoudlenilegosvonimang Inmyouso
Y] { 1 o
ANUBE 0,1-6 glycosidic linkage gnifasuannnuilaTaemsldnszuiumsdos Tagldou lan]
g’J g}J 1 4 1 o
2 Tupeu Ao Tunoumsdoouilsdooulsi a-amylase t1ag pullulanase 5uMU lumsdnywa
a I a a a 1
vo4'lo Tawoa lnTod Inuwam lsdnemsiaiumsws yueelis luTedn nqu Bifidobacteria 1ng
. a s " A d
195211 Human colonic-batch culture #aiim3ian IMO ad 11 10 wlosidud wuatiinar 24 $11uq
a 14 A o ?11/
loTaweaIalod Inuann lsaa1mnsaiius1UIUY04 Bifidobacteria 8N4 in vitro WA in vivo 1182
W31 UB4 Clostridia aAS1HIUAIAIY (Rycroft ef al., 2001)
A 4 . .
2224 ﬂgiﬂiﬂaiﬂu@]ﬂﬂﬂﬂiﬂ (Gluco-oligosaccharide, GOS)
a S %1 1 o Y
Tod Inusam lsaniszneudeiimang Inaunaenua oW use B-1,6 glucosidic
. 3 a s o <Y Pl A a
linkage 1JuTod Tnusan lsanunanmsdunsizriaomulesl glucosyl-transferase NWan Ing
a A J . A [ Y %) Iy [
AUNTY Leuconostoc mesenteroides iT0019TANANIN B-glucan nnauIonuaz 1atimseen Su

< a 4 ' ¥ a 4
WuemM1sgum W (functional food) tazng InTed Inuwnaai l5a gndosdreyeyaunsangu

Q

a A J

Bifidobacteria 8nk3U B. bifidum 102Nt 08 1Agqa U5 enqu Bacteroides 11z Clostridia 11 11gnt oy
@ ’JEJﬂEj‘JJ Lactobacilli
2225 lylaledlnuwaalse (Xylo-oligosaccharides) (XOS)

4
loTaTed Tnuxanlsd HilaseadandnidsznoudreTuanavesiitnia

a 1

I Taahaenudowuse p-1.4 lelalod Inuananlssrzgniesnioaauns dngu Bifidobacteria

LR Y a A A P - ° a A
11ag Lactobacilli “]NilWaiﬁﬂqaumﬁﬂﬂﬂﬂﬁziﬂ%uw\lﬂmu HAZTINITDAATIUIUYAUNTYINQY

=) |2 ?)} % 1 90’ v
Bacteroides 18 210m 317 s TaTod Tnusaa lsa USuia 6 1odidua uimiinaetiniin

4 1

UANYNAADY WU AINITUNUTIUIUAUNIINGY Bifidobacteria 1aAN31n15 1%
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g151) u nuanlaled Inusamlse  T¥en1en1sa1 Ao Tod Inwm (oligomate) NWAANININ

a

uanlaa Fufluveudeniidymlumsmidaunlugaamassuuy Tasvirluvnlgasedd

®ulan] B-galactosidase ifudng Iz e lanananilu nuaalaled Tnusam lsd Hudu

£y

Table 5. Structure and composition of commercially available prebiotics.

Substrate Oligosaccharide structure Composition
Raftilose P95 Glua1-2[BFrul-2] where n=2-9 95% oligosaccharides
average 4-5
Raftiline LS Glua1-2[BFrul-2] where n> 10 99% inulin
average 10-12
Lactulose Galf1-4Fru 99% lactulose

Xylo-oligosaccharides

Oligomate 55

Soybean oligosaccharides

Isomalto-oligosaccharides

Xylp1-4[Xyl], where n=2-7
0-Glul-4[BGal1-6]_

where n = 1-4 average 2

Stachyose (Galo1-6 Galo1-6
Glua1-2 BFru)

Raffinose (Galo1-6 Gluat1-23Fru)
Glua1-6 [Gluv1-6] where n = 1

average 1-2

35% oligosaccharides
50% oligosaccharides,
12% lactose, 38%
monosaccharides

25% stachyose, 10%
raffinose, 50% sucrose,
15% monosaccharises
91% oligosaccharides, 2%
glucose, 7% high

molecular weight (n >11)

11 : Rycroft LazAme (2001)
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' a I
3-10 Tuwana 1w W Tua Hlaseadraiu o-gal-(1-6)--glu-(1-2)-B-fru (Table 6.) Taoi]
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Tunandaes szldSnaTdsdugeniins Tulawsa nazdstiihiuiudiulsznoudn
T W ' v SR Y} s 2 IS
uanaenu ldugazaewus saauunudiosndsznonvesns lulamsaazidlunin soluble
[ 14 o 1 v J a
carbohydrates Aduaaalu Table 7. a5 1ulawmsalunuaazareuglsznoudie s Tua
A s 2 g o Aa ¥ o o
@17 lod (stachyose) LDV IAT (verbascose) Fuilums lulawsaniiminluanas
J Q'/ % L} L} =Y
(low molecular weight) Tagms 1u laasaluiisasznanivaeglunqus i Tue (Hedley, 2001;

Martinez-Villaluenga et al., 2005)

Table 6. Structures of oligosaccharides in legumes.

Oligosaccharides Structure

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

stachyose o.-D-galactopyranosyl-(1-6)- o.-D-glucopyranosyl-(1-6)
-0-D-glucopyranosyl-(1-2)- B-D-fructofuranoside

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

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

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

111 : Hedley (2001)
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Table 7. Concentration of carbohydrates composition in legume species.

Legume Starch  Sucrose Raffinose Stachyose Verbascose Fibre total
species

Soybean 1.5 6.2 0.9 4.3 0.1 20 32.5
Lupinspp. 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 44.3 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
Fababean 46.0 2.9 0.5 2.4 0.9 12 64.4
Lentil 45.0 2.1 0.9 2.4 32 12 65.5
Pea

Fibre': 523 insoluble 1182 soluble carbohydrates

111 : Hedley (2001)
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A P E < 3
2001 8191 Korakli and Vogel, 2006) tazvinInamoesosadsznoumiluihmansalad oy
[ X { 1 a 3 d Aa e
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Y] 4 o ?11/ {
FUATIZH Ao glucosyltransferase 1ae fructosyltransferase MUAIRY uazlasAadung
o a2
anusumnzlumskaanoiaay Insa
. < a s J < ¥ 1 a o
heteropolysaccharides (HePSs) 111 Inamesnosnlsznouiluimanwnrtiany
= == a [ ] a a dy 9 A %’ A d o ]
Fawuaiizouanan lavduIvnajawnsonan EPSs tiailld Tasimaniluesnlsznoudon
a X 1 < & v ! 3 3
meluagInawesinnuihmaniuanIaa vazng laaduaiulvg tazuenssonnnuiiniag
<3 1
usu Tua WyaTaa uuulua vazmuan Iaa uanwnlulSinaies (Degeest ef al., 2001; Van den
Berg et al., 1995)
11NNMINAADIVDIUUNUT 1TYN0A (2550) B9 lanadonanyU Az AMANIA
I ~ a I = 4 a A a v 1
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won o Tnausnn 15ANYe W, cibaria A2 @NSOEUATUNSINGY B. bifidum |9
4 . .

