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ABSTRACT

To investigate prebiotic fortified soybean milk product concept, four consumer
focus group interviews were conducted, involving a total of 40 participants in Songkla province.
The product concepts were the pasteurized soybean milk contained in the carton box. Sensory
characteristics of the product were low to moderate viscosity, creamy white color, moderate
beany flavor, low sweetness and no negative perception after adding prebiotic. A mixture
experiment was used to optimize prebiotic mixture in soybean milk formulation. Inulin (I),
galacto-oligosaccharides (GOS) and isomalto-oligisaccharides (IMO) were the prebiotic
ingredients added (4% w/v) to soybean milk. Thirteen formulations of soybean milk were
compared using the general descriptive analysis and the growth of probiotics (Bifidobacteria
bifidum DSM 20456, Lactobacillus plantarum TISTR 875 and Lactobacillus acidophilus TISTR
1034). There were no significant differences in all sensory attributes (color, thickness, beany
flavor, sweetness, viscosity, sweetness aftertaste) among the samples (p>0.05). Various mixture
of the prebiotics had only a slight effect on the soybean milk color and viscosity (p<0.05). The
growth of probiotics results showed that GOS stimulated the highest growth in all probiotic
strains, while 1 had the lowest effect on the probiotics growth (p<0.05). The optimized
formulation (11%I, 62%GOS, 27%IMO) was determined by the highest growth of the probiotic
bacteria. This prebiotic mixture stimulated the growth of B. bifidum DSM 20456 from 6.58 to
7.54 log CFU/ml (after 48 h), L. plantarum TISTR 875 from 6.59 to 8.65 log CFU/ml (after 24 h)
and L. acidophilus TISTR 1034 from 6.83 to 8.44 log CFU/ml (after 24 h) and was not different
when compare with glucose (p>0.05).

The soybean milk supplemented with the optimized prebiotic mixture had higher
carbohydrates, total soluble solid, total solid content and viscosity than the control soybean milk
(without prebiotics) (p<0.05). However, it had lower L’ value (lightness) and higher a value

(redness) when compared with the control (p<0.05). Descriptive analysis results showed no



significant differences in color, thickness and beany flavor were found among samples (p>0.05).
However, the prebiotic fortified sample had higher values in the sweetness, viscosity and
sweetness aftertaste than the control (p<0.05). When the amount of sugar (5% w/v) in the
prebiotic added sample formulation was reduced to 2.6 (w/v), no significant differences in all
sensory attributes were observed in both beverages (p>0.05).

Quality changes of the prebiotic fortified soybean milk during storage at 1+1 °C
for 30 days were investigated. The visual suspension stability (separation index = 1.00) of the
sample was not affected throughout 28 days of storage. However, the suspension stability was
detected after 21 days (suspension stability index = 0.99). No differences in appearance and color
liking scores were indicated by a 9-point hedonic scale throughout 30 days of storage (p>0.05).
However, the beany flavor and overall liking scores decreased at day 25 and at day 30 the average
overall liking score was 6.37. Total viable count of the sample during storage from day 1 to 30
was lower than 30 CFU/ml.

The consumer test of prebiotic fortified soybean milk for elderly consumers
using 200 consumers at the age higher than 60 years old in Songkla province was carried out. A
9-point hedonic scale result showed that average acceptance scores of color, beany flavor,
sweetness, viscosity and overall liking were 7.44, 7.41, 7.42, 7.46 and 7.38, respectively.
Purchase intent scale (9 points) of product with a price of 12 baht per box (200 ml) demonstrated
that 32% consumers were definitely would buy the product and the average score was 6.84. After
they had been informed about the prebiotics health benefit which supplemented in the product,
the average purchase intent score was increased to 7.94 and 55% consumers were definitely

would buy the product.
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§211804 25 AFUARIUIWAUMIUT Innosnulsua lviududuazaoaamosoadi 1z
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nisghilundasmaineaiue s laun duved id1d idine idredons $92 uununaes
o A dy = P o 3’ o Y I (;y v o A
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A 4 S a4l ~a - 4 v
esnninvesnunassaziidudeiiyouvuaiiisels Imbennamisoga lulasouldneg
3 3| [l a @ a v o
Tugdvesmsisenougiivaunsaldiuile’ld @uauduasudldingAvemsdad, 2548
1y o A dl a I~/ Y] c’d‘ ] [ Y] 4
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T laiuilesas waznsesveude @180y (Kennedy,  1995) ing1zaziiuierduns
a 9 1 a o A a o 4 o A =® A ~
ESNASINGUNINYDIT NG MITUT INADIUADIAZHANN UANINDNWADIIUT TN
A ARG
o A o 3 ' A o Aa
oundeaiusngn iuuvasveslUsAuuaz luiiunliguaw  (Poysa and
a < o o
Woodrow,  2002) USuaueda1501115 luuann uraed lasdszuraaauanaly Table 1
o a { o I ) o A 1
TsAunundesdinsaezd Tunsududmsugua1nauis 1 8 wila (Table 2) HAMAINI
Y [ =\ 4 [RY] [ = [ = ] A dy v J os;‘ dy
TasuinslndifeeduTdsauandas uadelumuieuduTdsauannuy v nSeflodas wail
o‘/ = o'/ d‘ o‘/ a2 A a a 1 9 o' A
Mz Az iIdug % 1UNUS e nsaezi Tuuerianeuy 9@ (Kennedy, 1995) Ao
a { @ J 3 J . . . % J a
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al., 2004) 15 10 leiasasoeaz 30 (United Soybean Board, 2001) 1013980 4.29-5.34 AUFUITDY
4 o 1 o M I =y
az 7.55-8.73 10leSoeay 5.91-7.89 (Padgette, 1996) Iasdadiu lviuludimaeadulalla
o a { o I
Fowaz 90 viealnlatle esaz 7 uaz'lnalalaila fosar 3 Taeniesas 80 veensalusiuilu
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I~ a a a a
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a Jd Aaa &Y Q'J
acids) nsA lotaon (oleic) Foway 23 uaznsmauian (palmitic) Fowaz 16 na lviuluduraes
v 1 o A o 9 dyd o Y a a o Y
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a a a Y Ao o A Y 4 a o 1 Y] = [
aluwednuninndAyne InaNUaNYslLIHINIT FIganszaUnoIamnRIDa la0A LAzl
=1 o 1 a a 3 Y = =
nanudntludemsnIymu Tavoamsnuazianae (0301 auual, 2548)
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) A Y ' Y o Y 1 ¥
fuvasasusaneneen lallu 4 daualeiu laun 2,7, 1L,uaz 15 S Uszuusosas 90 vaq
{ oy M I a . [ Aa
Tis@unazaei laludundeadlunasiyau (globulins) tazuinnidesas 70 voanasiyau
Ao Tnadilu (11 0a naoyau) (glycinin  (11S  globulin) uaztudr-noulnagiu (7 1oa
a Aaa I~ 1 a
naoyau) (B-conglycinin (7S globulin)) InagHwdunvasveansaozd TumnInTotiy
.. a 2 . ] 4 < ' g o
(methionine) LATHAINDUY  (cysteine) (30UAL 3-4.5) m%muamnagiu“lmaﬂwmmaﬂ
1 3 o
(Kaviani and Kharabian, 2007) Tagauaed2 S Rilszuadesay 20 veelistuuaans lu
amved 7 S B l1Usauudr-aeu lnadiuuas lnalalysdu (elycoprotein) Fafiszunar 1 1w 3
v Y A
avealdsaunazaeildnanue ludiwvea 11 s Hilszana 1 w3 adwveslisau
c;z = QBJ} = = =} 2 =) 1 qaal = aAa . .
duvdosnvuataz il 1UsAuesdufe 11Ty Ao Inadiiy (Nielsen, 1985; Yagasaki ef al.,
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1997 919108 Saidu, 2005) ttaz luaIuved 15 S Wulmes 1 1u 10 a@rwvea lalsauniaviua (Hou
M 1 [ a % 1 a a
and Chang, 1998) TusAunandesdinlnaiilunasydudsezazaslanyaloTudannsn
[ <3 -4 K a a a 0911 [ ]
(isoelectric) UAMIAZAWNIUDGAUMTANNGD 99 1o Tydiannsniuog I us 9oy 4.2-4.6
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MsAnEIANNFNNUTIznIems U3 Ina TlsAunanaeesnulsua lviuludena (serum lipid)
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[ =

Fa'ldanaaosnuau ldsuau 38 au Taglius Inaldsaudunaos 47 nSuaeiu wuaINI0
Y
an1lSINunvIANDTOaNIHUA (total cholesterol) (39882 9.3) LIBAALDA ADIAAINDTOA (382
a s 9 =& Y o oA P
12.9) uaz lasnae 1 (59982 10.5) (Anderson et al., 1995) HIADAAADINUNDIANITDING
9 1 9 1 a =1 o'.l = [ 1 [ [y}
uazen1dna1291991 Msus Inaldsaudumane 25 nsudeuIzanTzaUADIadAD DA 1
s1me 1@ wiumsvs Taaemsniidsuna lviududtazasaaneseadi (Food and Drug
Administration, 1999)
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Widesay 15 wazmslulamsanazaenirl@sesas 15 (United Soybean Board, 2001)



4 1 [} oy U a . a
a1s 1ulamsai luazatein 1aun iwnn@u (pectin) 1saglad (cellulose) taiityag lad
s s { J ' s I
(hemicellulose) AL @13 % (starch) A3 11 latasanazaresinld 1dun  TuTuuwaais 1sa
4 4 a 4
(monosaccharides) Taugans lsa (disaccharides) uazTod Inuwanilsa (oligosaccharides)
o [ 4 { oy
(Liu, 1997 81978 Brown, 2006) d1i5ums 1y lamsanazareirlddsznoudeglasa
(sucrose) Fooay 4-5 519 Tua (raffinose) Fouay 1-2 uazaoa lod (stachyose) $ooay 3.5-4.5
I g} 1 o 4 3’
(Wilson, 1995 8191a8 Brown, 2006) g Iasenilurihaanqgu lausans salsznoudierinia
oy [ ] I o a [ 4 o
nglaauazihaadgnlad gndesldirenaziludrldanunnulurdasusiningunios
a a I 091 1 a 4 a I 4 o
s TuauazaamaTomdwimianguloda Inuzaailsa s1llumiulasuyanislsa
Y
o 1 a I
(trisaccharide)  Usznovdlihmianiuanlad Wynlad uaznglnd diudainlomilu
4 o 3’
IANTZLEAATS 159 (tetrasaccharide) 1sznovudletiiananlaa 2 Tuana Winlae uag
nglaa dwmsusil Tuauazamalod nuan InavzgnoreenainilgnIaauazng Inaldein
' 9 4 Aa .
msdeemoen latuearh-nuaalagiaa (Messina, 1999)
4 4 o 1 ] <3
panszaeudue Tudanane 1aun loTunar 1y (isoflavone) thasus (wan
unaFey danzd) Indu Gavh-Tnaflsea  (O-tocopherol) 1uBITY (niacin) IWTADNFU
Y
a A a = 4 a
(pyridoxine) uaz IW@1%u (folacin)) UOUANUATIUN (anti-nutrient) B11UUY  (saponins)
v
WeaTllalla (phospholipids) @138 daldsdroa (protease inhibitors) Tian (phytates) AT
S ¥ | ) o oA
IS IER G AT (trypsin inhibitors) (Liu, 1997 914198 Saidu, 2005) 29A15LNDVVDUNAADINYIAD
22 e o4 e d 4 i LA
Huvvegnuug iunmzlgnuazilimizagn (Poysa and Woodrow, 2002) fmandusag
= ) = o A = ) A = A o A = <}
menuiUSuna TdsAunag luiu nausa Fuosyniundes dveuldsnnuvass dvewuuaa
< o . 3 o A Y g
HAZUIAVOUNAAUANANNY (Min ef al., 2005) ann Anaolsznouaelu@es (cotyledons)
) 1 o o 1 <
$ouay 95 1aonda (hull) LazdueeU (hypocotyl) $98A2 3 LAY 2 MNAIFL AUBIUVDINAA
) o’/’ % a a I 1 { o W %
ounaestiugan Tdae ludu Tusan 181 vaziaiiv wazfluuvaswesle Tavlan Tounddny #4
Y v [
H5ale Torar TaumnnnTulu@esdumaes 56 191 Auseuvesd unaellsum
1 1 1 A Aa o 1 o A Y <
ToTavla1Truegluseszna19 2030 daaniuaensy nielszumiosas 80-90 vowaa
v v v
Yiaed wennndidaisanaiuveansa lviu 1ududuFedion (polyunsaturated fatty acid) 110

