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ABSTRACT

The objective of this study was to investigate the optimum conditions of probiotic
encapsulation using konjac-pectin gel mixture by emulsion method. The ratios of konjac gel
solution (1, 1.5 and 2%) to pectin gel solution (6%) were varied at 1:0, 1:0.7, 1:1 and 1:2 (v/v).
The result showed that the ratio of konjac gel (1.5%) to pectin gel (6%) at 1:2 (v/v) gave the
highest gel strength. In encapsulation steps using emulsion method, the highest encapsulation
yield was obtained when the ratio of konjac-pectin gel mixture to sunflower oil at 20 g : 100 mL
was used, compared with the ratios at 25 g : 100 mL and 30 g : 100 mL, respectively. The mixing
time was also varied at 30, 60, 90 and 120 seconds at 11,000 rpm, and it was found that the
highest encapsulation yield of 97.08% was obtained at 90s with an average gel bead size of 4.97
pm. The effect of encapsulation on probiotic survival in drinking yoghurt was also studied. The
results showed that the survival rates of encapsulated Lb. acidophilus La5 and B. lactis BB12
during storage of drinking yoghurt at refrigerated temperature (5 + 2OC), tended to be higher than
those of free cells. After pasteurization (at 72°C 15s), the survival rates of encapsulated Lb.
acidophilus La5 and B. lactis BB12 in pasteurized drinking yoghurt were 84.31% and 59.03%,
respectively. However, the survival rates of free cells of Lb. acidophilus La5 and B. lactis
BB12 were 68.49% and less than 11.66%, respectively. The results of sensory evaluation showed
that there was no significant difference in texture, at 95% confidence level, between the drinking

yoghurt containing encapsulated probiotic cells and the free cells.
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asluonnsawnsane liinadse Temidegunin ey Inaudramiso lgainzusin
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unugenugaunsdulantdasuidingszuumuauemis omsntgaunsdlns luTeand
a a 1 "9 1 1 A Aaa 1 o { [
133 ludsunaiiieane  (lidesnit 10° TnTaiinetiaaans) aematminlsvaugaves
a o a 1 a
PAUNTIIUMAAUDIMIT (58071 014115 Tns 1uTeAn (probiotic food) (Fuller, 1992)
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vAa o a a J 1
vaunddntiauandaidulnsluTeanlivatesia 1Aun Bifidobacteria 19U

Q

Bifidobacterium lactis, B. bifidum, B. longum Lactobacilli Y Lactobacillus acidophilus,

[ 1

1 < a s 4 {o &
Lb. johnsonii, Lb. rhamnosus, Lb. casei 981'lsnaudailigaunsdnquous naaduing
a ] 4
luTedn 19 Enterococcus Streptococcus Propionibacterium Hazedan Saccharomyces
1Y 1 9 a { A a [ 4 U
boulardii fanandluaisnai 2.1 FalnslulednidenlFlundadusionnns  1dun

I
Bifidobacteria t191 Lactobacilli L‘IJLI@S]J U

2.1.1 aNHMEINTUGIUINGUDI Lb. acidophilus
. . <3| ! Y . . ad 1y A o
Lb. acidophilus Wunvaiiselulwdy Firmicutes WA Lactobacilliaceae 1id
. | A a S o <3| ' A A
Lactobacillus \UUHUANGTIFUALNTULIN uaﬂymmﬂuﬂ@uﬂaugﬂmqmzmﬂ (rod) vis9U

o I ' o A '3 I A A S A g
aﬂymmﬂuumﬂmauu ﬂ\‘l!LﬁﬂﬂUﬂ1W°ﬂ 2.1 (ﬂ) maammﬂuwaammmm%aaﬂmmﬂu



mﬂé'?uq Titeulsiazawaa  Miadwaies Tanwansalumsnaansauandinein
shanauanTaa Hmsuiiniiniaien Taa (Hexose) 1Y Homofermentative 1o ld01ndn14
yonauuazdad 11n uazvosnasavesau dnvae Inlatiduyuooniaos yeRTume iy
Sungu iduiuguinas 13 fTadwas gungluazamiorivngausomsnaio 30-40