3. taulee1ns (Dietary Fiber)

Y A a a L. a s AR ' '
iduleerms A enswananiiu (lignin) wag Indusan lsanniyda ligndes
4 ) o
Ao lasinnnszmnzuazad ldueauypd Bermink (1994 8191A8 Rupasinghe tazABIE 2008)
= v Aa 4 v 9 ] 9 I 1 A oA g
Uaa. 1950 wWnIneenaasunngyldutaduleomseenilu2 ngu Ae nguiazateii
1 a (% | Y X ' Y A 3 =
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[ dy @ ' y a < °
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(Kelsey, 1978) uazdnngu fie nquit liazateni (insoluble fiber) 154 1ag Tad(cellulose) Andin
tazigiiyag aa (hemicelluloses) VYA Li?f’u“lﬂﬂ’cjuﬁ%zﬁﬁamﬁumammqﬂmﬁz Wldszuums
dunedlulieenelnd :isail gads, 2542) @ewnaniuINNEAATUNIIA (National
Academy of Sciences, NAS) lRutisnguueaduleomiseoniiu 3 ngu Fangugamensoungu
fenguued Induana lsatazaniiu (nondigestible carbohydrates and lignin) finudenszuums
gorlumadiuemns Fedqamniddiung luTedn 18uA fu waglaa 51917180 (at bran)
$187aa (wheat bran) Tnesiananesian Widuls1dun Syfvaiiaae q uazs1dn Fazld

S nanduloeninanuanaanu lamsiiaueany dauaadly Table 8.

Table 8. Comparison of total dietary fiber content in cereal grains.

Cereals Total dietary fibre (%, 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 LazANE (2000)
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Figure 7. Microencapsulation (extrusion and emulsion).

n Krasackoopt (gt (2003)
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Figure 8. Chemical structure of alginate.

11 : Chaplin (2008)
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Figure 9. Chemical structure of (a) carrageenan; (b) k-carageenan.

131 : Chaplin (2008)
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Figure 10. Chemical structure of chitosan.

111 : Chitosan (2007)

=

d’ =1 a a a a [ 4 =
iloennianuteulumsasuldsTuTeanlunansusio1nis 393

= A A aAa a 1 9 SR & Y| Y] 4
msanuWaiumMIseadInves s lulednlasmsvedusadsuilumsilosnuwaanin
9 ~ ] a [ o a @ 4 .
anmzedoni himmnganlundasusinaznszurumsuisgUnansi mai 1115 Chandramoulia
$ ] $ %’ ] [
HAzAME (2004) ANYIMITOATINVON Lactobacillus spp. Ngnvieruluanzigmitges nu

v
=

L. acidophilus CSCC 2400 FagnveriusiguaaiGondadiun aunsnsondia 1@ luan1zign
%’ ] = 1 A %’ = 9 a v A
ges LaznINMIANBININUABNIA o Anazanuiouveslis luTedn 8 aenug Ao
L. rhamnosus, B. longum, L. salivarius, L. plantarum, L. acidophilus, L. paracasei, B. lactis type
BI-O4 uag B. lactis type Bi-07 FI9NHORUR002TAUA WUIIMIHORUIFAAILHIVNUNITTOR
a J (% ' - ] -4 @ 1
Finvouwad luan1zAINa 1 1a (Ding and Shah, 2007) HoNIINHMIHERUBAAT NN VIKAS
o ' ~a a A Aa 4 A 9 2 =
msveu 1wy @15 luTedn aunsamiumsseadiaveusaauuaiiize launIuanmsiny

M3TOATINUD L. acidophilus aWWUF CSCC 2400 g CSCC 2409 Tagmsviouiradniy

3 a

Hi-maize resistant starch W31 L. acidophilus Ngnviedu seaiinndnnzhiinsauazindelia

Y ] SN 1 ) . . . .
"lmﬂ’nl,cnaaﬂ"lugﬂwm{jumﬂ Hi-maize resistant starch (Iyer and Kailasapathy, 2005)



30

v v v daa ' A 2 A a
6. adelumsredimyaaiitinasnonssentInveanuaiisellsluledn

Mm3searIauaznanisuea1s luTednlianudnannn iesn 1 luTedn

g

A A ~

Y aa 1 a o 4 1 IS o R Y Ao a Ana 9 7
ﬁﬂﬂi@ﬂﬂf?ﬁ@giﬂﬂﬁﬁﬂm%i&’ﬂ’ﬂ\iﬂﬁlﬂﬂif‘IHMNG]’ENiJi]11!’314@?11!1/]581/]%‘]1’3@]1!061/]@'@ 10 CFU/g

Y v A a A o PR . gy Aa §
IUNTLNIIUNUI INANAAN UMN U (Ouwehand and Salminen, 1998) UONINUADITOATIALI DN

A g v , ° < A YA oY &
Az Nl UNIAUBINTLIINZO TS DanUA oM I Iaevoae litazinaeiiia lua 1dan a4

Y
Y v A

niasovaeduslsnuniiunumaenmsseatinvealils luledn Tasaunsoag)1a asil
ad L4 ¢
6.1 IEMslumstiedimnraa

as 19 J 1 d an A . . .
ﬁﬂﬁ“lumiwmjmcﬁaa!,gwﬂu2 99 AI® extrusion technique (LAY emulsion
. & 0 ¥ ax o 9w Y o Yy
technique UONINVUADUTUMTINVOINITDIITIZTANNULAITINUToALaz YpAoY TUNS

1 Y 4 g’/ Aan &
W’E)‘I{jiJL“]J'aﬁ‘lJ’f)\‘]‘ﬂ\‘lﬁ@\ﬂ‘ﬁ“ﬂﬂllﬁﬂﬂiu Table 9.

Table 9. 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 2-5 mm 25 ym-2 mm

nn Krasackoopt (gt (2003)

