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Abstract

The oligosaccharide metabolism in soymilk was investigated by mixed culture with Lactobacillus
acidophilus and Saccharomyces uvarum. When Saccharomyces uvarum was cultured in soywhey, change
of oligosaccharide could be shown apparently. However, Lactobacillus acidophilus could not utilize oligo-
saccharide in soywhey for growth and lactic acid production. During the fermentation of mixed culture
with Lactobacillus acidophilus and Saccharomyces uvarum, Saccaharomyces uvarum was supposed to
convert oligosaccharide to monosaccharide first and then Lactobacillus acidophilus to convert these

produced monosaccharide to lactic acid.
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Fig. 1. Structure of stachyose
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MO ALgST.
= Mz =FHED

S, soywheyel 4l Wl ekl 10 miol el
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Table i. Effect of sugar addition on acid production
by single and mixed culture in soymilk

S. uwvarum L. acidophilus .
Sugar  gpce 3021 KRCC 12731  Mixed culture
Control 2.1 0.7 4.2
Glucose 4.2 9.5 11.8
Fructose 2.8 9.0 105
Maltose 2.2 6.2 7.2
Lactose 25 9.2 9.3
Sucrose 3.9 24 10.3

30), detector= IR detector R401& A}-g&3}ict
A o ag

MM O)X|= el Ads
HFFol M L acidophilus7} ©)-8-3tofo}t & ©ho 2 A
+ sucrose, melibiose, raffinose, stachyose®} 72 oli-
gosaccharide7} tji-Fo|ct M B4 B 1§ Hle} o]
98 ) F-8-Z L acidophilus 2 35 wj et ARt g
Ak Aol 7o) glodrh ol= L. acidophilus7t ol5FFroll
EAshe S A o] &3] XFE BHelFdch 2 A
ol A= diFfoll dei7}A] FE 2%(w/v) H7}ste]
A4S 71 &g A7 Table 1o Yebdl A3t 7o) glu-
cose, fructose, maltose, lactoseS 5o *7}slo] L.
acidophilus V% R S, wvarum¥+2) EFaF Az o
St o 2% F2 AMAS Hodth ol tiFRuks
chEufofate] e ARk viwd o TRl &
AMebe G ol &5k Esht L oacidophilus7t ©)-&-%
Abe gabs o) gste] wa S

S. cremoris, S. lactts subsp. diacetylactis, L. caset, L. hel-
veticus & ool A1 wika w glucose, lactose, whey
powerg #H7psbwl 4be} AjAfo]l Zrislri Angeles,
Mital'#* 2] ¥ e} ol x|stedct. L acidophilus ©H5 2 2+
sucrose s whedirel gre] b o] &-3}x] Fate] ALYk
o] vt S wvarum} Eulokstdl ol wgRet
Pt FEY e Bk olef e A suc-
roses A 7}sto] E gkl okabd S, uvarumol 98] A suc-
rose”} galactose} fructose2 #-sl=le] o}& L. acido-
philus7} HAbdE | o] g8l HAog AZEch o] ¢
e Aakg ghelst] $lsked MRS brothell ol
EA s oligosaccharide s H7bste] A& ZHES]
sick.

A 5f-E ikt o] 437 e dFfol &
2 8= sucrose, melibiose, raffinose, stachyose2} 7&
oligosaccharide®] o]&o] HpHolvd o] 5 YA in-
vertase, melibiase, galactosidase 2] f.4:%}8-0] glojolut
g}

F&7) obyl Al Al A L. acidophilus$} S. uva-
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Table 2. Effect of sugar addition on acid production by single and mixed culture in MRS broth

Acidity (m/ 0.1 N NaOH/10 m/ culture)

Organism

Glucose Galactose

Fructose

Sucrose Melibiose Raffinose None?*

L. acidophilus KFCC 12731 17.8 16.8
S. uvarum KFCC 32021 0.6 0.4
Mixed culture 154 14.2

18.8 24 0 0 0
0.8 16 0.1 0.2 04
15.8 11.0 0 4.6 0

awithout sugar in MRS broth

rum®] & o] 8-A& dolr ] flsled MRS brothF glu-
cose o} 2ol ojeizhA| Fg 2%(w/v) A7kt S. uva-
rum-E 30C, L. acidophilus®) @5 2 &E3hjeke 37C,
48417k vl ok & ABAE 24% A3 Table 20 Yehd
ule} 7+o] glucose, galactose, fructose?) W-FE #
Vel e W L. acidophilus®] F5aFtoRn e
AR A Badoh ey TRl el EAEa e
2ql sucrosed H7yslo] L acidophilus 5w ¥ S
= AR Ale] A vielyko v melibiose, raffinoseg
Hrpsbd As AbgAde]l dlelhvlA] skt oleh
A= L acidophilus7} 5ol &2 k= oligosaccha-
rideE #3& F e £xe Ao WY de A
oz Azt 2elY L acidophilus$t S, wvarum-S
b} 72} oligosaccharide”} % 7}% MRS brothel] 4wl
g Ax 2 AAE Bl