DIAYAIFYE 1AL 4.5-4.6 ATNE1AL (Dale, 2001; Prescott et al., 2002)

ms1ah 2.1 Yaunidntidnvasiuingluledn

Lactobacillus sp.  Bifidobacterium sp. Other LAB Non-lactics

Lb. acidophilus B. adolescentis Ent. faecalis’ Bacillus cereus ™

Lb. casei B. animalis Ent. faecium Escherichia coli’

Lb. cripatus B. bifidum Le. lactis’ Propionibacterium freua’enreichiia’d

Lb. gallinarum’ B. breve Leuc. mesenteroides’ Saccharomyces cerevisiae
(boulardiz)d

Lb. gasseri B. infantis Ped. acidilactici’

Lb. johnsonii B. lactis’ Sporolactobacillus inulinus®

Lb. paracasei B. longum Strep. thermophilus

Lb. plantarum
Lb. reuteri

Lb. rhamnosus

‘Mainly used for animals

bProbably synonymous with B. animalis
‘Little known about probiotic properties
dMainly as pharmaceutical preparations

fn Holzapfel et al. (1998)

2.1.2 aNHUINIITUFIUINGIVDY Bifidobacteria
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Bifidobacteria dauilunuaiiGaunsunangivon msdeuaadunsyluaduaue

1 1 o o 7 I K L~
sUTuanaei Y D1ewad 1A asaaiunizues (clubbed) MsizesdninGosdniuee
2 g oAy 1A A o g v Ao A 2
vuasIouwaangd 1ug nieu1asaGesdniuglddd awaaalunini 2.1 (v) D119as

s < <3| 1 . 4 "o a
waduavenuearwdugUnanld 31s19u09 Bifidobacteria tlasunilas llivediuriianaz
y ! A Bldy [l d? Y Yy v . Aa
dalszneunieg Tuernsnly@aes sy YuegnuaudNIUYe N-acetylglucosamine N

1 { o @ 4 % 3 1 o J
ANV UATTUIUMSTUATIEH peptidoglycan Fuduaivdseaovvesniiuyad uas



Wufsmnansaes Turiaaie) 9y oza1ly (alanin), NIANQAINA (glutamic acid) Lo

93 1 1 J a
unadon lopoudilinanogis1uwadues Bifidobacteria Ao 813l 1wlSuaios Bifidobacteria

a ' 2 A 1A o &L P ¢ ' A
%MgﬂiNLﬂuﬂﬁﬁﬂﬂ (Ballongue, 1993) ’iﬂiN‘VlLﬂW1$ﬂ3‘ll’e‘)QL%’e)LL‘1Jﬂ‘l/lLiﬂu%ﬂnﬂmu

U
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a

ﬂmauﬁmumiﬁmmzﬁuﬁmmwi!“qﬁw"l%’mmﬁqﬁ%mﬁﬁumﬁaafﬂﬁ' (Scardovi,  1986)
Bifidobacteria 19301 Tn14@ 1uan 1127 liifloonFiou (anacrobic condition) vewiiaaunsn
wia I8 luussemaiiimaaiven lavenlod 10 wesiFud liadaades lindaen lasf
azemad (maaew lanll@thauadesvaznialuomaiimamivenlasenled) liad

1 d' A aa 9 [ a a A = 1
Llﬂﬂ‘ﬁéﬂ hlzumaau‘w QiLl1’ijflvNTILWZJ'I%@'?J?{'IﬁﬁJﬂ'IiLﬁ]iﬂJm‘UIG] O 37-41 DIAUBAUBYT ]lll
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1 S

amnsonsyanlaldngumngiidind 20 esrwadea arfesimuzanlumsniyanle

U

' '
yA A o

Ao 6.5-7.0 lannsonsydulaldnfiesdind 4550 uwazgani 8.0-8.5 lilauiaiiu

. = Aa I I Y .dy dy A g A [l 2Aa 7

acid-fast Ti3a lumsa e lsnamdrluemsmzisuseliiabonainayogo1saas
Y

luasa'ld  (Scardovi, 1986) Bifidobacteria @130 lHieaen Tae'1d luitvgn lnd-6-

Woana (Fructose-6-phosphate) T@a“le%’mu”lmﬁw;ﬂim-6-1/1@mw§1 o TWATaaa (fructose-

6-phosphate phosphoketolase), dalamd (aldolase) 11a ﬂgiﬂ’d-&W@mWG} alalasdua
Y

(glucose-6-phosphate dehydrogenase) 11nnszUIUMsHEMianglaa 1 Twana g1

a I~ a an [ 1 1
naanallunIALANANLAZNIADLFAN BT IEIU 2 A 3 (Ballongue, 1993)