Ngafae (Liu, 1997 819100 Saidu, 2005)



Table 1. Proximate composition (%) of soybeans and seed parts (dry weight basis)

Whole Portions Protein Fat Carbohydrate Ash

Soybean Parts
(%) (%) (%) (%) (%)
Whole beans - 40 21 34 4.9
Cotyledon 90 43 23 29 5.0
Hull 3t08 9 1 86 4.3
Hypocotyl 2 41 11 43 4.4

Source: Wolf and Cowman (1971 cited by Saidu, 2005)

Table 2. FAO/WHO recommended amino acid scoring pattern compared with essential amino

acid in soybean

FAO/WHO Soybean
Amino acid
mg/g crude protein mg/g crude protein
Isoleucine 40 37
Leucine 70 74
Lysine 55 59
Methionine+Cystine 35 22
Phenylalanine+Tyrosine 60 64
Threonine 40 42
Tryptophan 10 15
Valine 50 50

Source: NV 1AFUINT NTHOUINY (2549)

12 asddaluimises
133 .61, 1990 National Cancer Institute @3 wunmsdrialudundew
ool s wiia 18un o TavtanTou asdudaniidu Il Tnamesen nialWdn uazanTaiiy
(Messina et al., 1994)
1. o Taar Tawdu I Tatea Tasiau (phytoestrogen) Failogludia fnoglu
nauvedasilszneunarlaueod (flavonoids) lo Tavlar Tawduansdseneudl Tudn (phenolic

d’d Y = 9 = 4 d'l a z:%/ 1Y Z
compounds) NN Iaseasamanind1onaenueos luwed Iasouns 1NMINanIy A9Ueas



I Taealasnudaimnnaunuaes lwuea lasnuliuns1ame'ld (Tsangalis ef al., 2002)
oA v aa = J va a A .
darsnguignIauueuaAt UNTsUNA NI oudAIRUaNfAtod INIVUA (estrogenic)
HazeUAEA INTINA (antiestrogenic) 19 a5y o Torlar Tyundninyludunaesd 3 ¥iia
A . ’ . . L ' . . L
A® genistein (4 5, 7-trihydroxyisoflavone) daidzein (4, 7-dihydroxyisoflavone) Failule Toy-
WarTauidAnann duvdesaskandausinndunaesaziitlTutal genistein 110N daidzein
vaz loTevarTousilandmdediogioslununaos Ao glycitein -~ (7,  4’-dihydroxy-6-
methoxyisoflavone) (Kudou et al., 1991) o Tawlan Taudiguuuumand 4 suluvudlenu el
1 Jd o ng a .
uaazgUuuulsznoulidae 3 Tolamwes ldd lo TaWarTounanua 12 wila (Figure 1)
F4
ToTowarTaune 4 5UuuD Ao aglycones U5¢N0OUAIY daidzein, genistein 1Az  glycitein
glucosides Usenoudie daidzin, genistin 8%  glycitin  acetylglucosides (60AceGlc)
UsznaualY 67-O-acetyldaidzin,  6”-O-acetylgenistin Lifi¥  67-O-acetylglycitin LY
malonylglucosides (60MalGlc) Usznoualy 6”-O-malonyldaidzin, 6”-O-malonylgenistin 8%
6”-Omalonylglycitin (Kodou et al., 1991; Xu et al., 2002)
A (A = 9 d ' A . .
Tagensnulsnugaazeangndlunslslse loyinaisod1a Ao genistein

ay daidzein Tﬂﬂmuiwmum”lah%laﬂm1uaagwaaaﬂ pglugdiidingTalad (B-

£

(%

P
glucoside conjugates) (Kudou et al., 1991) ToTawlaTaulugundewaswansausiauvaodi
Turumsniindneglugdves aglycones 150 conjugated forms Tuvazfinansusiaumanedi

Y Y Y
AU snan u 1d e ineglugiues  aglycones MetinuIINTzUIUMTHINUAZNT 1A
A a I
ANuToua IOl isoflavone aglycones & (Anderson and Wolf, 1995) iyan
u'/ A = Aa A o 1 (% = 1 1 a Aa o 1 [
ool le TewarToulszunm 1.0 dadnSuaensu nseogluwie 0.4-2.4 dadnsuaeniu
. . . a 3 o [ @ 1
(Messina and Loprinzi, 2001) Y5una o TavlanTauluwdenumdesdinenuuanaanu lieg
Tu99 1.2-3.1 Taan5urensy (Eldridge and Kwolek, 1983 81418 MacDonald ef al., 2005)

2-3.3 Jaan5uAensy (Wang and Murphy, 1994 8141a8 MacDonald et al., 2005) 1.2-2.5

—

[

NadnSuAensy (Hoeck ef al, 2000 91418 MacDonald ef al., 2005) LAY 69.97-258.16
Haansuae 100 AN (Kim e al., 2004) U5ualo Tovar Ty luduseu (hypocotyls) uag 1u
(Ao (cotyledon) Yot A TuanA A uF WS aassznen o Tava Tauludusouas s
s luludes Usinale Tevar Ty (Tﬂﬂﬁymﬂ’ﬂ) ﬁuwﬂﬁqﬂiu&'udau (1,400-1,700
fadnsude 100 n$w) nazidesniqaludenveundadundes (1020 fadnsuse 100 n5w)
dauiuimﬁyﬂqifuﬁaghﬁsmﬁﬂfiaﬂ (150-320 Ua@nTuAo 100 NFY) (Wang and Murphy, 1994

#197a8 Saidu, 2005)



A o @ s A o a Y v a
HAAN NN ANABIVVAUAN (119, miso, natto) 3 To Tarvlar Toul sz
Y
A A o 1 [ o o a [ 4 A A o 1 (% [

0.2-0.4 NaansuAeNsUVBNIHIUNNAANMNEA LAz 2-4 NaanTNABNSUVD115AY au

=} [ a'/ = OBJJ = d‘ a A [} 1 1 A
Ts@uadnnndmaed (soy protein isolate) il lo TswarTy1umnde 1.0 Haansuaensy 1o

' [l A a o 1 o . . . o [
911924 0.5-2.0 UadN5UABNTY (Messina and Loprinzi, 2001) flagiiule Tswar Tausailu
asnlasuanuaulesgrauin tesnnausouaaddneninlunstlesduuazsnui lsa

A Y 3 1R J o o A
vaneyia Idun Tsauzise Tsanszgnngu a1z iislseasdnamuatlszsudon uazannis
a 9 A 3 o 9 v o 1
nanziduaeauaAInuIazuiNAa 1§ (Prabhakaran er al., 2006) Yagiiudeliliuasgiu
UYS1amsu31na (dietary reference intakes: DRI) 91a35U5 Inad sy leTevarliu ua
Y o 1

1 < ao v Aav a A a o 1w
i’JfJNUliﬂG]”Illi]”lﬂﬂ?i?]i]fl"l]i’)\iuﬂ?i]ﬂhlﬂllugu"l’ﬂﬂﬁliﬂiiﬂﬂ161%’7\]&113“ 20-50 HAANTUNDIU

(Setchell and Cassidy, 1999)

R = OH: Genistein and R=H: Daidzein R=0H: Genistin and R=H: Daidzin
Aglycones (IFA) Glucosides (IFG)

R, R, Aglycone

H H Daidzein

OH H Genistein

H OCH; Glycitein

Rs Ry Rs Glucosides

H H H Daidzin
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Figure 1. Skeletal structure of isoflavone isomers

Source: Izumi et al. (2000); Wang and Murphy (1994 cited by Saidu, 2005)
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Table 3. Essential amino acid content of soybean milk compared with cow’s milk (g amino acid/

16 g nitrogen)

Essential amino acid Soybean milk Cow’s milk
Isoleucine 5.1 7.5
Leucine 8.3 11.0
Lysine 6.3 8.7
Methionine 1.4 3.2
Cystine 1.7 1.0
Total sulfur amino acid 3.1 4.2
Phenylalanine - -
Tyrosine - -
Total aromatic amino acid 9.0 11.5
Threonine 3.8 4.7
Tryptophan 1.3 1.5
Valine 4.9 7.0

Protein quality

Biological Value (% BV) 80 87
Digestibility (%) 95 91
Net Protein Utilisation (% NPU) 76 79

Source: Smith (1972 cited by Chaiwanon, 1999)
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Table 4. Chemical composition and nutrition value of soybean milk

Nutritional value Cow’s milk
Soymilk
per 100 g Whole Semi-skimmed

Protein 34¢g 35¢g 36¢g
Fat 35¢g 15g 23¢g
Carbohydrate 46¢g S54¢g 34¢g
kJ 269 208 204
kcal 64 49 49
Cholesterol 10 mg 5¢ 0
Lactose 46¢g S54¢g 0
Fatty acid composition
Saturated 63.5% 63.5 % 14.0 %
Poly-unsaturated 3.0% 3.0% 63.5%
Mono-unsaturated 33.5% 33.5% 21.6 %

Source: Zeki (1992)

Table 5. Composition of soybean milk, cow’s milk and mother’s milk

Item/100g Soybean milk Dairy milk Mother’s milk
Water (g) 88.6 88.6 88.6
Calories (kcal) 52 59 62
Protein (g) 4.4 2.9 1.4
Fat (g) 2.5 33 3.1
Carbohydrates (g) 3.8 4.5 7.2
Ash (g) 0.62 0.7 0.20
Calcium (mg) 18.5 100 35
Sodium (mg) 2.5 36 15
Phosphorous (mg) 60.3 90 25
Iron (mg) 1.5 0.1 0.2

Source: Chaiwanon (1999)



Table 5. (Continued)

Item/100g Soybean milk Dairy milk Mother’s milk
Thiamine (B1) (mg) 0.04 0.04 0.02
Riboflavin (B2) (mg) 0.02 0.15 0.03
Niacin (mg) 0.62 0.20 0.20
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a A . o a A g’ o o Yo v
933130 glycoconjugates 199111 Tod Inuaan lsantiimin Tuanad 1asuanuaulaedn
s ! J { o o ' 1 P v 24
nnmngduanasasueuivuaiselud Idi ld1d 1dhenga a5 Tulamsamariiie
o 1 l o I 4 @ a o < 1
Sudsgmudldudree igndeslud Iddnuazszmasu ludwsnad Ididndulare Tae
{ 1 { 1 4 4 o 13 IS J [ {
nlindsundasglsie lonaeu luted 1 Ingneziduunase s IdivuuaniS o il
P [ 1 a 3 d'A A A 1 dy @ =~ a o =
sz Teminordood luusnaniv wenuaiGomartivinasws luTodn shldioranauaz
[ v
Hannsa lviiunTiaedy (short-chain fatty acid, SCFA) 1un acetate, butyrate, propionate L0
=4