U o

6.2 IAQAINEY

o d'oly "y s

JaanlglumsveusaduuanFelvaiesiia 1Y 9adiua tsaglad

a q

Y KX o (3 A

a @ a I 1 v g 1 a
DEHFAANAUAAUASNUDITUN L“]J‘L!G]Ll GIf\‘I'J’ﬁﬂG]']‘WEN‘VILLG]ﬂ@]'l\‘lﬂuﬂﬂ$ﬁwﬁ@®ﬂ1§§@ﬂ%ﬁﬁﬂlﬂ\1

q Q

d 1 [ . o 1 9 4
LEAaANNNU 1NNITNANDIVUDY Lian Lazae (2003) mmsvovuan B. Jongum B6 LS

B. infantis CCRC14633 magiaguganuanaranu laun nuersin maran uilaiudnlends

aA

9
LY 9 a v J
(soluble starch) Qg UNVIANULUY mﬂuumaaumiiaﬂ%mmmmaamﬂmﬂuﬁm’gz y

a A o '

NIANIEY 3.0 WU 0 Az 4 F21u9 me’ﬂfﬂﬁi@ﬂ%aﬁﬂlﬂiﬂﬁuﬂﬁﬂﬂﬁﬂﬁT} G']?\TW‘]J'J'Wﬂﬁi’E]ﬂ

aa A 4 o ) [
FINUDY B. longum B6 Az B. infantis CCRC14633 Mionuyaaalonilaiudilznas 1¥ms



31

aa A S 3 4 o w A =1 o Y o =
IOAVINGIFA A 95.47 1AL 92.70 1WosiFua muaay Lll’f)!lldﬁﬂﬂlﬂﬂﬂﬂ‘llﬂﬁlﬁﬁlsb' NUBIIUN

AAIAY LA UNNAUULUEY

6.3 ANMANTUVRITAQMINYIN]

a

@ 9 9 @ A Y o 1 9 A A
JZAUAITUIVUUVUVDIAINYN Lﬂﬂiﬂf@ﬁﬂlu@&luﬂ’liﬁ'ﬁ]ﬂﬂllﬂﬂﬂ!iﬂ

a { 4 v A 1
Lee 1122 Heo (2000) ANBIN550ATIAVO B. bifidum NHORUBASAIULADTINSATUA WU

q

~ < A

A 1 0& a A A ' ) Y A
ma‘ummmaiuﬁm’;zﬂiﬂiumqmummi LL“]Jﬂ‘VILiEJ‘VI’E]Qﬂ'lﬂﬁlumﬂﬁ]ﬁ‘ﬂéhﬂﬁﬂﬁﬁwQQ‘VIﬂ’J'IlI
9y 9 = aa Y A 9y 9 @ o A o 1 1 v a
l,eUiJleuq{IiJﬂ'liiﬂﬂelﬂﬁhlﬂQ’\?ﬂ’JTVIﬂ'JWNLGUMﬂJuﬂlﬂQ'Jﬁﬂ@’JWQQ‘VIGHﬂ’N Iﬂﬂ‘W“lJ')'lﬁ]ﬁi]!,‘L!@]
Y 9 /g o aA I a Aa Y] 1A Y 9
ANUNUU 4 Lﬂflilcﬁuﬁ LL‘Uﬂ‘VIL'iﬂﬂWﬂﬁlulilﬂLﬁ]ﬁiJﬂ'lﬁ'ﬁf]ﬂGIf'JﬂllﬂNWﬂﬂ'ﬂﬂﬂ'ﬂiJl"llﬂJ"Uu 3 uag
73 ¢ A o & , a 3 & 2
2 Lﬂ@il“ﬁuﬁ LiJ’e)mmm%ammﬂuﬁmazm‘ﬂGlu‘vmmummisﬂumm3 GIf’JIiN HONITINU
9y 9 v a = ' < Y o a = Yy 9 <3 =
ANV NUVUHVDIDAILUA ENllWaﬂ@ﬂlu1ﬂﬂlﬂﬂlﬂﬂ!%ﬁiﬂﬂﬂ’l@aﬁ]Luﬁ UANUVNUYHUTININALRAISY
A g
VHIIPNLANEAN
YR Y Y v A [ aa
Mandal Uagae (2006) llﬂf"fﬂ‘klTﬂ'J'liJ!,"’UiJGU‘lJ“U@Q’E)ﬁ%L‘Llﬂﬂ’ﬂﬂ"lﬁi'ﬂﬂﬂﬂﬂ‘l]’ﬂ\‘]
Aa ~ A Y a 9y 9
L. casei NCDC-298 11!ﬁﬂ"l'3$°ﬂ1]ﬂﬁﬂ1/‘llf’)ﬂf 1.5 uag 6.5 MNanuIAANUNUINUUN 1 LAY
s 3 o ) = A A ~ Yo a
2 L‘]_]’f)i!,“]fu@'l UAZANUIDUN 55, 60 1139 65 AU aLFye U1 20 UIN Tﬂﬂ“l%’aamu@
Yy v P-4 A & Ja P Ty
ANVLUNUY 2, 3 L 4 Lﬂﬂﬁl"]ﬂ!@ WUINNNLOY 6.5 1381 3 GH’JT?N waaaﬁimazmaa%wmju
Y v a Y 9 - IRA I ' 7 Aa
AYDAVUUAAINLUNVU 2, 3 LA 4 Lﬂﬂﬁ!ﬁh’u@] lliJW‘Uﬂ'JﬁJLMﬂﬂN‘U@QL“ﬂﬁaVliﬂﬂ“])"lﬂﬁll‘!ﬁﬂTJg
A =~ o A A ~ Ja A
NUNTANLOY 6.5 UIUH 0, 1 1ag 3 51)'3111\1 YMENTNNITNUNTANLOY 1.5 FARADTITSAAAIIAD
4 g o o w o ]
4.24 118y 3.38 lOg CFU/ml Lﬁa‘umﬂu’izﬂznm 1 1agy 3 “B’JIEN Ayl uawaqmﬂ‘umﬂu

7 o o

o ' I T Y Y o oa s g PN
JeuzIn 1 GI)"JIIN NUI LFAANYNUDITNAIYDAIUA 2 L‘]Ji’)il“]fu@] mmumaamammqq

T
1 9 v A

1 Ia [ ) :-; 1 d' = [ 4= Y
NIULAADTTS LWIﬂTi'i?JﬂGHTJ@]@]”IﬂTJ"Il,ll?JL‘LGEJ”]JLﬂﬂﬂﬂﬂl%ﬁﬁ%ﬁ@ﬂuﬂ’f]ﬂﬂamu{ﬂ 3 uag

< 3 Jd o
4 1oT1Fua aanaadly Table 10.