MNN 2.1 (0) ANHUSNWTUTIUING DS L. acidophilus ,
(¥) aNYUESNNTUFIUINGIV0I Bifidobacteria
nn - www.theralac.com/Images/acidophilus.gif

www.csa.com/.../probiotic/images/bifido.jpg
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Y

LAz EITIUIINITIT YV IUATNIFFUADU (bacteriocin) IAGNAANTALAAAN LLAZNTADZFAN

A J
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"lﬂﬂizmm 90 1osisuAvelsnaunsanivua ﬂiﬂﬂuﬂiﬂﬂu%ﬂa@]qﬂ YU NIATATN NTA
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NNIN (hippuric acid) NTADD 1san (orotic acid) HagNIAYIN (uric acid) wudu (Lankaputhra

a A J

and Shah, 1998) @13A1UNTIIFYVDIYAUNTO (antimicrobial substances) NWan IasTnsluTe
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[ A ada

anfimadudanmauiuiuvesyaunionne liina 1sa 15U Staphylococcus  aureus 1@z
&£ A A A 1
Clostridium  perfringens FUYUUVANGOUNTUUIN LAZUUANSTOUNTNAVYY Salmonella
3|
typhimurium UaE Escherichia coli Hudu
=< a A A ° A
Lankaputhra (t8g Shah (1998) ﬁﬂHWﬂTiLiﬁiyﬂlﬂﬂll‘ﬂﬂ‘ﬂLﬁflllua"lhlﬁsluﬁﬂTJg
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Shah (1999) ANYINUIN Bifidobacteria L. acidophilus W L. casei WuTns

A Aa a a . £ 2 a A A
TuTeannlinnuannsalumsnaansauanan L (+) isomer sudunsauananytianilenie

= & a . . . a Y a

awnsawraguazi)aoulihiflunsalugin (piruvic acid) tazasonaadIsAIUMINT oy
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1 a Y4 o :JI o a
noldinansnaewus (mutagens) gniude 13 Taeqaunidins luTodn (Orrhage et al., 1994)
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Goldin 1@ Gorbach  (1984) aFv1enalnlunisdrumsiialiiesen
(antitumor) VY04 Lb. acidophilus a2 Bifidobacteria 1 MsUsInna Lb. acidophilus %3809
a 4 [] a a [
Usuaneu ledarnuuaiGe 1w tudr-naadlsiaa ([B-glucuronidase) 18 T3 dnia e
% g
Y] B %] 1 a Aaaa { g}’
(azoreductase) 1ag 1uTas3AnAe (nitroreductase) Fududnsldinalgnsenasuasadu
! < . v ' < . g . .
NOULISY (procarcinogen) IMITUE15NONLIFI (carcinogen) WONINH Lb.  acidophilus 118

