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Abstract

This study was carried out to investigate the oligosaccharide and amino aicd utilization by mixed cultures
during soy yogurt fermentation. Three types soy yogurt were prepared by fermenting with Lactobacillus
acidophilus and Streptococcus thermophilus, Streptococcus thermophilus and Saccharomyces uvarum,
Lactobacillus acidophilus and Saccharomyces uvarum. The utilized amount of oligosaccharide and amino
acid was determined by HPLC during the fermentation period. The oligosaccharide and amino acid utilization
efficiency of S. thermophilus and Sac. uvarum was greater than the other mixed cultures. It was found that
Sac. uvarum produced enzymes which can convert oligosaccharide and common sugars in soy milk into
glucose, galactose and fructose which can be fermented by L. acidophilus and S. thermophilus, and in turn
stimulated acid production and amino aicd utilization of the latter.
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Table 1. Instrument and operating conditions of
HPLC for the analysis of sugars

* Instrument Hewlett Packard 1100 system (U.S.A.)
¢ Detector RID (Hewlett Packard, U.S.A.)
+ Column Sugar-Pak™1, 6.5% 300 mm
(Waters, U.S.A)
* Mobile Phase Water
« Oven Temp. 80°C
« Flow Rate 0.5 ml/min

* Injection Vol. 20 uL
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Table 2. Instrument and operating conditions of HPLC for the analysis of free amino acids

« Instrument

Alliance M2690XE system (Waters, U.S.A.)

* Detector Fluorscence (5 pL cell Vol), Ex: 250 nm, Em: 390 nm

+ Column AQC-TagCis, 3.9 150 mm (Waters, U.S.A.)

* Mobile Phase A: AQC-Tag eluent concentrate A, 100 mL: water, 900 mL (v/v)

» Oven Temp. B: 60% acetonitrile (v/v)

« Flow Rate 37°C

* Injection Vol. 1 mL/min

5uL
A
Time (min.) Flow Rate %
B Initial

1 100 0 0.50
1 98 2 15.00
1 93 7 19.00

* Gradient Table 1 90 10 32.00
1 67 33 33.00
1 67 33 34.00
1 0 100 37.00
1 0 100 38.00
1 100 0 40.00
1 100 0
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Fig. 1. Changes of pH in soy yogurt inoculated with
different mixed culture.
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Fig. 2. Changes of titratable acidity in soy yoguri
inoculated with different mixed culture.
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Fig. 3. Growth of Lactobacillus acidophilus in soy yogurt Fig. 4. Growth of Saccharomyces uvarum in soy yogurt
inoculated with mixed culture during fermentation at inoculated with mixed culture during fermentation at

3TC. 37T°C.
Table 3. Changes of sugar concentration in soy yogurt fermented with different mixed culture (mg/100 mL)
Treatment Time Sugars
(hrs) stachyose raffinose sucrose glucose galactose fructose

0 351 113 434 61 0 57

AD 4 324 107 273 89 5.3 45

8 329 98 247 67 7.8 52

12 263 101 208 54 5.1 64

0 355 102 411 72 0 62

B? 4 204 84 247 63 6.9 62

8 192 90 217 78 4.7 78

12 168 109 186 53 4.9 67

0 347 112 421 66 0 61

e 4 262 83 277 77 7.3 45

8 215 105 245 85 5.8 62

12 165 102 210 69 5.3 67

UInoculated with L. acidophilus and S. thermophilus.
“Inoculated with S. thermophilus and Sac. uvarum.
“Inoculated with L. acidophilus and Sac. uvarum.
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Fig. 5. HPLC chromatograms of various sugar in soy yogurt fermented with S. thermophilus and Sac. uvarum.
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Table 4. Changes of free amino acid concentration in soy yogurt fermented with mixed different culture (ug/mL)
Ax) Bz) CB)
Amino Time (hrs) Time (hrs) Time (hrs)
0 4 8 0 4 8 0 4 8
Asp 12.08 1.48 1.69 15.44 0.90 1.40 12.95 1.26 1.33
Ser 4.67 3.00 1.70 4.80 211 1.03 4.76 1.91 1.21
Glu 18.99 9.92 14.46 22.76 8.52 4.14 21.99 7.02 6.88
Gly 2.25 0.22 0.40 2.03 0.27 0.31 2.20 0.27 0.25
His 2.79 4.95 6.74 2.40 4.10 5.67 2.82 4.80 5.04
Arg 31.34 34.15 38.17 29.54 35.97 36.92 32.30 34.51 34.34
Thr 1.20 0.62 0.58 1.33 0.68 0.55 1.27 0.75 0.60
Ala 5.70 6.21 2.23 6.43 6.04 1.99 6.12 5.14 1.88
Pro 1.20 1.80 2.49 1.10 2.02 2.50 1.23 2.04 3.34
Tyr 1.64 0.31 0.38 1.45 0.57 0.26 2.72 0.37 0.40
Val 1.92 0.08 0.13 1.83 0.09 0.19 1.80 0.12 0.22
Met 0.98 0.70 0.57 0.79 0.46 0.27 0.92 0.35 0.55
Lys 2.20 0.69 0.67 2.73 0.96 0.56 2.53 0.36 0.63
Ile 1.41 0.41 0.40 1.40 0.42 0.41 142 041 0.46
Leu 1.58 0.09 0.10 1.59 0.14 0.10 1.63 0.07 0.17
Phe 2.83 0.57 0.33 2.59 0.09 0.26 3.93 0.42 0.32

"Inoculated with L. acidophilus and S. thermophilus.
PInoculated with S. thermophilus and Sac. uvarum.
*Inoculated with L. acidophilus and Sac. uvarum.
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Fig. 6. HPLC chromatograms of free amino acids in soy yogurt fermented with S. thermophilus and Sac. uvarum.