S o Yo a ' A o a A dAA 4
lactate uwawﬂwmmu@aumﬂﬂ’eﬂsﬂaﬂamazmemawumi;aumﬂmuﬂiziﬂﬂm

(Vernazza et al., 2006) dawaldszuumaduennsinnuauga nszquldarldimsiiuan
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sreznaIMsdufauazazauasnyuazasnouzsuNiad 14 39sannnudeave
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madlunzisad 1dvg venaniideneamuanudumuaeirens Isa 3enszqulnieme
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519 laginmizinanuazuaaFon aaou lsdMiduaungldifauzi5e ¥roaaszau
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B-galaotos1dase & (Manning and Gibson, 2004; Holzapfel and Schillinger, 2002; Kaur et al.,
a { A o [ a 4

2002) W3 luTeanntouniunldiuuin Ae WgnTaTed Inusan11se (fructo-oligosaccharides),
a a a J

duYaY (inulin), nglalodlnuwan1lse (gluco-oligosaccharides) tazuanylad (lactulose)

. N £ ] a o 79 ¥ A
(Manning and Gibson, 2004) @anu'lalusssumanazannsoimndszgndlduaziasulu
a [ 4 1 I~/ A o v 9 Aa ~ 9 =~ Aa
HAAAMHNDIMI30139 1T UM TN UAIMAIHT VAL InANADINITNGUAINNA (Holzapfel
a a a Y] 1 3 [] 4 1 =y
and Schillinger, 2002) m3tasuws luTeanaslundanaaiaie Wullyaysmneiodudsuns

19 A

195V04 Bifidobacterium WAz Lactobacillus 1Hungus 1aa w3 luTeangmimnaiulu
a [ 1 [] A A A A A [ = a [ s
HAANDINAC) 1Y 1ATOIAN FOATITA 1ATOIANNOGUAIN TyiNy HanAINVUNDY YUNila
o o ) o < <3 2} [V Aa o 4
niou undmsumsnuazomsdmiuanan e 1dn yunnnu hade tazpdaafuaiun
a o 1
(Manning and  Gibson, 2004) W3 luTe@namnsalszgndldluemis ldvanualeni
a A a OBJ} A9 o w A 1 49/ [] 1 9
Tus luTeanun iiesainIns luTeaniuiidednaiiosnisegsonvouse linuaenanuiou
1 [ a 9 . . dy ~ a [ d’d
vaz ldansodudadveon®iould (Manning and Gibson, 2004) HannLing luTeAnanani]
Y A 09; A A =] Y A Y] oy .
elunemsdlinuauiaazaieti]d dsennnau Sanurulndifesduima Rice,
[ Y
2002) Tagn lilfianunnudesas 30-60 vouimaglasa (Belitz et al., 2004) waziiloom1s
9 =) n’/’ [ @ 1 9 A <3 o = o ]
$ouaz 88 DnNadanadInenIa ANNT o MIusEonuYwazMItiazats 3eaunsoii lru
[ $ Qy [ oy .
ATLUIUMTLALAL 19 A1 T4 o1 613 TianuFeud nSeneald (Rice, 2002)
FU= = 1 a a a a QY a
1atimsAnymsdaasumsnsyan TavesgauniddlronanTod Inusaai-
d A 1 1 :JI Y A a 1 a 1 a
lsdwiinaian adraunuie netlimedoansnsulsuavesansusazyianaisaulue1vis
e lvinanavews luTean (prebiotic effect) Tumsdanaveand luToAndulnajazdnuinin
a a a a 4
mimtymuTmmzﬂﬂﬂﬁmmi}auﬂ%mﬂ bifidobacteria (4% lactobacilli (Vernazza et al.,

. £ a AddAa a @ Y <
2006; Fuller and Gibson, 1998) Fuilugaunisnionsnalumssnyuazilosnulsaluanuag

9 1 . ~ a d' dy dgl LY a ~ a
@Gl,wmu (Salminen ef al., 1998) Haw®ans 11 ToannuaaesnuItaziusdiulsuams lulean

U
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s nwde lduniigamiulaninnsdnyived Rycroft  tazame  (2001) Tuunusail
Aa 1 5 1 { A I o g ]

USu Bifidobacterium spp. ogunFergaedrumulsaina ludnuazilesiuiens Tsnlu

&'l1& (Vernazza et al., 2006)
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Tugr 1dlvgvesuywdlingaunsdndulseToviaoirenie 15u
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Bifidobacterium, Eubacterium Q% Lactobacillus ezl udUATI8A0T MY 15U Clostridium,
k4
Shigella 1% Veillonella (Roberfroid, 2001) @1uf1819anuveans luledn w3 luTedaniiu
9 9 a a Aa Aa o ] ° 9 a A
vrdoanszqumsniyay Tavowuansenilsy Tevinazezassildinanislasunilag
a A o 9 v dy as o A A o 9y 4
yosauaagaunidlagsaulud 1d1ng msdealaeddnmsninvewuaiiselud 1duynd
a 4 a J a 4
aroinInTod Inuannlsa nuanlaled Inuwanlsa leTaled Inusanlsq lolsuoaln-
a 4 A o v o
Tod Inuananlse nazuaayTag awsomiud I bifidobacteria 1182 lactobacilli wagdain 1@

1UIU clostridia L1AL bacteroides aﬂmﬁﬂﬁ”aa (Rycroft et al., 2001)

4.2 viaveans lulofn

T liws luTedanvzfluasdsyneuwinToa Tnusan1 lsd 1dun vznla-
Toalnuganlsd wazduyau  duiumdlulawsninyldlusssunanaziionldods
unsvane Taens luTeannionldluszavgaamnssuriaous ldun WinTalealnusan-

56 loTauealnlodlnuananlsd uaz loTalod Tnuwanlsa iWludu daaaslu Table 6

4.2.1 Tealnuzamlsalusssuma
a g a a
4.2.1.1 Wynlaledlnuwanlsa nazduyau (Fructo-oligosaccharides, FOS
and Inulin)
duyawiluarswoduann1lse (polysaccharides) oglunguilgalalodln-
uxan s Hgalad (fructose) iuesnsznou Tnseadinlsznoudio Glu al-2[BFrul-2],
Tag n>10 duyauiilaseadnduiuinunialodlnuganlse uaninlnTed Inusnaan-
Y '

lsatiinninTuanadini1 ignlaled Tnuanm lsdimdrinmsduasizinedned (degree

. 3 [l ' A 1 IA a a a
of polymerization, DP) 8811914 2-60 Tutanani DP 111 20 NAsduyay Wgnlalealn-

o 9 ™ a 3 A ==t a £ 9 = 1

paan lsany lan ldlusssumansluie upafise nazsiueris Fawnla ludisninn i
36,000 ¥HA 1% FAAYS (chicory) M lIHTe 91781 Waview NIy Jerusalem artichock
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o o Y a A Y 1 1 o v a ~ aSAa a
llul?ij Hagnaly E]’LJuauﬂhﬂl1ﬂﬂ1ﬂﬂ1§ﬂ1ﬁﬂuﬂlﬁq‘1%$ﬁﬂﬂ%?ﬂ’ﬂ’)ﬂfﬂﬂ%i Tﬂamuuﬁauuaz

k)

TodaInlgnTaa)szunar 150-200 Faansuaonsy uaz 80-120 HAANTNADNIUYDINIFANLT

o w . . . . Aa I Y
AWEIAY (Kolida, 2000; Flickinger, 2003; Gibson, 2004) W3n TaTod Inuaan1lsd lunianisAn



fogluzilveunaniutlsznouds 1-kestose (GF,) Zovaz 25-30 (wiw), nystose (GF,) Yovas
10-15, 1"-fructofuranosylnystose (GF,) $ooaz 5-10 nagng Inasosas 25-30 (Kim et al., 2000)
imsnaalgnlaled lnugam lsduazduyawiuswaumnluvatelszmauazgii 14
Tundnsaaianen wu vunilinsou inTesdn Tadsa evmsshiyity uazansIianuma

A ~ A H A A 2 9 va '
(Gibson, 2004) IUDINUANUUNULHUDUUIND "lmJﬂau azmﬂslumulm'ﬂ AT ONUND

= Y 1 Y ' Y . Ja a oA va A
WY  ANUIDU uazﬂmwmmulﬂmlwmqmn (Rice, 2002) HONINUDUUAUIINTUUSLH

G
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ﬁum‘ﬂmﬁu% o ﬁ']ﬂJ']iﬂhlGIﬂ‘]Juﬁ’]iiﬁﬂ?’]uﬁ?’]uﬂulmﬁ@iﬂ’] (low-calorie sweetener) @13
v
naunu v (fat substitute) uazmamaﬂ%’uﬂ;uﬁaﬁuﬁa (texture modifier) (Tungland and

4! A U dyd d‘ 9 [ T v A [ 4 a 4
Meyer, 2002) FIAUTNUALATUNANNUNYIVDINUATIATUNITTUATICVTNOANDT (DP) Tag

a a

Y Y
DUYAUAYTY (short-chain inulin) wiolod Invlgn Inaawnsnazareir lduinniwaznau

1 Y
AMBUYAUTITUIA (native inulin) Favzilsannumieuimiaglasaualszauanuniu

Y 1

Y T
oo (szaunNuHNUiosay 30-35 veuhmaylasd) uazliunaeiaind (12 keal/g)

Y
v

@ =2 o 9 s A g’ 1 1 A :J}
aqiudsansii 11l se Tembiwounwihmag lasauanedunionanua lugasvos
91111318 @2uduYAUA10017 (long-chain inulin) FiiA1 DP g9n31 (DP22-25) 9@ WITONU
! Y Y 2‘ Y Y ' = A 1A a a
asauiouldanii azarerih Idiesndi uazezlinnuniianinnduyauilsn@ (Wada e
al., 2005)
a 4 a a 1 [ o <3 1 %
WinlaTed Inusaalsa neduyaus: lugndeslud ldidanuaszgnuin
o ' [ % us/‘ a a 4
TaguuaiGelud1dIng ladunsalvdumedu taznszqumsniy@uTammzuuafizon
d [} 4 1
11)52 Towd 197U bifidobacteria, lactobacilli tia eubacteria 1oz hilwilse Tominauuanise
1 Qs}l 1 4 a Jd o
no13q bifidobacteria  Wulinwamisnlumsaeduyogaunidne Tsnlunypd 1@ uaz
[ a S d o I Y qs/l [ Y a wAa
AInanduas1BINgaunidne lsauaz Isnlud 1d1dnslumsnaassszaudesdfianms

wazluszdudainaass (Flickinger, 2003)

Y A [

MINMIANBINUIINTUT Ina FOS Ysuaediiosiiga 4 nsuaeiu 92570

1 a a a . . o 9 4 [] A v o W 1 Y dQ’ d?’
duasumsnsyanTaved bifidobacteria Tud ldvesnypdodiivedinny uaaz Iinanoiu
M5u1senu 8 nSUAD U (Manning and Gibson, 2004) 31nmM3snaasslueiaains lagld
1) a ) o 1w v a
SudsemunlgnTaTed Inusan lsadsum 15 nfuaeIu wundidsum Bifidobacterium u

' 4
9INTLINNAUDN 10 11 wagiiFunagaunsdne 1sAwu Clostridia 1182 Enterobacteria anag

dyd Y o a J o 1w '
uonvniimsnaaenldaursisuilsemurinlaledInusanilsd 8 nuaeTu Wy

a { g A 3 '
YSinawwaiSenidiuilse Tenilugarsziiniu 10 1M1 (Macfarlane and Cumming, 1998)