. .oA 9 Yy 1
Bifidobacteria MUWUW%iHﬂWiﬂﬁ%@!uigUU{]NﬂN HUBITNNNY

1 I A AaA
Shah (2001) 596U B. longum Wag B. infantis WU Ing luTednihil
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o d a % ] ' 7 o
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a J L 2 va o g = = 9 a 3 Y
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(disaccharides) ﬂizﬂ’ﬂ‘ﬂﬁ?ﬂﬂgiﬂﬁ (glucose) wazniwan lag (galactose) uazgﬂﬂamﬂu
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analuanamerareou lsiwdr-nuan Tadiae (B-D-galactosidase) N15U1IAANNEINTD
1 = a tg 4’ = 4
lumsdeauanlna (lactose maladsorption 199 lactose intolerance) NavUpI R U Ta]
9 a 1 A o Y a A o 1 = 9 9 1
Lll@]'l-ﬂ'lllﬂﬂiﬂ‘;]ﬂﬂﬁulN!Wﬂ\‘]W@ ‘Vl'lbl‘ﬂlﬂﬂ@'lﬂ'lﬁ!ﬂEljﬂﬂﬂﬁglw'lgﬂ'lﬁ']i LBU LFYANDI NBITIY
[ [ a a [ 4 4
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{q 9 &
1989) L. delbruekii ssp. bulgaricus (Lb. bulgaricus) W Streptococcus thermophilus NG
g a ad 4 a a []
nawse lumswan Tonsaleu laiiudr-nuan TadealudTnamnansadesnanlaald
(] =1 Aa a a ad K I A A a a [ 4 9
6613Nﬂ§$ﬁﬂﬁﬂ1w fniﬂiTﬂﬂimﬂiﬁﬂﬂﬁkﬂﬂ?%ﬁ@ﬂﬂﬂiuﬂ1iﬂ51ﬂﬂwa@ﬂﬂ“ﬂunm@ﬂﬂﬂ
1 1 o Y a 9 a Ad £
m?@ﬂ31ﬂﬁqm1iﬂiuﬂ1§8ﬂﬂuaﬂ1@ﬁ'LW?1$1NW11WLﬂﬂ@1ﬂ1§MW Ma$ﬂ1iﬂiiﬂﬂIﬂUﬂ§@%QﬂJu
Ao A a P
@1W15%Naﬂyﬂﬁﬂ4u@%ﬁﬂ%$a@ﬂ?ﬂﬂﬂﬂiﬂiuﬂ§$wvwa1ﬂ1iqﬂ(ShﬂL2OOU

a

nalnlumsdesuan Tnavesnaunidlunianas Ins luTedands hinda ua

=

1 [l = [ [ dy 9 A 1 <Y
maizivnmlumsdesuanlnaasil  Jewnilsdeuanlaadundiugnlalaslagdoey
a N4 ad 1 ] 9 A 4 a A 1 1 =
aunidlensaszninmsty JeaesnowulsininuuaiiiedosuanTaanelumadnonda
1 3 <3 ' 09)1 1 o [l
davesdr 1dian uazdegaiienouanlaagndosdualuthniudsdrldvajaoudu (Shah,

2001)

5. MIannaaAMeIea luAon
YR U Aa a o &
Mann 1482 Spoerry (1974) ladinyImuvynaaesninmsus Inauuminds
9 A o d ¥ A a o A A
lguanlaungasmilunduyelisauneamaesoalui@onanad 1193991AANNEINIT0IUMT
a a a a [ % I
nan'laasendiuia ngeITa Tae-Sanaa (hydroxymethyl-glutaryl-CoA  reductase) il
4 v A o o 9 A a dyd 1
ulxinndunianusulumsadeaseaassealilSuiaanas uenniiisieanun
ninep13an n3Agin uagnsa lasenagiuianga1in (hydroxymethyl glutamic acid) 7114910
MIHINUURAIY S, thermophilus TnalumsanszAunIRAIADT0a 1 LIADAYDINYNATDY (white
U 1 [ ] { a 4 a| v 1Y
wister male rats) 1AgW1INGUAIDENHYNATEINVT Inauumes Iudlaaliszduasiamaoson
Tudvanas WUAY (Rao et al., 1981; Jasper et al., 1984) 1¥UIREINY Homma (1988) ANHI
WUNM3U3 Inauunsinnd Ins luTeAnwiia Bifidobacteria A13150aARBIATINDITOA bAlUIY
Klaver 1ag Meer (1993) 85U10MSRIIUVON L.  acidophilus A9N1509
Y

ADLAAIADI0AIN Lb. acidophilus ~ W'ldgudamsadansaaneseauainaiild

1o o o o ARKR 1 = Y 1 9 o 9 o
AptadanIoa luduAINUIA higngadudngsemelailunaldszdunoamaosoalu
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6. MINTZAUMIRINUUDITTDUYUANAY

v k4
519MeTag M-cells  11/q Payer’s patches  ¥0InIzIMIZDMITNEADYNLITBL

U
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[a2)]
[2)))}
=
=
(a0}
=y
Da

9 o

o < . . . S
(lymphoid) Tug1dian (gut-associated lymphoid tissue) mmﬂuﬂallﬂslumsﬂizﬂmﬁmmu
ayY o = 1 a a ad 9 a
VoI5 VUYNANAN taziinissenuimsvs laalns luleanlulafsanszdumsnan la
<3 a o
Tafu (cytokine) Tutyadifiadoanaziasun13911914v09u1 T390 (macrophages) (Shah,
2001)
. . = a a 1 ay (%
Schiffrin  tazAmz (1995) AnIMsus Inalus luTeanaoszungiquiu
[ a 1) I