32

Table 10. Effec tof pH on viable counts of free and microencapsulated L. casei NCDC-298

(log CFU/ml for free cells and log CFU/g for encapsulated cells).

Alginate pH 6.5 pH 1.5

concentration 0h 1h 3h Oh 1h 3h

0% 9.33 +0.12% 945+0.12"  929+0.08"  7.56+0.17"  4.24+0.52  3.38+0.21°
2% 9.57 +0.12% 935+0.13"  934+0.10°  7.42+0.12"  5.96+027°  5.37+0.12"
3% 9.39 +0.08" 939+0.13"  923+0.07"  9.26+047"  7.04+0.18”  6.27+0.08"
4% 9.37+0.13% 9.46 +0.253"  9.67+0.12"  9.14+0.14"  8.07+0.32"  7.54+0.43"
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Ajex Finechem/ Analytical/ Australia
Food grade/UK

Ajex Finechem/ Analytical/ Australia
Ajex Finechem/ Analytical/ Australia
Fluka/ Germany

Lab scan / Analytical/ Thailand
Sigma/ Analytical/ Germany

Sigma/ Analytical/ Germany

Food grade/ Thailand

Com. Grade 98 !,‘]J’EJ%(LG?)'HGT

a W

v3Emdwass Uszima
Satorius/ USA
Satorius/ USA

Labnet/ USA
Nikon/ USA

Schwabach/ Germany



2.4 gunsaiiililumsnanes (do)
6. é’dwg% (Biological Safety Cabinet) o
7. Hotpack (ju 527042, 41, 62, 61 class II type A)

8. IATDITLIN YYWNINA (rotary evaporation)

9. §ouusesuler (autoclave) 1 SS-325

10. Vial 4119 20 ml

11. Microtiterplate reader ;ju Powerwave X

12. Nprimos (pH meter) ';;'u Metter Toledo 320
13. luTastnla (Vi@ 10-100 pl)

14. luTasthila (v 1000 pl)

15. luTasthila (20-200 p1)

a

16. 919UINIVAUYUNYI J1 WB 14
[

17. [ IURAE

18. e88NFA IAU YUIA 4x7 ml

19. Peristaltic pump BT00-300T

20. ATEAUNTOULIBY 4

21. 19304 Freeze dry

22. 1A39V8181T (shaker)

A A = A 1
23. 19509 ANUNM UL AN GULU Y YYINA
a A J A y a am
24. qqazgmuﬂuw@ﬂamaau 3 ¥U (”luaau Twammau

wazoos)

25. Sputter coater (WI-RES-Coater-001)
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Scientific promotion/
Philadelphia/ USA

Biichi Rotavapor. R-200/205,
Switzerland

Tomy/ Japan

Biotek/ UK

Mettier Toledo/ Thailand
LabMate/ USA

Gilson/ France

LabMate/ USA

Memmert/ USA

NIPRO/Belgium

China

Advantec/Japan

FTS system/ USA

PNP/TJ instrument/Australia

Henko/ Japan

Thailand

UK
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Figure 13. Hard gelatin capsules. Figure 14. Co-encapsulated L. plantarum

CIF17 A5 stored in soft gelatin capsules.

Figure 15. Aluminium foil bag.
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Figure 16. Effects of needle size on a) %survival and b) cell numbers (log CFU/ml) of

L. acidophiilus TISTR 1034 under treatment of simulated gastric juice (pH 2.0
for 3 h at 37°C).

Table 11. The size of encapsulated L. acidophiilus TISTR 1034 beads was determined

by using the vernier caliper.

Needle size Beads size (mm.)
18G 2.40 £ 0.050
22G 2.10+£0.100
24G 2.08 £0.161

27G 1.80 = 0.050
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Figure 17. Effects of sodium alginate concentration on a) %survival and b) cell numbers
(log CFU/ml) of L. acidophiilus TISTR 1034 under treatment of simulated
gastric juice (pH 2.0 for 3 h at 37°C).

Table 12. The effect of sodium alginated concentration on the size of encapsulated
L. acidophiilus TISTR 1034 beads.

Sodium alginate concentration (%) Beads size (mm.)
1 2.25+0.100
1.5 2.30 £0.050

2 2.50 £0.050
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Figure 19.

SYC SYE COC COE BPE BE EPS

Prebiotics

Effects of prebiotics and crude fibers as co-encapsulants on a) %survival and
b) cell numbers (log CFU/ml) of L. plantarum CIF17 A5 under acidic condition
at pH 2.0 for 3 h at 37 °C. (free cell (FC), microencapsulated cell (MC),
fructooligosaccharide (FOS), mung bean crude fiber (MUC), mung bean extract
(MUE), soybean crude fiber (SYC), soybean extract (SYE), corn crude
fiber(COCQC), corn extract (COE), banana peel extract (BPE), banana extract (BE)

and exopolysaccharide (EPS))
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juice (pH 2.0 for 3 h at 37°C).
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Figure 22.



70

1 aa a o k4
3.3.5 WAUPIE13 cryoprotectant AensseatInvedUslulednlunszuiumsiutia
T A <
HULLY NS
] ' Y 9 =) v A 1 a 9
1 L. plantarum CIF17 A5 i¥ieviuale Taasuoaduasdummaauduly
4 A sd @ A ¥ ¥ . A ' o
dunaed 3 wesiFud uazimdeualearsazatelalagu vniuriudanan 1a lruns
Y 1A S = o < ] o Y 1A <3 o Yo <
uauuuudenude F9nmsiudiana lddumsiudaunstonude Mlnsuuad
' =2 Yy 9 dy 9 am A o aldy a A aa A
anased19un 39 laud Ty Taemsldmasnm ldae Tus luTeAnlinsseadlauiniiga
[ o 9 R ax [ 1 A a = A 9
TAINITINIUNL FIITNITAINAI AD NITIANTT cryoprotectant  BITT cryoprotectant Nl
A ! o ) < A Y 9 -k v 1 ;A
A9 UUNTDAUIUY g aTd tazdulennaed AT 10 Wodmua iminaollinns
, D) A ' o Yy v -] w
VNHANIINAADY WU M 1FY TATANIToUNNI 0N WU ANUTLTY 10 osidud Hniin
1 I ] Y a aa ~
a9131105 1Tuas cryoprotectant ¥381W L. plantarum CIF17 A5 UM350ABINNINNGA
Y aa 1 W J < o o w o
(p<0.05) TaglimsseaTIaumny 73.58  uaz 74.69 1UoIFUAMNEIAY AdaAd I
Figure 23A. (N334 UUUATIT sWLNNAGEUAY 9.33 log CFU/mI HaaMIvuianyy
] < o 4 o w .
UFBONUTI TIUIUFAANAD 6.88 11AZ 6.98 log CFU/ml AWa1a1 (Figure 23B.) M3 149 Tasa
A 9 1 o Y o A I Y
HIouuMs 1o lase uunse e tazidulenunanuiluais cryoprotectant 1113509

aa Y ana 1 @ I o A =
FIAGINITYAAIUAY Iﬂﬂsljﬂﬂil‘]_lﬂllclﬁﬂﬁi@ﬂ%?ﬁﬂ/ﬂﬂ‘ﬂ 63.94 1WosIsua LN@L‘]EEJ‘]JW]EJ‘]J