Table 6. Composition (given in % by weight) of some candidate prebiotics available for human

consumption
Composition envisaged Dry
Product name Ara Xyl Man Gal Gl Total
by Matter
Fructooligosaccharide Suntory, Japan 94.0 - - 340 0.2 533 87.4+13
Isomaltooligosaccharide Showa Sangyo, Japan 77.8 - - - - 29.8  29.8+0.5
Oligomate Yakult, Japan 74.9 0.1 - 0.8 18.6 227 42.2+£25
Palatinose Sudzucker, Germany 92.6 0.1 - 105 - 357 46.3+2.8
Polydextrose - 89.8 - - 0.3 1.9 36.5 38.7+2.6
Pyrodextrin Matsutani, Japan 943 - - - 0.2 18.8  20.0+0.5
Raftiline Orafti, Belgium 93.3 - 0.1 347 0.8 50.2 85.8+34
Soybean oligosaccharide  Calpis, Japan 76.5 - 0.1 7.5 8.4 15,6  32.343.9
Xylooligosaccharide Suntory, Japan 94.9 0.8 259 0.6 - 1.6 29.4+1.3

¢ Recovery of fructose was measured as mannose (Man) and glucose (Glc). Ara, arabinose; Xyl,
xylose; Gal, galactose

Source: Holzapfel and Schillinger (2002)

4.2.1.2 muanlalealnuwanllse (Galacto-oligosaccharides, GOS)
nwaalaled Inuganlsdiduledlnuyaarlsafifinnanlaaiiu
pantlsznov TaeliInssadefie a-D-Glu-(1-4)-[B-D- Gal-(1-6)-], Tae n =2-5 wu laTuuuves
9
vysduazuyd uazdunsizd laninihatananlaa Taeldiou lmiudinuan lnFae (B-
galactosidase) FanuanIn Tod Inuxan lsailunguTeda Inuananlsdisume liaunsades
18 ansanaoud lidsdr 18 najuazgnminTasgaunsdnedeegluar1dna lananan
] o 09: [} a a a 5] [
vinmsnimiunsa lviiuaedu su ozdan TwswTown 42 1msn vazma iy lalasau
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% %

= J 4 @ J = o Y
U Lmzmmau”lﬂaaﬂ"lcm ﬂmllwumﬂﬁu QﬂﬁTJil‘U‘V]1JWI1‘L!ﬂﬁﬂiﬂﬂj‘ﬁﬁﬂﬁ/\lu’maﬂm

o [~ v [V 12 Aaa o oA

molud 1dng) Hunvamdsnuldundandenlud 14 v wiumsgedFuunadonuas
[ a 2 o ] [ o '

puniliFon Hdosdumanauzisadr1dna Taons Tlaaszauiieslud 14 na aruqu

d A A 9 9 a 1 2 A A A 9 d? ]
ulaiaieg Mherdeclunsadwarsibuazaisneuzsaiuaiisoadsu wu p-

. . o { o 1 1
glucoronidase 118 nitroreductase A3 IUINAIIUTENOUMIUBUATIBA19Y) 15U Loy Tty

a £ g Y 9 9 < a d? . .
oulaa suiludnszduldugssgnanoadiu (Sako, 1999; Kolida ef al., 2000; Gibson, 2004)
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bifidobacteria !,Lﬁ$fﬂ%ﬂ’iuWafﬂ']ﬂllllﬂﬂlﬁﬂﬂ\iﬂaTJulﬂﬂ@]’l’)!JJﬂiﬂﬂﬁzﬂ']unﬂ?uﬂﬁiﬂﬂmflﬂﬂ'ﬂ

o 1 T Y Y <3 [ ~ 1 <Y o 1 9 A
2.5 N5U UANIINADIN I UNAADANNA TUMI018999132NABIT VY seMued1atpeNga 5
o 1T YR a g1 a = J
nfuApiuIto (1990) lddnyiwavesnanialod Inugaa lsaaegaunidluganszves
@ o a a [ 1 [ ' o a 4
preaiiasmaei iy 12 au TaeldusTaaludSuna 10 nuaeiu nudwiugaunis
Y I
ﬁﬂﬁuﬂ,bacteroides, Enterobacteriaceae W% enterococci Miiimsnlasuuilas ualsuaveq
' 2
bifidobacteria 1182 lactobacilli 1NAUBE1TITod ARy (Kolida ef al., 2000)
a d
4.2.1.3 wesiuledlnuwanlsa ( Soybean oligosaccharides, SOS)
a d I a ¢ A M 2 a
wooiiuloa Inuyani lsailuled Tnusaa lsannuludunaessalod In-
4 [V ) a
uan 15anan Ao 31N Tua (raffinose) tlazanf 1od (stachyose) (Gibson, 2004) lawil
Tnssadefe [o-D-Gal-(1-6)] - a-D-Glu-(1-2)-p-D-Fru 1a® n=1 #30 2 @1150NUADNITEOY
o I 4 { o 1 o Aa o
Tunszimnzennsuazdr 1dian uazamnsomaoud ldsudedr 1dvajuazgniinTasgaun3s
nNQu bifidobacteria No1Fo0d 1ud1 14 1) Benno (1987) Tdiinmsnaasslaglddlugduou 7
[ a [ 1w I (% L4 1 o . .
Aau sulsgmus il Tua 15 asuaedu Wumar 4 §darrd wnu131uIuvel bifidobacteria
A 4 o a 4 ]
IMNIULAZ A INTOAATIUIUYDIYAUNS O Bacteroides spp. ez Clostridium spp. 31408190

Y
9 w %

o A (a a S z @ A . ==
Hodian TuvaeNTunagaunidnimuaiugini (Kolida e al, 2000) 31NMIANEIVDI

1 A Y % [ ~ a 4
Hayakawa ytazaaiz (1990) wudnie l¥ieanasias 6 au Sudsemuaesiiuledlnusan lsa

v 1 o & o ¢ ' A o . . [
10 A5UR0Y a1 3 a1y awsas ey 11IUYBY bifidobacteria 11AE lactobacilli 1A
aAd1UIUVY clostridia 1Az peptostreptococci 1UgI13E IApd19iiTed 1Ay Tuvazh Wada
[} [ a 4 Y] [ [

wazane (1992) 1d1doanaias 7 au Sulsemusssiuloalnuganlsd 10.6 nsuaeIu

I @ 4 (R A o . . v o W 1
Wunar3  duat nunsewuiIuINYes bifidobacteria lléfﬂﬂﬁﬁuﬂﬁ”lﬂﬂul UATINITDAN

o . Y A 3 Y ' 0911 A dyd 1 Aa ~
IUIUVDN Bacteroides spp. "lmwmmﬂuaﬂmmu uaﬂmuEJi]”lﬂuﬂ’a‘lf’maﬂﬂimmu@ﬂmuEJ

1 4
~ =<

. Yy ] a a Ad Y Y 1 Aa
uaz P-glucosidase Tuganszld nazgrvanasiyiyaunidad s ldun dulaa anmea
= =
(skatole) WHo@ 1A W131ATFOQ (p-cresol) (Tuohy ef al. 2005)
4.2.2 Tealnuwamlsanlaanmsdunszss
d
4.2.2.1 lelxsuealaloalnusanlsa (Isomaltooligosaccharides, IMO)
loTsuoalalod Inusantlsdlsznoudrontitovesng Inaaenudieiuse
16 glucosidic linkage (Gibson, 2004) LALDIWNUMIHOUAIWUTY oul-4 AIDE1YU
loTouoalad (isomaltose) 1o Tuoalnlaslod (isomaltotriose) lo Tauoalamsnase loa

(isomaltotetraose) ttaz LW Tud (panose) 1ae'le Isuoalalod Inuzaailsarzgndesldaie



A ' . o ' Y
nuafiFeneluihnlunguues St mutans (Tsunesiro er al., 1997) uonnnididusgneos 1a

1 9 o . o Y < ! ..
v1aaudeen loi lo Tyueana (isomaltase) Jud1 1d1@ana11na19 (jejunum) voInu uaz

a Rl 1 <3 o o 1

Toa Inuwaa lsadruiidenzgnuinlasuuaiiFelud1d1vn) Kancko tazame (1994)
= v o 9 4 T v A [ 4 a 4 = 1 a
Anymsniinues IMO ludlduypd wundrimsduasiziwedmes (DP) HaAon 151951y
V04 bifidobacteria (Kolida ez al., 2000) 31nmsan lunuusiassdr ldunuaeiiied 3 sze

a 1 a

1 o a d Q‘ 4 a @ ]
wunmswninleTauealaled Inuaan lsasraiugaunidnguuaansatananiaz 6939
NS lnisndnadae (Gibson, 200)

4.2.2.2 wannlaa (Lactulose)
a :’ =\ 9 A
wany laanaauiainiiaiasanlaa U1Asa319A9 B-D-Gal-(1-4)-B-D-Fru
1 1 9 4 . = 1 Y] % = 1 1
uany Tad ligndesaloiou lail B-galactosidase Faanunuan Ind wany laadelugndos
o < 1 % a s J o ] . . %
vazgaduludrldidnuaszgnuiinlaggaunidludildIng Ao bifidobacteria N13 1IN
Y a o 1 1 g a 4 J )
vany Taavz landasuaidiulvaiduezHian vazuanan  lunusesuauduany lad gnii
A Y vy I a o A = 9
p0nu19NIgHe 1F lumswnnegnnaelunaadusioguaIn annsanyl lag v
p1eaias 8 AU Suszmuuany Tag 3 ASUADIY WUNAWTDNUTIUIUVDA bifidobacteria
] b4 Y
TuuazNIUINVDI bacteroides 1ag clostridia HHanas uazuonIniloulaa anmea Nuoa
ﬁmwmq%ma ¢ PB-glucuronidase, nitroreductase LLa¢ azoreductase §1ana3dnae (Hartemink,
1999; Kolida et al., 2000)
4.2.2.3 !mﬂiﬂ*’giﬂiﬁ (Lactosucrose)
a qgj . !
uanlagy Insananninaisasduinludiunauuosanladuazglasa Taoly
4 4 vAa ] =) a
tou la13] B-fructofuranosidase 91NN Arthrobacter sp. NAMAVIA UM IAUATUNTOTYUDS

=~

a S . . . 1 ' Y J
9AUN3 QU bifidobacteria (Gibson, 2004) tan Iag Iasa lugndosdieon lsinieluthnuaz

a

[ @ o [l =4 . . . “qe
nuagnuiinlud1d1vaid1098un3dWan bifidobacteria, bacteroides Az  clostridia
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arlda
Jq Y o [ o
Yoneyama tazaaiz (1992) 1@ 1derenaiiag 6 au sudszmuuanlagylnsa 2, 5 uaz 10 N3N
4 v 4 1
AD U WUISIUIU bifidobacteria  HwiuIuodnTsd gy lunnszavvowanlaglasan
Yo ] = v W Y o Y
185D naziFuRertunuNTNAaeued Ogata  nazamz (1993) 1diinisnaasslaelv
1Al 8 Ausulsemuunanlaglasal, 2 uaz3  ATUADIU WUNTIUIUVOY
. oA & o = =
bifidobacteria 1A IUNNIzAVVOIan Tag Iasanany Tuvaeh CL Perfringens  uay

A
wouTuiisluganisziivanad (Hartemink, 1999)



4.2.2.4 nglaledlnuwnnlsd (Gluco-oligosaccharides)

a I I a I oy
ngInTed Inuaanlsa WuledTnuwnn lsanlszneudrnimang Tnaw
1w o a [ d 4
@aﬂué”mwu‘ﬁzﬁ,m glucosidic  linkages HARIAMIFaUAI1EHAe0U o] glucosyl-
a ad 9 ]
transferase  9INYAUNIY Leuconostoc mesenteroides Iaemsdng Tuanang Inaaing Iasad