WUNMSUSTINA Lb. acidophilus (LA-1) 48 B. bifidum (BB-12) 7uag 10 CFU/mL 1furan
a T @ o d o YA a o 4 A A < A
aanonu 3 ddev mildunenssumsiiagrasuuafiseveulalaenv1d (phagocyte
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activity) gAULIING

2.1.4 anuansalumsseariInvedlnsluledn
1y o a I { Y] 1 Aa
PagiuTns luTeanduneonsvedresnievanluunumvesasaSugunin
(Functional ~ Ingredient) NHAud1AyA0oMINAUIQATIMNTTUDIMITINOGYN N I UTA1Y
v
% a [ s o
szing (Stanton et al., 2001) MINAANUNUNNUN (Baron et al., 2000; Gilliland et al.,
[ Aa o ’d A 1 ~ [ [
2002) 1UBIA4 (Boylston er  al., 2004) tazHannmsio1ns Ins luTeanlunguoinsi luly
a [ 4 1 { 1 1 o ] g}
HaaNUNUY (non-dairy foods) Lmzﬂquﬁ”luhmmiwuﬂ (non-fermented foods) (HFH U
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Carragenan/locust bean  Gel beads/emulsion 1-2 mm B. longum Starter culture
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B. infantis,
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tension
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@ a [ a J
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CCRC14633 Ngnindeu iimsseadialuaniziiaesszuumuauemisuazinaeiig la
1 s Yo A
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[ a 4
Chandramouli t1azAMg (2004) USUUFaMATANTIAROUNAA Lb.  acidophilus
4 { [} 1 Q’
Taga1s Induganrlsanldlunisindouns 0adtua WUIINITIANANUITUT UV
[ ] Q' a 4 4 o
M52 0aUUANHAINNNNTTOATIAVOUSAR Lb. acidophilus 1140V Lb. acidophilus
d' 1] A = (% aa o a d‘ L= LY
arumanaov I INIseadialuanne$180952UUMAAUD TR NB WML
A O A vy sd o o & ] i LA
2 waznaethannudutu 1 esisua Wunar 3 ¥31us WU Lb. acidophilus NAIUNT
o IAa o
INA0 VNI IUINAARY 2 Log CFU/mL. Uagl¥adoaseiisiuiuanad 4 Log CFU/MmL. 11159
A aa YA J Ia
MUNMIT0ATI0 1danIIyanoasy
. . = Aa A A Y] P
Picot 118y Lacroix (2004) ANYIN1330ATINUDY B. breve NQNIAABUAILIY

a

a 4 a o ad {d o < o {
T3@u (whey-protein) 1o 1 lundanmai Tomsa Mnusnu 1idunar 28 Ju Nguwgil 4
1 aAa ' o 3 o ad
DIANFAUTIE  WUIINTTOATIAUON B. breve IUTZHINMIHUNLAazMIAVTIE ToIRTA
A 4 1 ) Y] an a o ' 4
WNAY HaaeIMsIAdeUaaih1 140as 13 5093IAU0N B. breve TUHAANUNFIUL
Kailasapathy (2006) 1UToUNeUOATINITTOATINVON Lb.  acidophilus 118
. A g Ia A A Y v A 1 o A Y
B. lactis BB12 niluaddaszuazithumsimaevudlesadiuasiudunts weldinslule

a J agyd

a & dy A v a ad o = o a IS @ A 4 3
ﬂﬂlﬂul%ﬂ!ﬁﬂ@]uGlUﬂ'lﬁWﬁ@jﬂlﬂﬁﬁﬁﬂﬂﬂﬂﬂqauﬂﬁEJIEJLﬂiﬁ LﬂUiﬂHWﬂQﬂlﬁQﬂJﬂLﬂulﬂunﬁW 7
o 4 1 a o J

g WU?TL“Baﬁﬂﬁigﬂl@Q Lb. acidophilus 1% B. lactis BB12 ﬁmmuwaaaﬂm 413

o w 1 Ia o J
Log CFU/mL. @aua1au LWIL“Bﬁﬁ‘ﬁWTuﬂ?ﬁlﬂﬁﬂﬂﬁﬂWH?ﬂl%ﬁaﬁﬂﬁ\ilﬁﬂ\i 2 a1l Log
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2.3.1 Yn (Konjac glucomannan, KGM)
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Wa@ﬂm“ﬂﬁﬂﬂuﬂiﬁﬂiﬂﬂlu (Nael, 2546)