G

! o

' Y ] o ) Hq 9
sennamshidavvoaduleomsun iy cryoprotectant AN 1%@15 cryoprotectant 9114
g ¥y ' ) 1 ] ) S A
auna il Ae henagTasauazuuns 0iume WU g laTaLaz NN o IIMeTWET U

aa dy o o Y Y 1 [ g}./ Yy 9 v A a =

soaFInvoureraIM i laani asiumslddulesmsnniyiiyueria Juning
) [ a 1 9 S A [ A A <3
disumaauas lllumsvefuaadivorieluizosnmsaaSnagnguuudanatazns
I o = L 1 dy
Wudingaazdamzveuaad luszrINmsaes

Yo91uiin13 1915 cryoprotectant  ¥a18FUANDFIDINUNITIOATIAVD

a H ] [ o 1 [~4 v { [
TusTuTeanTuaanzn lamunzan u Msiudianuusgonude Faa1snuins 19 wu
v ] A a 4 a a I 9
unnsesiuueausil glnsd igalalod Inuyan lsanazouydu Hudu nmsnaassves
Capela tazAN (2005) 1arnsnaasaldans cryoprotectant 1HBFILINUNITTOATIAVO
a A o ' ad ' < i< { a
TlsluTeanlunaadusi lomsaumdonuisiny 1iNgungil 4 esruzaiFoa w3 1Aou
. : . a 7 ®
F9815 cryoprotectant 1% A0 Hi-maize, W3jnlalodlnuaanlsa (Raftilose"P95) uaz
Aa a 1 a Aa 4 ®
duyaY (Raftiline"ST) wumaan Wynlalodlnusaa1lss  (Raftilose P95) AU
I s ¥ v = 1 A a a

1.5 wesidud iinaedsues weinnmsseatinveslysluledn’ld 1.42 log CFU/MI

' < ad oo a J ) 7
i%‘l’i')"l\‘]ﬂ']ilﬂlljﬂlﬂﬁﬂﬂ 4 AU ALYIT L‘]J‘L!L?Zﬂ 4 ﬁﬂﬂ'ﬁ’i UAZAINNITNAQADIVDY  Saarela



71

Y
wagAmY (2006) 1AANYINMTHUTOF L. rhamnosus E 800 Qg L. rhamnosus E 522 lag
Aaxy o Y (= I~ [ a 4 Qy 9 @ A
Fmsiwiuuusgenuiesiunumsay iuesveweitla 41 18anliaudsenouves
3 J I o . a a I
B-glucan 10 taz 20 1lo5iFuAI)U0IA152NDY wheat dextrin, polydextrose tiazdUyaM 11U
1 g‘; YA
@15 cryoprotectant 108NYANIVAN AD Y1ATH WU L. rhamnosus NATOITAONUT IRHANS
Aa A 9 A o 9 = g . IS
sond AN InaAean Taens 1% cryoprotectant NiiJuwheat dextrin 1182 polydextrose HN1550A
a o Id 1 1 a a 4 I
Falndinesnumsldylasamiy  cryoprotectant uaganimslgws luTeanytiaduilu
[ 1 o 1 <
cryoprotectant HAI9INAIUMTHUH D ULFITO LT
2
w911 1U51891UVDY Otero HazAMEL (2007) WU M3 IFUBNIT DALY
/2 I 1 o s 3 od 0o q v &
6 woswud swwnuglasa 6 esisualuais cryoprotectant 33 1RI¥0 Lactobacillus

[ [

[ <
delbrueckii subsp. delbrueckii HfSnaanasmdimsiuiauuusitontds 2 log CFU/ml 4og

= v d’

9 v 9 %,l I Y ] A v o W ) S I R A A
desn s lsiniuaisdinaneduliisdiagnszaunnurony 95 Wedidud salTum
¥ 1 1o & 1 1 ] o [ y a 1
1¥9aA0d 9 log CFU/mI ua s uilunuumanssuivueszimmngaud i udonnatia 5uan
[ 9
M3NAADIVDY Costa AT (2002) N1 9YD Pantoea agglomerans CPA-2 #2835 MITLTA
1A 3 9 o J o Y 1 K 4 Jq9 9
nuuuFgenui uagl¥asaanateais o lumsshurs wun arananlavsams 15a lvins
aa X 4 ! 22 o = ]
I0AVINVDIUYD Pantoea agglomerans CPA-2 gINFANINNIT 60.00 wosisua Tuvmenmsly
1 @ Y Aa A Jd < s 1 2 = & dy '
UNpInToauue i MsseadIan 15.00 WosiFuamiy F991nmsnaaosluasaunyN
9 A 1 o 3 Y 1 aa dy
M3 1oy lasansounnsoaiuue 1Juais cryoprotectant  1HNAADNIITOAFINUD YO
TdsluTedandnaimslfidulennniaes 1iios91n a1sazatey InsauazHuNIoiuiUY
< & ! o d {
gunsandeulana lanariua tazuuranseuiumaiullsduiansa lindevuindles

a 7 9 3’/ = A A 9 v Y] 19 Y a =
uinumiuradld uazuenniminiguanianmetloatumivead hildinansideneslu
' o 1 a ¥ <3 <3 o
serIumsiude Tasazarelimanananiudavina@n (Carvalho er al., 2004) i lw

a { 1 a ' o ' < 4
Ts luTeanngnreduiimsseadiageszniemsnuiauuuusidonuds iiosaing Insall
d' 1 Y aa d' 1 1 9J 1 o v g’/ = A
mignniwazlinisseadiai luuand9anms lduunsouiume  auiududenylasa