U Y

Wud ¥ I dawealaaguiudify Tagazil Dr2-6 nglaledlnusnnilsdgndosaise

AUNTINaW bifidobacteria LAZNAY bacteroides (Gibson, 2004; Hartemink, 1999)

Q Q
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4.2.2.5 "l«uiaiaainumﬂm"lsd (Xylo-oligosaccharides, XOS)

1o TaTodTnuzaa lsd WuenevesTianala Tasiidefudieiuse p1-4 &
drulngudlrnzilsznoudlolalaluloa (xylobiose) lasTalasToa (xylotriose) uaglasTa-
1n5nATe 10d (xylotetraose) (Gibson, 2004) lasTa Tod Tnusani lsd ligndeslud 1didnuazgn
wiinfig1 1§ na) daulngudlnsgnuinlasgdunidnan  bifidobacteria 91AM3AnY1 1Y
prnaiasmeAe 5 au wumssudsznilylaled Tnugan lsaaunsadinySaves
bifidobacteria 11999132 18 odslsAa linumslasunlaslunuafienguaue (Okazaki

et al., 1990 91378 Hartemink, 1999)
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4.3 vmnezilszlaviveans lulefinaogu,mn
4.3.1 MHANUMUMUAD]INYDVITIIUDLYUWAY (acute gastroenteritis)
1 = Y = 1 =) U ng; = A
T3A91521URYUNAUD 1 TNAAD D NAUIREUANTUALINT0D19HAY
09/' d! a 9 a [ A g’ d' § 49’ 1 A a
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2
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9
Vibrio cholera Waz Clostridium perfringens \¥0no 15001992017 00giaz95 9 TUNIUALD 115
[ oaj < [ [ dy A Y 9 A 9 a [ ~
a9 ununs lduiledeveud 1t niee1vvzaseasivaslueimisneuieg
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inaemsnan ld e1deunazned319 (Hui ef al., 1994 8191A8 Vernazza et al., 2006) LuAio
! Ao o o ¥ SN Y Aa A Y % . 1 4
nolsandngyludr1dvesyud 1dun nuaiSeniinadoaomaa (cytotoxic) 15U E. coli %4

o 9 , ¥ o o r 2 . A a
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Y A A A 1w o Y . ' &~
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o ) 4 oo Y v a A s v Ao qu
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a @ o a < [ v A
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2 . . . 4 a ' =2 = 1 =
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I % dy (= 1
Tutana (deamination) Az UAIBUIDINIIEAY (Tto er al., 1990) NMTNAADITUTZU
o o Y 4 d' = a d P a 1
$ravsvosd lduywdimodnymavesnwan InTed Inuwaa lsadeeu laindlunywua B-
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(] < A o
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. R o . L. 2 o a oA & A
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a { 1 a L o
(Burns and Rowland, 2000) 91nMsfinyInauesd1sns luleanilaeyaunidluuypdlagla
v 9
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] ~ oA Y o dyd! o W 3 A =\ [
wazszavuon ludlsanas uaan ldiauennniigedrnguinlunmsaanziinonsiiszay
a a ] 1 I 1 [ lo [ U o o
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aan [ { { o Y a a
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. £ A Y s 2 o I < A Y
(apoptosis) FUTIUNILUIUMINYIBAANINIZAWFAANLIT A HaANITWATINYIZAL
ay o 1 4 I A I (] A dy Aa 4 ~
yoaniAuiuasyaauzsuiesnImumsssiuiunAIveuyaa 1sau (Bomet er al,

2002)
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Y ' a a s ) o dy
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o 3 J o/ . . &
fudaeu lanidoslusiu (lipogenic enzymes) Tudu
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ouasw 1wy d1silsznouiil luTasmuiluesdlsznoudailuny malaTasnuda lvd (1,9)

uazensvsznevnnelinavziS i ol uiNy (Holzapfel ef al., 1998; Gibson, 2004)
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a Aa

a A % d
Tus'luTedn (probiotics) A gauUNIINTFIAG 52 Teminoguamvoui

Ll
Ed
o 1

o a I ) a g qgj
thuTaezdlSuauaavesaaunidludr 1diavu sr1i1lns luTeAnadeliunswsnlae Lilly
1 a vAa o y
uaz Stillwell 1Tl 1965 MsszyaniluInsluToanzdeslinuauriansil (Fuller, 1989 819100
Gibson and Roberfroid, 1995)
a Y = 9 as A o Yo o Aaxa [
1. TwsluTednvzdesamnsawisudiedsmsnim ldiuddizinoguas Tu
YFuannla
1 9 < [V a 9 v AAA 1 =
2. luszwinmsld uagmanusnw Tus'luleAnszdesdelizineguasd
YT N
9 [ A 9 o 9
3. 9zAvsagTon ludunadouvosd Id
] 4 ] a
4. 1311uezdnelasuilse Teminnerdevesins luTedn
a o sa J { A a 4 1
TnsluTedAnaeugniuitentsenoudregaunsdngu Lactobacillus,
@ 1 o 4 1 1 ]
Bifidobacterium Q¢ Enterococcus  QI0YWANWWWUTUDILAQSNQN L¥U Lactobacillus
acidophilus, L. johnsonii, L. casei, L. gasseri, L. plantarum, L. rhamnosus, Bifidobacterium
longum, Bifidobacterium breve, Bifidobacterium bifidum, Bifidobacterium infantis, Enterococcus
faecalis W Enterococcus faecium (Kaur et al., 2002) TWﬁ"hJTaﬁﬂﬁﬁmﬂuﬁamawmzaeﬂu
a2 o o < . : 4 I a
sUnuuduMemsniinuaz ik auuuBonuda (lyophilized form) & ldneiuomsiasy
pagih Il lumandynssu (Figure 2) nuafiSe Ins luTeanMinnldiulasdiulug fe
o a a I a @ r'd 1 a
lactobacilli 1182 bifidobacteria 1150111 Tns TuTodn luwdailundasmaiomsundus Tnald
[ [ <3 4 4 Aa o s o
WInNe 1Y ag g W 1nT09AN HazHANN U ULHEN (Holzapfel , 2006; Vernazza ef al.,
9
a [ 4 % 1 ] a
2006) Namﬂmmﬂizmwuuwuﬂmuimyfuzwaﬁéfam% L. acidophilus, L. crispatus, L.

J

E4
Jjohnsonii, L. casei, L. paracasei \0& Bifidobacterium spp. wennniidell Ing luTeAnaeniug

Q

1 = A o 9 o a [ 4 [
a9 anunmenti 1¥dse Tesi lunaanumnorviisaduaadlu Table 7 (Holzapfel — and
e £ a as 1 Ad oAy v TG A Ana 1
Schillinger, 2002) w3gaunidnguiilunguilunelsa ludluiy JFieegiilunaiu uaz
a 1 o <3 10 v
aunsaiiiiasearunszmizeisuazar ldian lgar1d1wg 188 (Sandholm er al., 2002)
Aa A dA o 1 o 9 [ % ~ 1 [l o Yy a3 Y
yaunidnedoedlud 1dIngninasi liamisades Taedr 1danveudn
9/ v & o ' 9 A ' ' . o AN 1
u'ld Feansaananilsznevdleuilannuaenisaes (resistant starch) a5 10 latagni 1y
] a 4
1315080814 (non-digestible carbohydrates) 10d Inusan1lsa 115Au uazasildon (mucins)
o o (=1 a - J %
nszvaumsninlud 1€ lvaidl 2 uny Ae uzan1lsladn (saccharolytic) Fuilumsninais

Tunquans Tulaasn uazInsiloladn (proteolytic) FuTlumaminarslungullsdu ms



ninuUULAA 15 laaaaznan1nuuy Ing i 1s lafa MaNaanan1nAIZUIUNTHI AL
a A C% 3 1 Id’ Y A a a a

usan 15 laannensa luiuaedu nsadiulngla Ae ozdmn Iwswloun wazda lnisn
¥ Y v

Feozdnnazgnii U 1Flund e Tuvagh Insi Torumvzgnuudsludedunaz 19 uns
[ 4 [ a q’/} I~ 1 Y] d' o o 9 1 L o 9 =1 wAa
dunsizd ATP druidd nsniwduvamasnuididgienaealud 1duazliquaniia
I [ T Y dy v Y a @ a a I A
Wudraeduiieten lunteasaduinurananannmsuinuuuInsile ladaszituasni
Tulasmuilussniszno wu a1sdszneuiuedn ol uazuen Tuiile Fearsuredudu

159115 (Gibson, 2004)

Probiotic
strains

Traditional fermented Pharmaceuticals
foods

Food products
(functional foods)

Lactic fermented foods * Novel-type fermented Viable micro-organisms

of plant or animal

origin, and consumed

in a raw or uncooked
state. Presence of LAB
strains with:

o ability to survive
passage of the
upper intestinal
tract, and

* One or more
functional
properties
beneficial to the
GIT

foods containing viable

bacterial strains selected

for their functional

properties:

- probiotic “yoghurts” and
other milk products

- probiotic mildly
fermented sausages

- probiotic fruit juices

Cereal-based foods

containing both live micro-

organisms + prebiotics =
synbiotics

Nutritional supplements
(as capsules, tablets or
powders)

selected for their functional
properties, and
administered in capsules,
tablets, or as lyophilised
powders, often micro-
encapsulated

Figure 2. Administration of probiotics in different forms

Source: Holzapfel (2006)




Table 7. Microbial species from which strains find application in probiotic products

Lactobacillus Bifidobacterium .
. ‘ Other LAB “Non-lactics”
species species

L. acidophilus B. adolescentis Ent. faecalis ° Bacillus cereus (toyoi =) b
L. amylovorus B. animalis Ent. faecium Escherichia coli (Nissle, 1917 &)
(L. casei) B. bifidum Sporolactobacillus Propionibacterium freudenreichii °
L. crispatus B. breve Inulinus ° Saccharomyces cerevisiae (boulardii =)
L. gallinarum ° B. infantis
L. gasseri B. lactis®
L. johnsonii B. longum
L. paracasei

L. plantarum
L. reuteri

L. rhamnosus

* Mainly as pharmaceutical preparations.
° Mainly applied for animals.
‘ Probably synonymous with B. animalis.