Egtufokel] o8l zh oAt o] 8-Ao) oS- 3AYE]
$17) WFa Ao AaHct?. =3} S. thermophilus
2} Sac. uvarum X L. acidophilus$} Sac. uvarum 2]
- Ser, Thr, Lys, llue, Leu Fo] FU3}A 0|45+
Aoz el o] olu| AL Sac. wvarumo] FE2
o] 83t Ao g A uF 5L Sy lactise} L.
helveticus?] EFHulekA] & F37} A& o2 ghuyal
T Eels-g 7R A Q) diEell EYuA F o
F71 A3 B3-S dte] AMAS 8ol 2ol
Hrha Barsled o] AY Ao} vpArIA R Awe}

o Eghujopo] WS Al £4E F AoE 1}
ehgte}.

2 <%

TE oy 4el84 24E hekn Ak A
o] M A A4¥A WA FFUols). 22}
S50 oA} daHY 0T sl 2} ARbe 2
glel olF FHEr] AW ALl YBOT EFHA
27 R ALYV W WA ol 44 o



EFFFE ol 4% UFH dae w7 2 fefoirlxAte] W3} 745

oin| At WHELE A sle] ) F-{l] FHet oAl
o] 3Tl o8l o) -85 At ol WE Ak
A dsted AEsIgc). S thermophiluse} Sac.
warum=. WAF 2277} pH 4.45, AL % 0.862.2 Ak
Aol 7 il e, diFd 2 o]l 84S A
g 23} L. acidophilus®} S. thermophilus 2 T A¥ A
2] ) gel o] o] 84d0] ohE Az vl
Ik, Sac. wvarums} EPLER A 75| ol
HA0] & Aoz viehrl. oleldt A= Sac
uvarum=} Eghulorstel-& 49 Sac. uvarumo] A}
= 8ol oa diF AgFEe EaE J9dFE
A Eo] o] &3r] d ¥l Ao Az, 7t E4
#+70] opn| At o] 8ol gl X Sac. warum 2z
Egpdas Al fAEus E5RE ATl v
3] xj&2ql o}n] At o]-§-E Fo] o] FA vEiul o
ol AT AR M2 o A seEe) 5l
o|3 A5 Hebatg-ol 7]Q1g AL 2 Azt

2 #

1. Messina, M. and Bames, S.: The role of soy products in
reducing cancer risk. J. Nat. Cancer Inst, 83, 541-545
(1991)

2. Lee, S.Y.: Development of dairy analogs using soybean.
Korea Soybean Digest, 14, 1-11 (1997)

3. Cheng, Y.J., Thompson, L.D. and Brittin, H.C.: Sogurt,
a yogurt like soybean product: development and properties.
J. Food Sci., 55, 1178-1179 (1990)

4. Kong, 1S, Kong, 1Y. and Yu, LH.: Changes of
oligosaccharide in soy milk mixed cultures of Lactobacillus

10.

11.

12.

13.

. Lew, LD.

acidophilus and Saccharomyces uvarum. Korean J. Food
Sci. Technol, 24, 586-591 (1992)

. Yazici, F., Alvarez, V.B. and Hansen, P.M.T.: Fermentation

and properties of calcium-fortified soy milk yogurt. J. Food
Sci., 62, 457461 (1997)

. APHA.: Standard methods for the examination of dairy

products. 16th ed. American Public Health Assosiation,
Washington D.C. (1993)

. Lin, HJ.: Determination of amino acids by precolumn

derivatization with 6-aminoquinoly-N-hydroxysuccinimidy!
carbamate and HPLC with ultraviolet detection. J. Chro-
matogaphy A, 670, 59-66 (1994)

. Lee, S.Y., Morr, C.V. and Seo, A.: Comparison of milk-

based and soymilk-based yogurt. J. Food Sci,, 55, 532-
536 (1990)

and Yu, J.H.: Interaction between
Lactobacillus acidophilus and Kluyveromyces fragilis on
the metabolism of galacto-oligosaccharides in soy milk.
Kor. J. Appl. Microbiol. Bioeng., 15, 253-260 (1987)
Buono, N.A., Setser, C., Erickson, L.E. and Fung, Y.C.:
Soy milk yogurt; Sensory evaluation and chemical
measurement. J. Food Sci., §5, 528-531 (1990)

Yoon, S.S. and Yu, J.H.: Identification of growth sti-
mulatory compound in the mixed culture of Lactobacillus
helveticus YM-1 and Streptococcus thermophilus CH-1
in milk. Korean J. Food Sci. Technol, 18, 492-496 (1986)
Lew, 1.D., Park, CK. and Yu, J.H.: Interaction between
Lactobacillus acidophilus and Kluyveromyces fragilis on
the metabolism of amino acids in soymilk. Kor. J. Appl.
Microbiol. Bioeng., 16, 287-292 (1988)

Park, C.K., Lew, I.D. and Yu, J.H.: Effect of peptide on
the mixed fermentation of Lactobacillus helveticus YM-1
and Streptococcus lactis ML3 in skim milk. Kor. J.
Appl. Microbiol. Bioeng., 14, 487-493 (1986)

(19983 104 233 %)