a1 cryoprotectant e 14 1umsnaassne 1y



3882888888 ° °® M~ e ¥ o oo
__________




73

1 3 % o a {
11NMINAand WU g laseiluds cryoprotectant  ¥9i11% 115 luTedniign
] Y A ana o Y A <3 o ¥ = A Yy 9
WoRuiimIseadingelumsiudwuuusgenuie A uTImaaeunemIANMTNIUYD
~ 1 aAa A A ] Y 1 o Y 1A [
g Iasaiinzauaemssoadinves iy luTeanignredumaziums i auuiggonud
Taou L. plantarum CIF17 A5 wveRusesladendasuaiunumsauduledunios
73 & o & { a iy g
3 nlodidud tuilawan 18 ilindeudie laTaanu uazi@ue Tasaivedlues cryoprotectant Tag
{ I 3 s ¥ o ¥ o
anudutuvogIasanld fio 0, 5, 10, 15 uaz 20 woSisua minaedsuas 1niuh
< ' o 1 < 1 J < 1
Wiaa luiumsiudswuesgenuds wun msldg Iasaanududu 15 uaz 20 Wosigud
! v = 1Y oA aa o o Y 1A <
W30 L. plantarum CIF17 A5 Ngnvedulimisensingaganaimsiudauuniaigonuauag
a1 [l 1 v A o A v 9 Y Y 1 W L o
na luuanannunszaueluiosas 95 Taslimaseadiaminy 77.62 uaz 78.78 ulodidud
mMud1ay aaanelu Figure 24A. 1015009 11U0DARIE WY1 1INFUAY 9.32 log CFU/m
1109 7.23 1182 7.34 log CFU/ml mwaa aaueaali Figure 24B. 9gan19anunud ilims
a Y J I 1 o w 9y 9y 9
IALAT cryoprotectant 1A 18.06 taz 19.22 wledidua awaday vauzlgg Iasaanududy
J 3 Jq Y1 aa 1w J 3 J o w
5 uaz 10 nloFidud TaMsseadIaniny 77.22 uag 74.68 lesidua mudiau
o Y 1A 2 o Y A o o 9 Ao o q 9
s uesigenuiuunmsiuiinaadun lasldgurgiiaii 1
=) ana 9 I % = A 3 = [
iaalmIsensIntos glasmiluiealuanag Uaaaimiluais cryoprotectant #3578
9 ¢ o 9 ' o q¥Ya B a ¥
Unilouaaninnszuiumsiimis Tagans cryoprotectant e ldinadasziioely
' o Y1 ya = 3 g 3 72
FENINNTLUIUMITMAT dawa IHRanamidavaian (Carvalho ef al, 2004) HAZIFATH
' ° v A = aa A X Y v A
HIUMITURUDU B0 NN TOATIANNTY ANUTLTUY0Y I aiMIZaNIe
' A < & ¥ 2 ! = v 9 s d L9 P
rondoulama 31 luminaaeensainunglasananududu 15 uag 20 wosidua Tia
AAa Ay ' v A o A 4 oA s < o Yok A A 9
M3T0ATIAN INuanANAUNTzADANUFENUN 95 1Wedidua asiuIudeny Tasanaudy

15 oS iFug el lunminaaosae 'l



T T T T
000000000000000000000
mmmmmmmmmm

on (%)



75

v

\J d’d A qo’ = a A d’
35 ﬂﬂﬁﬂﬂﬂ31uﬁ1u1iﬂiuﬂ1ﬁﬂuﬂi’)ﬁﬂ13$ﬂ3~lﬂ‘§ﬂgx‘i HasINadHIAVIIUUANLIBNHIUED

HohunaI UM SN A TagmsnageutuUneIies

o 1 Yy 9 = v Aa d 3 g [
U1 L. plantarum CIF17 A5 NW?T?JT]?J@'JEIIG]SMEJZJ@'@%LH@ 2 L‘l]f]i!,“]ﬂ/!ﬂ JI3UNY

v 4 A s 2 o 4 A ] v ° o 9 v A <
Lﬁuiﬂﬂﬂlﬁaﬂﬁ 3 !'l]f]ﬁ!ﬂfllﬁ i]'lﬂuulﬂﬂfJULNﬂL*ﬂﬂﬂ'JEJUlGBIGIGD"IU u1“11Jmumuumgmaammm

) = ) sl 7 =

uaﬂ%cﬂmﬁﬂmmmmu 15 L‘IJ'E'J'D'LG]SL!G] L'l]llﬁ'lﬁ cryoprotectant M?ﬁﬂ‘]&ﬂﬂ'ﬂﬂﬁ'liﬂiﬂiﬂﬂ?i
' A ~ < @ A YA 9 9 L~
ﬂuﬂﬂﬁﬂTﬂ%ﬂNﬂiﬂq@ W% 2.0 LTJHL'JQ'I 4 GB?INQ LAZINADUIAAINUNUU 0.3 Lﬂ@ilcﬁuﬁ

I o 1 4 ] A
Funar 6 $lue Tasmsnaaeuuuuaeiied WUN L. plantarum CIF17 A5 1¥M3sendia

v

a 9 1

s 2 I A A ° o v

81.22 losidug WoNasandmauuuaiB e uAUNINY 7.66 log CFU/mI HaIWIUNs A0 Y

3 o A . A & Ay 1 a g
2.0 1ilunan 4 $3Tu9 10 6.14 log CFU/mI (Figure 25B.) vz Midianah lufimsdudule
o A . Ia 9 ana S 3 4
0N A (microencapsulated cell) HaY¥anoasE INT0A%IN 62.69 uaL 61.25 1T uUa

o v W . < Y1 A1 Yo ) < A A
adey aauaaslu Figure 25A. aziiv laidananveduimnudulenuvdowazindou
Y Y Aa 1 J I ¢ A = % s [l 1 Y 3’; dy
aelalaanulimsseadingandi 8o wedidua WenfSeuieunuaadn lugnredu il

4 { a va g ' J
iesnnduleonnsi@ud W dguanddidugwgusreldisaddr l)damzuazidule
o A v 1 Aa < = 9 . = ) Y =< ] 9 1
DUMAOITITITAATNFUVUAIVOUNAIADNAIY (Figure  26C.) Vi Idnsadurimdn l1g
< Y 0o q ¥ 7= Aa e A = =
Waalden s ldiwaalinssendiags mniwlodudamafdunsafitos 2 Hunm
& : A 3 ad 9 9 -