Source: Holzapfel and Schillinger (2002)
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wagluuanEeofeegllszina 500 A AVIUINIUANGEREIIUIUIN LUANTBUAaz A

o ] Aaan 1w ] ] o 1 P { [ o
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msuanilasuenisnuszriauaiiGouaazyia msvinlud 1dIne Tasdrulvgjaziily

% a A A v o 9 [ o QBJ} 1 [l 3
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Ivigyaquilate (Gibson,  2004) 1uIUYAUNTIIUMBAUBIMITUAazAIUTUTYT VN
1 [ = 1 3 1 A Aaa =) [ =
UANANAY (Table 8) TunanAo11133 10'-10° CFU diodladans (M3on3u) Tunszmize sl

7 1 A aa o Y ' .. = 7 1 Aa aa 1 1 3|
10" CFU siodiaaans Tud1dand1unans (ejunum) 3 10" CFU doliaaans daulnajaziilu

a o <3 |

lactobacilli, Enterobacteriaceae Q% streptococci Tuysnatarevesdr 1danautlare

. . A o 1 9 1 [ o A [ =\ 11 1
(terminal ileum) 831191319031 10° CFU @onsu Tud 1@ Tnajdauilaredl 5X10" CFU o

ASY  Bacteroides  wazlUANEounsuUINN TUA0INIOINANIN Eubacterium 1AL



Bifidobacterium I 1ununuiuiunazioniwassrauinludr1dIng daunquous wu
Y
v o o [ @ [
clostridia, peptostreptococci, streptococci Qg lactobacilliuuﬂﬁUﬂU”mﬁmﬂJuﬁ}?ﬂwuﬂu LU
1 @ 4 o a o 3 o <3 egqe
¥resnuuanssmmvoudotonludrlduaznannialviiueaedu Tudr1&18n lactobacilli
@ 1A o @ U a =4 U 4' 4' A o d' U d'd =)
HuniunumdiaguInngaunidngudue iesninidrurunninnnluaunlguning
a o e 1 1 [ o < [
Taglndudlaziia1uu lactobacilli Turos1n 10°-10° CFU aensu ludldidndrudare 10°-
1 [ o ] v o J . ¥ a S
10’ CFU sionsu wazlud 1 1dnaj 10*-10° CFU Aonsy uonanil lactobacilli fuilugaun3dn
=\ o ' a2 9
Nunumdnylugesnaeadndiy (Holzapfel, 2006)
a qs: 4 1 4 a
TwsluTeantiuiidse Tosiuinuie wu sz Tesiau Insuinis msnae
a a a g ~ o @ A . [ Y [ A a
Faiiu mawaaou ladgosemsididny fio B-galactosidase flosiuuazanlsnioss g
a dy 1 Y 1 @ 1 d‘ 9 [l (] d’ a a dy [
nnmsaae 1wy Tsanessnluinnewuien Tsanesinwednguussinaninmsaaie lasa
< ] a @ 1 A 4 o o
luian sreannsadnesoalwdon nszduszuugiduiy Hremumsnaou Inavesdr 1dii
Q‘ o 1 a Y] 1 4 {
1dane1nsioyn tazmuanudunmuvesdr1d sreasunavesingu sroaaou lain
1 a < [ 4
A linauzise aamsuivan Iaaluunsdl (Holzapfel ef al., 1998; Kaur et al., 2002) 1194910
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Tws'luTednise Toriosaunuenos enedalanuweeunazilnaunss lns luledann
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Uszdrauludrld medeamsliinails Teminanaid (Gibson, 2004)

5.1 poaauinvedlws lulefniia
v A o q9 < £ o q9a
1. gnnsaadunsananan mlinszmnzemnndunsamniuiildinans
1 4 1 4 [ a 1
goouazms1¥lse Teminnaseisane laavu wazlsvanmvesmaudueiisdeglu
{ a J a
anmiuuaiselaanesuain lae1n (Isolauri, 2004)
1 Y a 9 =S B2
2. gnsonuaensa lunsznizo1nis laa 1ns luTeAnvzdeslinueauiialy
1A A o A 1A 1 Y o Y
msnuaefitwridunsizlunszmnzemsiimiies 2 uanasnnmsslszmuermadly
Y o =~ A I~ . . . [ Y 1
1082 2-4 21 WewztNudu 3 Lactobacillus acidophilus AUTONUABNTA IAANI
== a o A ~ . . aa 9 A A
uuafiGenanAnaenugous 1aof Lactobacillus gasseri 1113503099330 1AWINATHI0Y 3, 2
wag 1.5 MNaNAY Lactobacillus sake (RM 10) Wag Pediococcus acidilactici (P2) 5NN
5090 lagangaNfitoy 3 (Erkkila and Petaja, 2000)
] r;y . o <] : v a3 3‘
3. nuABNA1A (bile salt) lud1 lddngeadndumny 3 luguiduazes

' o Y a3 A PR o & A oy = [l Y 1
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5. ihuradniFiauazmiyd v ldun awnsaiiFiaegseauazinamlalu

ald g

a =
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a a Y A Y IS o o
sazsanlald Tanwamutazainsnsendia la luanmmsmusneas Tusuziing
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a 1 o v 1 a I
anuamsnlumsiiziseg 1dlud 1ddad sredesaaroninermisudr liwanamunsa
o Ty na lvau uazIeniu

Y 1 A ' o J . 1 <
8. Ao lilinuauialunisnen1snaleWug (mutagenic) ABUZISA

I a 1 a Aa
(carcinogenic) SIRYRTRY (toxic) Haznolsn (pathogenic) grv1saadianunines lodu

(bacteriocin) 1a (Ziemer and Gibson, 1998)



Table 8. Estimated numbers (per ml or g of intestinal contents) and suggested role (postulated effects) of major microbial population groups in different

segments of the gastrointestinal tract

Stomach Duodenum Jejunum-+Ileum Colon Positive  Negative
Microbial group
10'-10° CFU/ml  10'-10° CFU/ml  10™-10" CFU/g  10™-5X10'' CFU/g  cffects  effects

Actinomyces spp. 10°-10° ?
Bacteroides-Prevotella-Porphyromonas Group up to 1 0’ ca. 10° 1010’ 10-10" +
Bifidobacterium spp. 10>-10" +

. 7. 4 5 8 9
Clostridium spp. 10-10 10-10 +) +
Coprococcus cutactus 10™-10°

. 2 2 4 3 6 5 7

Enterobacteriaceae up to 10 10°-10 10°-10 10°-10 +) +)
Enterococcus spp. 10>-10* 10>-10°
Eubacterium spp. 10>-10" +
Fusobacterium spp. 10-10° 10™-10’

Source: Holzapfel (2006)
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Table 8. (Continued)

Colon

Stomach Duodenum Jejunum+Ileum Positive ~ Negative
Microbial group
10'-10° CFU/ml  10'-10' CFU/ml  10™-10° CFU/g  10™-5X10" CFu/g  effects  effects
Lactobacillus spp. 10'-10’ 10-10" 10*-10° 10°-10° +
Megamonas hypermegas 10-10°
Megasphaera elsdenii 10-10°
Methanobacteria up to 10’ +) +)
Peptostreptococcus spp. 10>-10° 10*-10" +) +)
3 6
Proteus spp. 10°-10
Pseudomonas spp. >10°
Staphylococcil ca. 10°
1 3 3 8 7
Streptococcus spp. 10-10 10°-10 up to 10
. 3 7 5 8
Veillonella spp. 10°-10 10°-10 +
Yeasts ca. 10’ +

8¢
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= A 4 o Y o Qs: =2 g o o A A o Y dy J A v
wiameiwadvesd Idauindadumsdaviamsivgeyiiond1 1dveusone Tsnhoglu
o Y 9 :/' a Ao A’f d’l 1 1 aAAa a . . a .
a1 ldndeunwmanasnduduyono 15a 15U uuART 10FU (bacteriocins) NTALAAAD LIAZ toxic
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ugnssuiterinnlfifuiaduriasudsemumieusdruu uoudioui 1891 1a3a (viral
antigens) (Gorbach, 2002) ms”lﬁ'%’ui'ﬂ%mleugmﬁaﬂmﬂ lactobacilli m‘ﬂﬁ]zﬁﬁ”sﬂﬁq{v]m’i
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18 maghnnmsisaaadfifuidihefifulsadndniimaulsznnsued lactobacili
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Competitive exclusion of
enteric pathogens

Inhibit growth of potential Triggers cytokine synthesis
pathogens by producing from enterocytes by
lactic acid, bacteriocin attaching to their surface
etc.

PROBIOTICS
Restore the normal Produce toxic metabolites
intestinal flora during e.g. hydrogen peroxide

antibiotic therapy

Production of butyric acid

Increased turnover of Neutralization of
enterocytes dietary carcinogens

Figure 3. Purported mechanisms of action of probiotics

Source: Kaur et al. (2002)
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Table 9. Ingredients of mocked-up soybean milk

Ingredients %
Sugar 5
Salt 0.05
K-carrageenan 0.015
Potassium citrate 0.3
Tri-calcium phosphate 0.1

Source: Adapted from Chaiwanon (1999)



Soybean seeds
Wash and soak in 0.5% (w/v) sodium bicarbonate solution
with soybean to solution ratio of 1:3 at 4°C for 16-18 h

|

Drain and rinse with water for 3 times

|

Blend with warm water (50-60°C) using a blender with

dry soybeans to water ratio of 1:7 (on a weight basis)

|

Filter through 4 layers of cheesecloth, 60 mesh and 100 mesh sieve, respectively

|

Raw soybean milk

|

Heat at 80-85 °C

|

After 10 min, add 0.3% potassium citrate and stir

|

After 13 min, add 0.1% tri-calcium phosphate and 0.05% salt and stir

|

After 15 min, add the solution of 5% sugar and 0.015% K-carrageenan and stir

|

Boil for 20 min

|

Fill in a sterilized plastic bottle and cool down rapidly to < 5° in ice-water bath

|

Store in a refrigerator (1+1°C)

Figure 4. Flow diagram of soybean milk production

Source: Adapted from Chaiwanon (1999)
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Table 10. The augmented simplex-centroid design for prebiotic mixture

Proportion of prebiotics

Coded level Actual level (%)
Treatment

I GOS IMO I GOS IMO

P1 1 0 0 4 0 0

P2 0 1 0 0 4 0

*P3 1 0 0 4 0 0
P4 0.17 0.67 0.17 0.68 2.68 0.68
P5 0.17 0.17 0.67 0.68 0.68 2.68

*P6 0 1 0 0 4 0

P7 0.5 0.5 0 2 2 0

P8 0.5 0 0.5 2 0 2
P9 0.33 0.33 0.33 1.32 1.32 1.32

P10 0 0 1 0 0 4

*P11 0 0 1 0 0 4
P12 0.67 0.17 0.17 2.68 0.68 0.68

P13 0 0.5 0.5 0 2 2

I = inulin, GOS = galacto-oligosaccharides, IMO = isomalto-oligosaccharides.

* The replicated design point.
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Table 11. Chemical composition of soybean seed on a dry weight basis

Content*
Protein (NX6.25) (%) 36.86 £0.05
Carbohydrates** (%) 37.86
Fat (%) 20.08 £ 0.06
Ash (%) 5.2+0.08
Fibre (%) 237+0.12
Total isoflavone*** (mg/100g) 80.34

* Moisture content = 10.63 + 0.03 %, Mean + SD of triplicate determinations.
** Value was obtained by calculation.

**% Total isoflavone = glycitin + genistin + daidzein + glycitein + genistein.
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Table 12. Chemical and physical properties of mocked-up soybean milk (per 100 g)

Properties Mocked-up soybean milk*

Chemical properties

Protein (NX6.25) (%) 3.18+£0.03
Carbohydrates** (%) 7.83
Fat (%) 1.52 £0.02
Ash (%) 0.73 £0.03
Fibre (%) 0.05+0.07
Total isoflavone*** (mg/100ml) 13.26
Physical properties
Total soluble solid (°Brix) 13
Total solid content (%) 13.26 £0.01
Viscosity (cP) 15.17 £0.06
Color CIE L’ value 86.88 + 0.01
a value 0.91 +0.05
b value 16.82 + 0.02

* Mean + SD of triplicate determinations.
** Value was obtained by calculation.

*** Total isoflavone = glycitin + genistin + daidzein + glycitein + genistein.
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Tnnudeu 3 liinal§aseunanisa (Maillard reaction) iaasn 1 amavy (Kwok es

al., 1999; Huebner et al., 2008)

Table 13. The augmented simplex-centroid design for prebiotic mixture and physical properties of

various prebiotics supplemented soybean milks

Mean**
Total soluble .
Treatment Total solid  Viscosity Color CIE
solid (°Brix)
content (%) (cPs) L value a value b value
P1 17 16.04" 20.70" 83.83° 1.02° 17.28"
P2 17 15.22° 19.87° 84.09" 3.15" 15.37°
*P3 17 16.01° 20.63" 83.89° 1.06° 17.26"
P4 17 15.22° 18.40" 84.54" 3.15" 15.31°
P5 15 13.59° 18.27° 83.94° 3.02" 15.58°
*P6 17 15.27° 19.97° 83.62" 3.16" 15.39°
P7 16 15.21° 19.83° 83.68" 2.98" 17.19°
P8 15 14.45° 18.43° 83.81° 3.00™ 16.32°
P9 15 14.46° 18.39° 83.93° 2.89" 15.58°
P10 15 13.55° 17.27° 84.17" 2.92% 16.28°
P11 15 13.54° 17.10° 84.12° 2.98% 16.27"
P12 17 15.89" 20.17° 84.55° 2.88" 15.31°
P13 16 13.59° 17.17° 83.92° 1.05° 16.29"

* P3, P6 and P11 were the replicated design point of P1, P2 and P10, respectively.
** Mean of triplicate determinations.