d
2.3.1.1 23nsznoUvRINIYN
4 o A A £ g
palszneunaninyluwayn Ao nglatuuuuy (glucomannan) iy
% @ 73 2 < ' Y =
paAszneuranlszuna 50-60 WeosiFud nglaunuuuuiuuvasveudulyeinisn
g‘ 9 o 1 4 [] [ 9 .
awnsoazaneii lduaziou lailuswmeuypd liamnsodesld (soluble dietary fiber) ngln
A o <3| = J . = 1
puunuuidnvaziduaeTndusan 15a (polysaccharide) Iuraluranaganinnin 300,000
v Y A 4 o
aadu Usznouaie uunTue (mannose) azng Id (glucose) WonaonuAIWUse [3-1,4
Aan [ ! U = 9 dyd
lnalagan TudasidiulvauuuTuadenglna Ao 3:2 Twanarduasavedng lauuunundil
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awi 24 anbazlaseadnveng Tauuuuuu

N - www. glucomannan.com/index.htm

2.3.1.2 anUAvYeINIYN (2AANA, 2538; Tye, 1991)
A 9 1 [ 3| <KX o
VInMsiisynsznouaie uuu Tud uag nglaa asiuiuaieed 39
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oy =KX o Y va A J - dy
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1) ANUTUNIIA (Water thickening)
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Wethmaynuazaeioynnvesmynizaadguine’ld  udunams
o Y ' o g Y Y R a A2 o <
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9 Y
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a a d
3) mstnanay (Film formation)
A a = g’ A o o Y Yo ¢ Ao
Wemsazareyninamsgapderimioih Ut wd e IdWdunTdnyme
=1 &2 S A a d? dald ~ Qa: :’ Y :I < A A
MUY (tough film) FaWaumavudiadesn i lhsoutaziugn  vwieluanmemiilu
1 Y ad = @ 9 o 9 oy A I o <3
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Y o (Y 1 ad A 4 LR oy .y
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a o a vy o { A 1 < . . . [
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(N1 oy ard Ql dgl d‘ 9 e ] = = A v
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Y 1 Y
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4) ANUNUA (Viscosity)
9 o Y @ A PR v W A A Y
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5) M15NAA (Gel formation)
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] a Y A 1 v v 3’ a v 9y Ay
ynoz enunsamama laiisasadnsosudnuiiuazinanmsnesd Ididuasazaeidu
A 1 g d' [} a Y d‘ ] aa ,cs' IQ'J
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v ldinalfnseRezsiamdu (deacetylation) Tagaz ldunuwjozFnavesng Tauuuuy
[ A a o Y A d o g 9 [l Aana 9
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1 AAa 9 9 1 = o = 4 =\
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5.2) mildlalasnoaaseaorielumsinama
A 4 ] ] 4
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uadih-mssuuuildynifailuea’ld  (Shelso, 1990;
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1 wagdunaulaTaenudou (thermal reversible gel) dasra@IMvEILTIAINT IHHIYN
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M99 2.3 detmuavesnslduilayn (Konjac flour/Konjac gum) lue1mis

Regulatory Agency Classification
USA
Food & Drug Administration GRAS

US Dept of Agriculture

Food Chemicals Codex
Italy
Belgium

Canada

Uruguay, Paraguay, Argentina, Brazil
(MERCOSUR)

Australia

European Community (EC)

Scientific Committee for Food (SCF)

FAO/WHO

Label approval under consideration

Allowed in meat products-label approval
required

Specifications listed in FCC Third Supplement
Food, Food ingredient (dietary fiber use)
Dietetic foods (health/dietetic foods)

Food ingredient (3% maximum use level in
unstandardized and approved)

Food additive (thickener, stabilizer, Emulsifier
or gelling agent at GMP)

Non-standardized foods

Dossier for konjac gum submitted in 1995 for
review as a general food additive
Temporary ADI not specified subsmitted for

review by 1996

117 : Thomas (1997)
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7 7.02+0.13™ 7.40 +0.12"
14 7.31+0.09" 7.04 + 027"
21 7.05+0.25™ 7.51 +0.29"
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