4 91 Tus MmageuaNuase luminuaesmnaeiiananuudu 030 wesigud aeiilu

] 1 a d‘ 1 9 1 [ a 9 < A A 9
na1e ¥ lus wun s luTednngnvequiunumaanduleauvaswazindouay

a 1w J 2 4 { a { 1 1 [} a

TaTagulimsseadiaminy 80.02 wWosigua vmezh 115 luTeanhgnveuua lifinsiay
Y < A I ) Aa 72 o o o A
idulenunasuazivadosz 19¥MITeasIn 61.55 uay 55.71 1Wedidud amd1ay 1199910
9) =1 A [ [l a 1 1Y ?zl.l = 1 Y 4

iduleomstiguania lugndoslumaduemsdivuu astudeselumsinileusadn

I v a Y o Y- a A Aaa = Y
annzanuilunsaanlumaduems 1@ il Tds luTeAnimsseadings Feazaeandos
v : a [ J 4
AUNISNAADIUDY Michida tazAmg (2006) FlFansws luTednninsyie laun d1uead

S 1 % ] 9 ¢ A 1 A 9 A A 9 ] a ] Y
uaziad Hudiofuraaiosionaoudiolls luTeAnidesiiumadueimsdiudu

1 o 9 1 v A Ia 1 ~ A %’ v

lgald v wun iersadodszaes L. plantarum iudgnziaiouingeslunszimie

3 PEEEN A A 9 A T A o
o3l unal 30 1N YsuaukeiTuANIN 7.24 log CFU/mI 1180 1.92 logCFU /ml tieiiio i

' Yy 9 Y J 1d = [~ =
L. plantarum Mviouaeduloinsmad uaznageuluanz@ernuiiumal 30 w1 Using
Y ] 9

NndTnauieTuau 7.24 log CFU /ml ANAINAD 5.1 log CFU/ml UONVINH Chandramoulia

= aa . A ] Y A ] A d
HazAME (2004) ANYINITIOATIAVON Lactobacillus spp.  NYNHORN o 1uan1Iz il

' Y

E ) a 1 % U A
WgoslumaaueImIs Wy L. acidophilus CSCC 2400 QQQﬂﬁﬂ?jnﬁ}ﬂﬂllﬂm@ﬂﬂﬂﬁmu@



76

H Sol [ 1 ?-;'
U1TDIDATIN 1A IUAN I NHIUINEY LAZIINMTANEINTNUABNTA (NABLIALAZAI
) a o A L
i’i)u‘u’ﬂﬂﬂi%ﬂ@ﬁﬂ 8 MWNWUD AB L. rhamnosus, B. longum, L. salivarius, L. plantarum,
L. acidophilus, L. paracasei, B. lactis type Bl-O4, g B. lactis type Bi-07 %qgﬂﬁaﬁ’uﬁ’w
v Aa 1 1 Y 4 [] [ A L [ 1 9
9avtua WU Msveusad zr0liulliansseatinveuyan ludn1izadnaln 1a

. X ] ! [}

(Ding and Shah, 2007) Fauaasliifuinduleevsnniisarnsotlestunuaiiizean
H [ o [] < I~ 1 a
an1egunss iy mshwdwuuungenuds anzanuiunsaaraluniuaueinis

I 1 a a { [ o
Wudu iduleemisaninsuaazyiaszidsuaveoudulonuanaiadu Taadulooimis
1 4 = I 1 (B <
wiartvzi dagnguveadiamadewaldmsunsimvesnsad Tl ludianaldviesas uaz
A I 9 v 1 = [ =S 9 < ]
nngaauiaaNuiugnguveaduleemsdirislunsganzveduradonae amuI
4 I~ 1 a Ja 1 a 1 P
Tuaamznianudunsaaalumaduerinssadoaszaz i IiaIN1Is0aT It 0N UFAdN
1 1 @ 4 Ja [ % [ 1 a
gnvedusuiums Ifduemis esnnaadoaszazduidlasasanunsaateluniudu

~ St 1 9 ~ = v A I 3}; Y] 4 A 9 [
91M13 varzeraangnreuazl Ismeusaduaitlusuilninilousadnaziiduleasse

q

g’/ < 2 o YA 1 =< 1 U v v W Y
AUINTHUULUALIN G]N‘1/]111’7‘ﬂﬂ‘iﬂﬂN‘ﬂfﬂJNWullﬂﬁﬂJNﬁﬂUﬁ’JL%'a'ﬁﬁlﬂiﬂﬂ

U q

= o Y o Y ° a Ty 4 9 Ty
namsanyihlddulaldnmsdunatanmsvedusadinlslumsvonu

Ts'luTedn azamnsailospuannzanuiuniaaalumadueiigld Wesnnnuiuile

< U A A 1 Y ] < 1
Wamaanasgnszimizems 11s luTeangnveduedludianavzgnianilaseesnuinin

U

) 'R

< Y A v A ~ EY ] @ Y A g
Wanares iiesandaduanldlumsiefuradiuszaeii ldaluannziidlunse nazaz
A ] =\ I A 3 1 A 1 o 9)& =\
azaoilengluanziiomiluna1ansetlua1y (Annan ef al., 2008) tioasgad ldaalianioz
< ' ' A A ' 9 = 2 2 A @
Wuaneou q uuanerzgnianilaseeonind 9 H391NN1INABEIUNDIUTADAETUNDIA)
T Y
uazuanesniloUyluanzaiouavesd1d nazusnnniidiwumsveuradswiy
a k) A o Y A A ] Y A aa dy A
muanduleonisnniai v lls luTeanignreduiinsseadiagaiuluanzilinga
[ a A Y A ] a < 1 Y (K]
A lumadne s iwesnnduleemisnnisaisilagnyuveulanadanalimsunsmiy
< a a 4 < ]
yoansad 1) ludanalddosas TUsluTeanTelimssendings uaziloliamaniiuaning
<3| 9 v o3| J o Yy < ' 9 =2 A
anuilunsauazingannzanuiluanlud1d Wanaszaos 9 azare iduleorinsddl
a9

= 1 a o ’0‘ v % o
auautiannudugngusaolunmstamevesllsluTedn ildinderidh ldudady

v Y
Ts'luTedn1den danalinmsseadiaved s luTednmiuay



100

Survival (%)
P N W D O ~N © ©
o O O o o o o O O

Figure 25.

77

(2]
o

Microencapsulated cell Chitosan

log CFU/mI
o = N w B ol (o] ~ 00]

Free cell Microencapsulated cell Chitosan

@ Acid pH2.0for4h & Acid pH 2.0 for 4 h + bile salt 0.3%for 6 h

a) %survival and b) cell numbers (log CFU/ml) of encapsulated L. plantarum CIF17
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Figure 26. Scanning electron micrographs (SEM) of microencapsulated L. plantarum CIF17 A5
with sodium alginate (A), co-encapsulated with 3% (w/v) soybean crude fiber (B) and

co-encapsulated with soybean crude fiber was coated chitosan (C)
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Figure 27. Effect of pH on the release of L. plantarum CIF17 A5 from alginate beads
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Table 13. Effects of needle size on survival of L. acidophiilus TISTR 1034 under treatment

of simulated gastric juice (pH 2.0 for 3 h at 37°C).