“* The same letters under the same column indicate no significant differences (p>0.05).
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Table 14. Descriptors developed for general descriptive analysis of soybean milk

Descriptor term

Definition

Reference

Appearance
Color (white-yellow)

Thickness (thin-thick)

Flavor

Beany flavor (weak-strong)

Sweetness (weak-strong)

Texture

Viscosity (slightly-very)

Aftertaste

Sweetness (weak-strong)

Color aspect of soybean milk
How thick a drink looks

when gently swirling cup

Beany characteristic flavor
sensed before swallowing
Perception of sweetness,
associated with the presence

of sugars

Degree of thickness of the
drink during drinking of

soybean milk

Perception of sweetness
remains in the mouth after

swallowing the soybean milk

White, cream and yellow color
Soybean milk added with 0%,
0.015%, 0.025%, 0.035% and

0.045% carrageenan

Unheated soybean milk

Soybean milk added with 5%,
6%, 6.5%, 7% and 7.5%

Sucrose

Soybean milk added with 0%,
0.015%, 0.025%, 0.035% and

0.045% carrageenan

Soybean milk added with 5%,
6%, 6.5%, 7% and 7.5%

Sucrose
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Table 15. Average scores** of soybean milks supplemented with various prebiotic mixtures

Appearance Flavor Texture Aftertaste
Treatment Beany
Color  Thickness Sweetness Viscosity Sweetness
flavor
P1 6.03" 4.92° 4.63° 5.49° 4.92° 5.58"
P2 6.78" 435" 4.14° 6.26" 495" 5.92°
*P3 7.09° 522" 477" 494" 483" 493"
P4 6.72" 529" 408" 5.11° 475" 5.06"
P5 6.70" 476" 476" 522° 453" 5.49°
*P6 6.09" 498" 4.07° 534" 463" 536"
P7 6.63" 5.24" 4.66" 5.41° 5.11° 550"
P8 6.86" 5.05" 423" 5.11° 472" 5.06°
P9 6.47" 490" 3.96" 513" 456" 5.16"
P10 6.80" 5.00" 452" 5.58" 492" 5.40°
*P11 6.44" 457" 3.76" 574" 4.19° 527"
P12 6.47" 5.11° 422" 545" 433" 5.16"
P13 6.71° 485" 4.08" 5.60" 481" 553"

* P3, P6 and P11 were the replicated design point of P1, P2 and P10, respectively.
** Scale = 15 cm, 1.25 = weak, 13.75 = strong.

* The same letters under the same column indicate no significant differences (p>0.05).
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Table 16. The effect of prebiotics on the growth** of probiotic bacteria in the batch culture

fermentations
B. bifidum DSM L. plantarum TISTR L. acidophilus TISTR
Treatment
20456 875 1034
Pl 0.06 + 0.00" 0.17+0.01" 0.41 +0.01°
P2 0.27 £0.02° 0.30 £ 0.01° 0.74 +0.05"
*p3 0.06 = 0.00' 0.17£0.01" 0.41 £0.01°
P4 0.26 £ 0.03™ 0.31+0.01" 0.78 +0.03"
P5 0.24+0.01 0.29 +0.01° 0.71  0.08"
*p6 0.27 +0.02° 0.30 + 0.01° 0.74 + 0.05"
P7 0.25+0.01%* 0.27 +0.01"® 0.67 + 0.03
P8 0.25+0.01° 0.25 + 0.00° 0.62 + 0.03"
P9 0.26 + 0.00™ 028 +0.01 0.73 £ 0.02™
P10 0.24 +0.00°" 0.30 +£0.01“ 0.72 +0.03"
*p11 0.24 +0.00°" 0.30 +£0.01“ 0.72 +0.03"
P12 0.23 +0.01° 0.27+0.01" 0.64 + 0.04°
P13 0.26 +0.01" 0.32+0.01 0.75+0.01"
Glucose 0.30 + 0.02° 0.34 + 0.00° 0.71 +0.02™

* P3, P6 and P11 were the replicated design point of P1, P2 and P10, respectively.

** Values are mean optical density + S.D. for Bifidobacterium bifidum DSM 20456 after 48 h
fermentation, Lactobacillus plantarum TISTR 875 and Lactobacillus acidophilus TISTR 1034
after 24 h fermentation.

“" The same letters under the same column indicate no significant differences (p>0.05).
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Figure 5. The growth curves for Bifidobacterium bifidum DSM 20456 (A), Lactobacillus
plantarum TISTR 875 (B) and Lactobacillus acidophilus TISTR 1034 (C) in the batch culture
fermentation supplemented with various prebiotic mixtures (1% w/v) and glucose as carbon
sources. The growth curves 1: P1 and P3, 2: P2 and P6, 3: P4, 4: P5, 5: P7, 6: P§, 7: P9, 8: P10
and P11, 9: P12, 10: P13 and 11: glucose (control) were determined by measuring the OD of the

cultures at 660 nm intermittently over a 72 h period.
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Figure 5. (Continued)
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Table 17. The predictive and regression models and goodness-of-fit obtained from the growth of

probiotic bacteria

5 . Lack of
Parameter Regression models R p
fit (p)
Bb = 0.06914-0.26GOS0.24IMO+0.351XGOS
Bb - 0.97  <0.0001  0.0593
+0.361XIMO—1.65X10 "GOSXIMO
Lp = 0.181+0.31GOS+0.30IMO+0.12IXGOS
Lp 095 <0.0002 0.0614
+0.0641XIMO-+0.066GOS XIMO
La = 0.41140.77GOS+0.72IMO+0.431XGOS
La 0.98  <0.0001  0.4430

+0.291XIMO+0.056GOSXIMO

Bb = Growth of Bifidobacterium bifidum DSM 20456, Lp = Growth of Lactobacillus plantarum

TISTR 875, La = Growth of Lactobacillus acidophilus TISTR 1034.

I = inulin, GOS = galacto-oligosaccharides, IMO = isomalto-oligosaccharides.

p" = Probability level.
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Figure 6. Contour plot for Bifidobacterium bifidum DSM 20456 (A), Lactobacillus plantarum
TISTR 875 (B) and Lactobacillus acidophilus TISTR 1034 (C) growth in the batch
culture fermentation supplemented with different mixtures of inulin (I), galacto-

oligosaccharides (GOS) and isomalto-oligosaccharides (IMO).
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Figure 6. (Continued)
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A: Inulin
1.2000

® Design Points

A: Inulin
B: GOS
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(bifido: 0.26]

[plantarum: 0.3]

[bifido: 0.265
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Figure 7. Over lay plot of optimum region (yellow shade) that contains 0-0.26%], 0.36-1%GOS
and 0-0.54%IMO which set the limit of B. bifidum DSM 20456, L. plantarum TISTR
875 and L. acidophilus TISTR 1034 growth at least log 0.26, 0.3 and 0.75,

respectively.



Table 18. The optical density* of probiotic bacteria cultured with three optimized prebiotics

formulations and glucose

B. bifidum L. plantarum L. acidophilus
Formulation
DSM 20456 TISTR 875 TISTR 1034
S1(0.111 + 0.62GOS + 0.27IMO) 0.28 + 0.00" 0.31 +0.00° 0.38 +0.01°
S2 (0.00I + 0.64GOS + 0.36IMO) 0.28 + 0.00° 0.32+0.01 0.39+0.01
S3 (0.071 + 0.93GOS + 0.00IMO) 0.28 + 0.00° 0.32+0.01 0.39 + 0.00
Glucose 0.29 £ 0.00" 0.34+0.01° 0.43 +0.01"

" Values are mean optical density + S.D. for Bifidobacterium bifidum DSM 20456 after 48 h
fermentation and Lactobacillus plantarum TISTR 875 and Lactobacillus acidophilus TISTR 1034
after 24 h fermentation.

“* The same letters under the same column indicate no significant differences (p>0.05).
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Table 19. Growth of probiotic bacteria* in the batch culture fermentation supplemented with the

optimized prebiotics formulation

B. bifidum L. plantarum L. acidophilus
Increased Increased Increased
Formulation  DSM 20456 TISTR 875 TISTR 1034
number number number

Oh 48 h Oh 24 h Oh 24 h
6.58 7.54 6.59  8.65 6.83 8.44

Optimized** \ . 096 . . 2.06 \ , Ll
+0.09 £0.07 +0.14 +£0.07 +0.03 £0.04
6.63 7.75 6.63 8.67 6.82 8.67

Glucose \ \ 1.12 . X 2.04 \ \ 1.85
+0.03° £0.10 +0.09° £0.07 +0.03° £0.06

* Values are mean log CFU/ml £ S.D. for Bifidobacterium bifidum DSM 20456 at 48 h
fermentation and Lactobacillus plantarum TISTR 875 and Lactobacillus acidophilus TISTR 1034
at 24 h fermentation.

** Optimized prebiotics formulations (11%lI, 62%GOS, 27%IMO).

* The same letters under the same column indicate no significant differences (p>0.05).
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Table 20. Chemical and physical properties of mocked-up and prebiotic supplemented soybean

milk (per 100 g)

Prebiotic supplemented
Mocked-up soybean milk*

soybean milk*

b

Protein (NX6.25) (%) 3.18+ 0.03" 272+ 0.02
Fat (%) 1.52+ 0.02° 122+ 0.07°
Carbohydrates (%) 7.83 12.04
Ash (%) 0.73 + 0.03" 0.67 + 0.04"
Fibre (%) 0.05+ 0.07° 0.05+ 0.09°
Total soluble solid (°Brix) 13+0 17+0
Total solid content (%) 1326+ 0.01° 16.65+ 0.01°
Viscosity (cP) 15.17 £ 0.06" 17.37 £ 0.06°
Color CIE L’ value 86.88 +0.01° 85.05+0.07"
a value 0.91 +0.05" 1.98 +0.08"
b value 16.82 +0.02" 16.90 + 0.05"
Isoflavone** (mg/100ml) 13.26 16.65

* Mean = SD of triplicate determinations.

** Total isoflavone = glycitin + genistin + daidzein + glycitein + genistein.

“® The same letters under the same row indicate no significant differences (p>0.05).
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Table 21. Average scores™ of mocked-up soybean milk, prebiotic supplemented soybean milk and

prebiotic supplemented soybean milk with reduced sugar

Appearance Flavor Texture Aftertaste
Treatment Beany
Color  Thickness Sweetness  Viscosity Sweetness
flavor
Mocked-up 8.10" 3.90" 3.00° 5.70° 2.55° 4.40°

Prebiotics with ~ 7.90 4.00 2.80 8.90 3.70 7.20
5% sugar
Prebiotics with ~ 8.15° 3.75° 3.10° 580" 2.70° 4.50"

2.6% sugar

* Scale = 15 cm, 1.25 = weak, 13.75 = strong.

* The same letters under the same column indicate no significant differences (p>0.05).
Mocked-up = Mocked-up soybean milk (5% sugar).

Prebiotics with 5% sugar = Prebiotic supplemented soybean milk added with 5% sugar.