Sucrose”} "7Vl A L. acidophilus =H5wl oFoll 1=
AbAde) wgko vt S uvarumt ERWAUS A 4
A dFFE 1S weof b ke
7k BojFgdc). 53] raffinose”t 742 A5 L. acido-
philus FEWFo 2 AE APl gl Edhwl
oFabw Ak Aol FA| F7hEASE Bk ol= L ac-
dophilus= HEufekoll A sucrosed FHAibdEo| TH
o} 43l melibiose, raffinoset= %18 ol&akx] £3}9d
o} Eulekstd S wvarumel 284 sucrose, raffi-
nose’} 4k WA E Pale= o YrErh

o

Soywhey?2| bij2tof W2 EHHS}

S. uvarume] Table 1, 2o} ®ojZF3=o] sucrosed 7}
4328 8l= invertase, melibioseS 383+ melibiase
72]3  raffinose, stachyose #22]  a-galactosidic
bond& 7}5E-#l3ls  o-galactosidase EAdo] olchd
stachyose, raffinose, melibiose, sucrosex $tA3] 7}
Basje] galactose, glucose, fructose®} 22 wdHE
f2]A Aoz Yziwlo] o] 5 #Helsr] fste] soy-
wheyell L. acidophilus, S. uwvarum-3 &= % Egoh
sled wlj kA 7bel wre} soywheyel =h#3lE HPLCEA
A shedich

Fig. 2= ¥ %%x¢] HPLC chromatogramo & o5
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Fig. 2. HPLC chromatogram of sugars in standard so-
lution

Retention time(min) Sugar
a 3.32 monosaccharide
(glucose + galactose)
b 3.81 sucrose
c 4.61 melibiose
d 5.12 raffinose
e 7.07 stachyose

Fig. 30 vjebhd wke} 7o) soywhey Follv vizke] =
=+2(glucose, galactose, fructose)®} thaFe] sucrose,
stachyose, raffinose7} 351 it L. acidophilusE
soywheyol| 4] 8417}, 16417} wl|oFsle] HAgk 2} o
gko] whakfuke o] 23l9& ¥ oligosaccharide 3
o) g5}z Hatedch. 28y} S wwarum S wfokEtel F
A sted 2 A3} Fig. 4ol 4 B 4 9le] 12212747 B
oke] sucrose, melibiose, raffinose’} wf= &35
913 stachyosek® of7} R-sfxle] whwdet manninot-
riose”} HAFE AL HAFATh 16, 204 7F vl ol A
= sucrosels BF HelEow stachyosek ol ¥
s} =) manninotriose’} ol A=t ol S wva-
rumo) surose, raffinose, stachyose ¥xhH¢] fructose
AdHa,p- 1248 & 7F5Rsl sk invertase @Ado] 74

5} melibose S & 3}= melibiase &4 % sivh= A&
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Fig. 3. HPLC chromatogram of free sugars in fermented soywhey by L. acidophilus
control; soywhey
A; fermented soywhey for 8 hrs
B; fermented soywhey for 16 hrs
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Fig. 4. HPLC chromatogram of free sugars in fermented soywhey by S. uvarum
A: fermented soywhey for 8 hrs
B: fermented soywhey for 12 hrs
C: fermented soywhey for 16 hrs
D: fermented soywhey for 20 hrs
Byt o] dAstA Z7bshA =k 204]7F vl foll A& raf-
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Fig. 5. HPLC chromatogram of free sugars in fermen-
ted soywhey by mixed culture of S. uvarum and L. aci-
dophilus

A: fermented soywhey for 4 hrs

B: fermented soywhey for 8 hrs

C: fermented soywhey for 16 hrs

D: fermented soywhey for 20 hrs

Lo
rE
o
i3
"

AR Ade] ARZ R L acidophilus 7}

+ = sucrose, raffinose, stachyose -9

5 o] &3lx] Fsteix|ub o]2{dt oligosaccharide &

5 st e S uvarumi—k ook o2y

wvarumol] 2l A Fal= w3 F5 L acidophilus 7}
&

kAL sivhi= 7S ";1 T dsleh

2] oligosaccharide s ¥8l&d = sl S wva-
rum< o]&sto] L aczdophtlm% Eguts sk

Fefate] Arzates Eg Ast Rl glucose,
fructose, galactose —‘2-9—] E} & Avhste] L acidophi-
Ius FEwjoktoRy 2 Y-S HoFglon &

i

guloke) A wwFE & o)gstedr}. Sucroset
A= wi R el A9 L. acidophilus 2} <HE-ul ool = 4
Ag/&o] kol o} Qsl}jﬂolo EyE - ufi= ohiE L}L}du}a

b=l wjfAlZbel wE soywheyd HHIE A
&g A3} L acidophilus 9] ol = sty 79 ¢l
Qo} S uvarum sucrose, stachyose, raffinose2} 7
2 oligosaccharide & #3383 3o} &3l % oligosa-
ccharide2 58] a9 4375 L acidophilus7} R At
i o]&sle AR AZE )

=2
= )