Sodium alginate concentration

Viable cells (log CFU/ml)

(%) Before After
free cell 9.17 £ 0.089 2.50+0.109
1 9.15 +£0.062 3.02 +£0.048
1.5 9.15+£0.028 3.11+£0.061
2 9.19 £ 0.091 4.17 £0.067
Table 14. Effects of sodium alginate concentration on survival of L. acidophiilus TISTR

1034 under treatment of simulated gastric juice (pH 2.0 for 3 h at 37°C).

Needle sizes

Viable cells (log CFU/ml)

Before After
free cell 9.17+0.070 240+0.114
18G 9.18 +£0.080 4.17 £0.088
22 G 9.20+0.107 3.49 +£0.148
24G 9.08 £ 0.045 2.92+0.110
27G 9.21+0.112 2.84 £0.121
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Table 15. Comparative survival of free cell and encapsulated probiotic originated from

human rat and kickled cabbage under acidic condition (pH 2.0 for 3 h).

Viable cells (log CFU/ml)

probiotic strains free cell encapsulated cell
Before After Before After
L. plantarum CIF17 AS 931+0.08 644=+0.11 9.28=+0.020 6.96 £0.010
L. acidophilus TISTR 1034  9.40+0.05  2.11+0.03 10.07 £0.58 2.52+£0.160
L. plantarum TISTR 875 8.75+0.04 2.55+0.330 8.00+0.160 2.87 +£0.080
Table 16. Effects of prebiotics and crude fibers as co-encapsulants on survival of

L. plantarum CIF17 A5 under acidic condition at pH 2.0 for 3 h at 37 °C.

Viable cells (log CFU/ml)

Prebiotics
Before After

free cell 9.23 £0.067 5.71 £ 0.052
micro-encapsulated cell 9.28 £0.023 9.28 £0.142
FOS 8.99 £ 0.040 8.99 £ 0.099
mung bean crude fiber 9.28 +£0.080 9.28 £0.093
mung bean extract 9.33+0.014 9.33+0.063
soybean crude fiber 9.30 £0.022 9.30 £ 0.009
soybean extract 9.31+0.207 9.31 £0.031
corn crude fiber 9.29 +0.062 9.29 +0.029
corn extract 9.10 +£0.043 9.10+0.140
banana peel extract 9.32 +£0.048 9.32 +£0.044
banana extract 9.26 = 0.097 9.26 £ 0.097
EPS 9.20 +£0.028 9.20 +£0.028




Table 17. Effects of different soybean crude fiber concentrations on survival of L. plantarum

CIF17 A5 under simulated gastric juice (pH 2.0 for 3 h at 37°C).

Viable cells (log CFU/ml)

Soybean crude fiber concentration (%)

Before After
free cell 9.22 £0.067 5.80+0.161
0 9.39 + 0.401 6.38 £0.142
1 9.39+0.4012 7.40 £0.229
2 9.19+£0.010 7.64 £0.076
3 9.14 £ 0.039 7.84 £ 0.054
4 9.28 £0.023 7.00 +0.077
Table 18. Effects of polymer coatings on survival of co-encapsulated L. plantarum CIF17

A5 under acidic condition (pH 2.0 for 3 h).

Viable cells (log CFU/ml)

Polymer
Before After
free cell 9.09 +0.222 5.85+0.133
microencapsulated cell 9.37 £0.031 6.33 £0.060
3% soybean crude fiber 9.34 +0.082 7.86 £0.131
3% soybean crude fiber + 0.4% chitosan 9.35+0.026 8.07 £0.050
3% soybean crude fiber + 0.4% alginate 9.19£0.149 7.56 £0.275




Table 19. Survival of L. plantarum CIF17 A5 after freez-drying and vacuum-drying.

Viable cells (log CFU/ml)

Freeze-dry Vacuum-dry
Before After Before After
Free cell 9.35+£0.015 3.16+0.040 9.35+0.015 2.22+£0.045
Microencapsulated cell ~ 9.36 £0.026  4.10+0.045  9.33 £0.045 3.23£0.026
3%soybean crude fiber ~ 9.36+£0.024  5.62+0.053  9.36+0.024 4.52 +£0.227
3%soybean crude fiber +
936+0.025 6.36+0.061  9.36+0.025 5.22+0.108

chitosan

Table 20. Effects of cryoprotectants on survival of co-encapsulated L. plantarum
CIF17 AS after freeze-drying.
Viable cells (log CFU/ml)
Cryoprotectants
Before After

control 9.36 £ 0.054 598 £0.155

sucrose 9.36 +£0.054 6.88 +0.092

skim milk 9.36 +£0.054 6.99 +£0.078

soybean crude fiber 9.36 £0.054 6.59 £0.061
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Table 21. Concentrations of sucrose on survival of L. plantarum CIF17 A5 after freeze-drying,

Viable cells (log CFU/ml)

Sucrose concentration (%)

Before After
0 9.32 +£0.026 5.55 £0.097
5 9.32+0.026 6.73 £0.051
10 9.32+0.026 6.96 +0.083
15 9.32+0.026 7.23 £0.162
20 9.32+0.026 7.34 £0.038
Table 22. Survival of encapsulated L. plantarum CIF17 A5 under acidic and bile salt
conditions.
Viable cells (log CFU/ml)
acid pH 2.0 acid pH 2.0 for 4 h
Before
for 4 h + 0.3% bile salt for 6 h
Free cell 5.92+0.068 3.63 +£0.122 3.30 +0.207
Microencapsulated cell 6.34 +0.041 3.98 +£0.057 3.90 +0.052
3%soybean crude fiber +
7.66 £0.124 6.14 £0.043 6.13 £0.049

chitosan
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Table 23. Effect of pH on the release of L. plantarum CIF17 A5 from alginate beads
(co-encapsulated with soybean crude fiber with chitosan coating).
Cell release (log CFU/ml)
Time
(h)
1 2 3 4 5 6

pHS5 233+0.051 2.39+0.063 2.41 £0.026 3.12+£0.071 3.25+0.038 3.43 £0.066
pH6  246+0.023  3.10+0.069 3.17 £0.058 3.43+0.076 3.61 £0.110 3.77£0.105
pH7 3.15+0.066  3.40 +0.085 4.45 +£0.059 6.14+0.214 7.08 +£0.043 7.19 £0.035
pH 8 336+0.034 4.87+0.130 6.40 +£0.056 7.09 +£0.035 7.16 £0.043 7.21 £0.029
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