Prebiotics with 2.6% sugar = Prebiotic supplemented soybean milk with reduced sugar to 2.6%.
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Table 22. Physical properties of prebiotic supplemented soybean milk and control soybean milk

(no containing carrageenan)

Prebiotic supplemented soybean milk*  Control soybean milk*

Total soluble solid (°Brix) 17+0 17+0
Total solid content (%) 16.65+ 0.01° 16.65+ 0.00°
pH 6.62 + 0.00" 6.62+ 0.01°
Viscosity (cP) 19.67 + 0.06" 19.17 + 0.06"
Color CIE L’ value 84.58 +0.05" 84.88 + 0.06'
a value 0.34 £ 0.04" 0.08 = 0.08"
b value 18.59 +0.02° 18.83 +0.02°

* Means =+ standard deviations of triplicate determinations.

*® The same letters under the same row indicate no significant differences (p>0.05).
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Table 23. Suspension stability* of prebiotic supplemented soybean milk and control soybean milk

(no containing carrageenan) at 1°C for 28 days quiescent storage

Separation index Suspension stability index
Prebiotic Prebiotic
Day Control soybean Control soybean
supplemented supplemented
milk milk

soybean milk soybean milk
7 days 1.00 +0.00 0.99 +0.01 1.00 £ 0.00 1.00 £0.00
14 days 1.00 +0.00 0.99 +0.01 1.00 £ 0.01 1.00£0.01
21 days 1.00 £+ 0.00 0.99 £+ 0.00 0.99 +£0.01 0.99 £0.01
28 days 1.00 £ 0.00 0.99 +0.00 0.99 £0.00 0.98 £0.01

* Means =+ standard deviations of triplicate determinations.
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Table 24. Liking scores* of prebiotic supplemented soybean milk which stored at 1 °C for 30

days.
Attributes
Day
Appearance Color Beany flavor Overall
0 7.55+1.00° 7.58+0.77" 8.02+0.59" 7.88 £0.69°
5 7.20+0.96" 7.30+0.95" 7.87+0.63" 7.87+0.63"
10 7.57+0.73" 7.63+0.72" 7.87£0.63" 7.70 +0.53"
15 7.60 +0.62" 7.53+0.57" 7.65+0.66" 7.68 +0.59"
20 7.43+0.77" 7.33+0.88" 7.62+0.72" 7.50 + 0.68"
25 7.60+0.89° 7.63+£0.72° 7.03+1.00" 727+0.69"
30 7.20+0.92" 730+ 1.06" 6.03 +1.38° 6.37+1.22°

*Values are the means = SD from 30 panelists, Different superscripts in the same column indicate

significant differences (p<0.05).
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Table 25. Demographic and socioeconomic characteristics of elderly consumer for consumer test

of prebiotic supplemented soybean milk

Consumer Frequency (%)

Demographic
Total (N=200)

Sex

Male 14.5

Female 85.5
Age

60 — 64 years old 46.5

65 — 69 years old 21.0

70 — 74 years old 15.0

75 — 179 years old 14.0

Over 80 years old 3.5
Status

Single 9.0

Married 56.0

Widowed 31.5

Divorced 3.5
Education

Less than primary school 8.5

Primary school 32.0

Junior high school 14.0

Senior high school 15.5

Diploma 10.0

Bachelor degree 18.5

Master degree 1.0

Doctorate 0.5




Table 25. (Continued)

Consumer Frequency (%)

Demographics
Total (N=200)
Career
Pensioners 19.0
Government enterprise officials 2.0
Company officials 1.0
Housewife 57.0
Own business/Private sectors 18.0
Employee 2.5
Gardener / Farmer 0.5
Income
Under 5,000 baht 31.5
5,001 — 10,000 baht 26.0
10,001 — 15,000 baht 14.0
15,001 — 20,000 baht 10.0
20,001 — 25,000 baht 4.0
Over 25,000 baht 14.5
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Table 26. Soybean milk buying and consuming behavior of elderly consumer

Consumer responding (%)
Questions
Total (N=200)

1. How do you like the soybean milk?

Like extremely 17.0
Like very much 34.0
Like moderately 41.5
Like slightly 5.0
Dislike 2.5

2. How often do you drink the soybean milk?

Everyday 22.5
5-6 times/week 15.0
3-4 times/week 47.0
Less than 3 times/week 15.5

3. What type of the soybean milk do you like?

Hot 60.0
Cold 17.5
Both types 22.5

4. What time do you usually drink the soybean milk? (you can choose more than 1 answer)

Morning 62.5
Late morning 11.0
Afternoon 15.0
Evening 19.5

Night 28.5




Table 26. (Continued)

Consumer responding (%)

Questions
Total (N=200)

5. Which circumstance do you drink soybean milk? (you can choose more than 1 answer)

Normal meal (e.g. breakfast) 21.0
Light meal 42.5
Drinks 39.5

6. Who buy the soybean milk for you? (you can choose more than 1 answer)

One’s self 73.5
Son / Daughter / Descendant 36.5
Others 2.0

7. Where do you buy the soybean milk? (you can choose more than 1 answer)

Supermarket (e.g. Tesco Lotus, Carrefour) 36.5
Convenient store (e.g. 7-eleven) 17.5
Grocery store 9.5
Local market 63.5
Others 0.5

8. What kind of the soybean milk do you drink? (you can choose more than 1 answer)

UHT carton boxes 41.0
UHT glass bottle 9.5
Pasteurization (plastic bottle) 3.0
Ready-to-drink (local market vender) 58.5

Powder 1.0




Table 26. (Continued)

Consumer responding (%)
Questions
Total (N=200)

9. What is soybean milk brand name which you buy? (you can choose more than 1 answer)

D-NA 26.5
Lactasoy 12.0
Vitamilk 19.5
V-soy 1.5
Local market vender 53.5
Others 0.5
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Table 27. The importance ranking score for buying reasons of soybean milk

Rank sum*
Reason
Total (N=200)

Taste and soybean concentration 586 (2.93d)
Hygiene 540 (2.70%)
Availability 882 (4.41°)
Freshness 881 (4.41°)
Nutrition value and Healthfulness 504 (2.52°)
Price 1160 (5.80")
Ease for storage / Shelf-life 1046 (5.23b)

* Number in parenthesis refers to average rank score.
The value are based on a 7 rank scale (1 = the most important and 7 = the least important).

“* The same letters under the same column indicate no significant differences (p>0.05).
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Table 28. Liking score of prebiotic supplemented soybean milk

Consumer frequency (%) Average
Attribute/
Dislike Dislike very  Dislike Dislike  Neither like  Like Like Like very Like liking
Demographic
extremely much moderately  slightly nor dislike  slightly moderately much extremely score*
Total consumer
Color 0 0 1.5 0 2.5 7.5 38.5 38.0 12.0 7.44 +1.04
Beany flavor 0 0 0 1.4 3.0 10.0 38.0 335 14.0 7.41 £1.04
Sweetness 0 0 1.0 0.5 3.5 9.5 39.0 29.5 17.0 7.42 +1.12
Viscosity 0 0 0 0.5 1.0 10.0 43.0 31.0 14.5 7.46 +0.93
Overall liking 0 0 0.5 0.5 3.0 8.0 45.5 29.5 13.0 7.38 +1.00

*Values are the means + SD of 200 consumer responses. 1 = dislike extremely and 9 = like extremely.
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Table 29. Consumer purchase intent of the prebiotic supplemented soybean milk

Consumer responding (%)

Consumer Definitely Rather  Possible  Probably Maybe/ Probably  Possible

Rather Definitely

Parameter Average
(%) would not would wouldnot wouldnnot Maybe would would would would .
buy not buy buy buy not buy buy buy buy buy o
Total consumer
Before** 100 3.5 1.0 0.5 7.0 9.0 21.5 16.5 9.0 32.0 6.84 +2.04
After** 100 0 0.5 0 2.0 3.5 12.5 14 12.5 55.0 7.94+1.42

* The values are means + SD of 200 consumer responses. 1 = definitely would not buy and 9 = definitely would buy.

** Before and after consumers had been informed about product health benefit.
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Appendix Table C4. ANOVA for Mixture Quadratic Model

p-value
Response Source Sum of Squares df Mean Square F Value
Prob > F
Bb Model 0.059 5 0.012 43.17 < 0.0001 significant

Linear Mixture 0.042 2 0.021 75.65 < 0.0001
AB 7.872E-003 1 7.872E-003 28.66 0.0011
AC 8.142E-003 1 8.142E-003 29.64 0.0010
BC 1.718E-007 1 1.718E-007 6.253E-004 0.9807

Residual 1.923E-003 7 2.747E-004
Lack of Fit 1.758E-003 4 4.396E-004 8.02 0.0593 not significant
Pure Error 1.645E-004 3 5.483E-005

Cor Total 0.061 12

Bb = Bifidobacteria bifidum DSM 20456, Lp = Lactobacillus plantarum TISTR 875, La = Lactobacillus acidophilus TISTR 1034.

A =Inulin, B = Galacto-oligosaccharides, C = Isomalto-oligosaccharides.
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Appendix Table C4. (Continued)

p-value
Response Source Sum of Squares df Mean Square F Value
Prob > F
Lp Model 0.026 5 5.222E-003 28.46 0.0002 significant

Linear Mixture 0.024 2 0.012 66.29 < 0.0001
AB 9.849E-004 1 9.849E-004 5.37 0.0537
AC 2.587E-004 1 2.587E-004 1.41 0.2738
BC 2.751E-004 1 2.751E-004 1.50 0.2604

Residual 1.285E-003 7 1.835E-004
Lack of Fit 1.172E-003 4 2.930E-004 7.81 0.0614 not significant
Pure Error 1.125E-004 3 3.750E-005

Cor Total 0.027 12
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Appendix Table C4. (Continued)

p-value
Response Source Sum of Squares df Mean Square F Value
Prob > F
La Model 0.19 5 0.039 64.16 < 0.0001 significant

Linear Mixture 0.17 2 0.087 143.95 < 0.0001
AB 0.012 1 0.012 19.77 0.0030
AC 5.469E-003 1 5.469E-003 9.06 0.0196
BC 1.973E-004 1 1.973E-004 0.33 0.5853

Residual 4.223E-003 7 6.033E-004
Lack of Fit 2.645E-003 4 6.613E-004 1.26 0.4430 not significant
Pure Error 1.578E-003 3 5.260E-004

Cor Total 0.20 12
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(Triangle Test)

Appendix Table E1. The soybean milk samples for screening of assessors using Triangle Test

Ingredients (%)*
Times Sets of sample Samples
Sugar K-carrageenan

1 S1 A 5 0.015
B 5 0.030

S2 A 5 0.015

B 7 0.015

S3 A 5 0.015

B 5.75 0.015

2 S1 A 5 0.015
B 6.5 0.015

S2 A 5 0.015

B 5 0.040

S3 A 5 0.015

B 5 0.030

3 S1 A 5 0.025
B 7 0.025

S2 A 5 0.025

B 5.75 0.025

S3 A 5 0.025

B 5 0.045

* The contents of salt, potassium citrate and Tri-calcium phosphate are 0.05, 0.3 and 0.1,

respectively for all of samples.



Appendix Table E1. (Continued)

Ingredients (%)*

Times Groups of sample Samples
Sugar K-carrageenan

4 S1 A 5 0.025
B 6.5 0.025

S2 A 5 0.025

B 5 0.100

S3 A 5 0.025

B 5 0.080

5 S1 A 5 0.025
B 6 0.025

S2 A 5 0.015

B 5 0.035

S3 A 5 0.015

B 5 0.025

6 S1 A 5 0.025
B 6 0.025

S2 A 5 0.015

B 5 0.045

S3 A 5 0.015

B 5 0.025
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Appendix Table E4. The balance order and carry-over effects design for 13 treatments with 52

replicates in 2 balanced blocks of 26 consumers
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Appendix Table E4. (Continued)
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