1. Bressani, R. and L.G. Elias: Processed vegetable pro-
tein mixtures for human consumption in developing
countries. Advances in Food Research, 16, 1(1968)

2. Mital, BK. and K.H. Steinkraus: Flavor acceptibility
of unfermented and lactic fermented soymilks. J. Milk
Food Technol, 39, 342(1976)

3. Mital, BK. and K.H. Steinkraus: Utilization of oligosa-
ccharides by lactic acid bacteria during fermentation
of soymilk. /. Food Sci, 40, 114(1975)

4. Mital, BK. and K.H. Steinkraus: Fermentation of soy-
milk by lactic acid bacteria. J. Food Protection, 42,
895(1979)

5. Wang, HL., K. Kraidie and C.W. Hesseltine: Lactic
acid fermentation of soybean milk. /. Milk Food Tech-
nol, 37, 71(1974)

6. Printhong, R., R. Macrae and J. Rothwell: The develo-
pment of a soya-based yoghurt: Acid production by
lactic acid bacteria. J. Food Technol, 15, 647(1980)

. Mital, BK.: Fermentation of soymilk oligosaccharides
by lactic acid bacteria. Diss. Abst. Intern., B35, 880
(1974)

8. Kanda, H,, H.L. Wang, C.W. Hesseltine and K. War-

ner: Yoghurt production by Lactobacillus fermentation
of soybean milk. Process Biochem., 11(4), 23(1976)

9. Angeles, AE. and EH. Marth: Growth and activity
of lactic acid bacteria in soymilk. /. Milk Food Technol.,
34, 30(1971)

10. Kawamura, S. and M. Toda: Review of PL480 work
on lactic acid bacteria in soymilk. Tech. Bull. Fac. Agr.,
Kagawa Univ,, Japan, 18, 138(1967)

11. Matsuoka, H., K. Sasago and M. Sekiguchi: Manufac-
turing of a cheese-like product from soybean milk.
Food Sci. Technol. (Tokyo), 15, 103(1968)

12. Mital, B.K. and K.H. Steinkraus: Growth of lactic acid
bacteria in soymilks. J Food Sci, 39. 1018(1974)
13. Park, CK, LD. Lew and J.H. Yu: Effect of peptide
on the mixed fermentation of Lactobacillus helveticus
YM-1 and Streptococcus lactis ML3 in skim milk. Ko-

rean J. Appl. Microbiol. Bioeng., 14, 487(1986)

14. Yoon, S.S., CK. Park and J.H. Yu: Interaction of Lac-
tobacillus helveticus YM-1 and Streptococcus lactis MLy
on the sugar fermentation in sovmilk. Korean J. Food
Sei. Technol.. 19, 42(1986)

15. Yoon, S.S., CK. Park and J.H. Yu: Studies on the
mixed culture of Lactobacillus helveticus and Streptoco-
ccus thermophilus in milk-growth characteristics and
culture conditions for the mixed culture. Korean J.
Appl. Microbial. Bioeng, 13, 151(1985)

16. Yoon, S.S. and J.H. Yu: Identification of growth stimu-
latory compound in the mixed culture of Lactobacillus

-3



17.

18.

19.

ik Eghlekel A% A+

helveticus YM-1 and Streptococcus thermophilus CH-1
in milk. Korean J. Food Sci. Technol, 18, 492(1986)
Yy, JH, LD. Lew, CK. Park and LS. Kong: Lactic
acid fermentation of soymilk by mixed culture of Lac-
tobacillus acidophilus and Kluyveromyces fragilis. Ko-
rean J. Appl. Microbiol. Bioeng, 15, 162(1987)
Kong, IS, J.S. Lee, Y.J. Chung LD. Lew, D.H. Oh
and J.H. Yu: Lactic acid fermentation of soymilk by
mixed cultures of Lactobacillus acidophilus and Sac-
charomyces uvarum. Korean ]. Food Sci. Technol, 19,
355(1987)

Lew, LD, JH. Yu CK. Park and LS. Kong: Lactic
acid fermentation of soymilk by mixed cultures of
Lactobacillus bulgaricus and Kluyveromyces fragilis. Ko-
rean J. Food Sci. Technol, 19, 263(1987)

20.

21.

22.

23.

WE 591

Yu, J.H., D.H. Oh, LS. Kong, Y.S. Park and H.C. Lim:
Study on mixed cultures of Lactobacillus acidophilus
and Saccharomyces cerevisiae in soymilk. Korean J.
Appl. Microbiol. Bioeng, 16, 131(1988)

wBhEL, Pk 8iEE B B ARTER ®RID #
RE p446(1975)

Lew, LD.: Mixed culture of Lactobacillus and Kluyve-
romyces fragilis KFCC 35458 in soymilk. Ph.D. Thesis,
Yonsei University, Korea (1987)

Mital, B.K., Singh, R. and Singh, S.: Effect of carbohy-
drates and phosphates on acid production by lactic
acid bacteria in soymilk. J Food Sci. Technol, 14, 182
1977

(1992 109 129 A5)



