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A HWTEREEET Galacto-oligosaccharides f43HH . TUEERE S BB 4L S BB ~ L2218
EREERENS DR REARANSSES T ELS%E - MERERET  HAERERL
20% > KFEREREREES AR R 40C K& 8 ONPG/ml K - fEIUFE 4.5 /N /A @ FIIS8E
B _REVEE  ROBEM(LE > DL "C-NMR # & H/LB@ES R 0- 8-D-galactopyranosyl-
(1-3) -0- B-D-galactopyranosyl- (1—6) 0- 8-D-lactose (G,) K 0- 8-D-galactopyranosyl- (1—>
6) 0- 8-D-galactopyranosyl- (1—6) 0- 8-D- lactose (G,) - H [t —fEPUEEN S ZENS »
100C ZBET » K& 5 /N » REDEHNHE £ 37C ALBRARER/NE - G, & G, 735
B 16 K 13.7% KEAEWSE - I BENERIIAE » G, & G, ¥ S thermophilus YEFETERER
£ - 8% Lactobacillus B¢ —HER KT ERC EXARESE RIFZIBEBE -

AR - FFLEEEME - TUEER - B - (LEUE -

&

il

BESERREEE BB HRLIR  CHEERMT (5% » 1984 5 4% » 1981) » Greenberg
et al (1983) RHIFE (1982) s RIFEARREIIFZ 8- LAFETEHACETERENE S - A0t
RUARI G RAIRE Aspergillus oryzae Z B-¥IANETH » BA TR ZIFEEGHK galacto-
oligosaccharides » 1 EMESRE A — =B EMN{L 2545 B 3-0- 8-D-galactosyl-lactose } 6-0-
B -D-galactosyl-lactose (H » 1992) - i » HEBEHER » FIE & KA galacto-
oligosaccharides /Y » M&HBEUME N AREME - B (1985) #HH - REMEBNEXAEH
(bifidobacteria) BiH < BEE R = RIS - EE SOV HERE L =B =FHRFHE
EXIARERTIRE (RER) - &t K THRAESRZURAREEEEY - A LESHHL

(1) TBRERER ARG HERATAIEHRESE 1086 5 -
(2) TEbRERRGBEARFTEEMNTR -
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SIS - BESRIP EE IUREICRE ST » HOEE—S I8 » DRI R R ALEY B A
HEZB% - '

MEIERT7 %

I BB EGRIGIZHRE © 2% Huber ef al (1976) Z 5k » EITSEREG (RKIERE -
Bl - RERERERRES) R > SRUERAREE S S ek -

0. BEEECHEEREE - 255 (1992) KT « IRINZEBIKIRE 200 g ZVEMERT » BOBE
% FRERERR 8X55 cm ZHHERN - KEEEARRN  FEASCES FRER
TEMERR  MRLK 510~ 15 & 30% ERBAHREE » IEREREERYEE - £
DR Eims (& 1992) pEe -

. {LEEE E5E © 2% Bradbury and Jenkins (1984) &E (1989) ik » ¥4 EEkERI% Z 3t
FHAR D,0 7F 25 MH, Z 4T » L ®*C-NMR (BURKER AMX 400 FT-NMR) $4f -

V. ALERAZESERE | 22WE (1992) ¥ il 1% RERA TS (0.08 N HCL» 0.2
%NaCl) N » f& 37°C FLA Thin Layer Chromatography (TLC) K Gas Chromatography
(GC) (F » 1989) EHEHRIFEL, -

V. RZEVESER ISR 109% H pH 7 2 0.1 M Ml Ivaine $EEVRA  JIZAZE 100C #% -
BATLC K GC (3 » 1989) IR EATReBL, -

VI. AAREHIEBREE + 2% Okazaki er al (1990) Z¥: » TN BERSELS S 0.5% R PYF
HRE (pH 72> 2 ml) % - BEAE R ABER 003 ml 7 37C RERSUFRIRE
& 553 96 /NFF - DL pH EERFIERE -

FEREEETER

ABRLARTE R ER R 37°C - FLBEIREE 30% & 3 ONPG units/ml BESRIEE AT
ERE T NEBIRABEMEERE - WIERHEZ 253% £4 (¥ 1992) - HFi4E SR
Fo = MERARSRIKERER S 80 12 K 8% &4 (£1)  Hh BB LEHEE
AEHERS (350 1992)  (HEANR ABENARERY Wit - ARBHHREGEEEFERE - &
I RESKEGRAET » BEEEREE 25~21% 8 = - R ABEEEEENEE PRS2 ) -
EREREFAFRES AR 37C K 309 W » MINEREEHEHE R ERR - ATE= - UK
ARERY LG AR - (B2 AR R ERE R AR RIS 40°C F 20968 » 5B
HBEEZ Z MR S B E R - RS (1982) IEHEEREEE SRR IET - EIEHRD
ERRETRENART  SKEENRERG  E43BCE 2 HEERBREEYRE
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= BEBREEERERNE REF - BRE=RINEEEN & ZIAIEHARER L  FILARBRAE
BEGHRETY BRI S EIPIBM LR A 4 R EGRAREEBRGRE (R 1) -

K1 EFENREGETEIRE A oryzae 2 B-YANEERIFTE S RENES
Table 1. Comparison on the production of galacto-oligosaccharides by g -galactosidase from

A. oryzae under various reaction conditions

Temperature Substrate FEnzyme Reaction* Oligo- Tri- Tetra- Penta-
Treatment (ONPG time
(C) (%)  umits/ml) (k) (% of total sugar) (% of total oligo-)
1 37 30 3 7.0 25.3 80 12
2 37 30 8 30 27.1 84 10
3 40 20 3 9.5 25.2 72 18 10
4 40 20 8 4.5 26.5 65 27 8

* When reacted at 25~27% yield of oligosaccharides.

£2. G K GATFRERRKET LZR-13 BRHR(L2 %
Table 2. ®C-NMR chemical shifts* of the anomeric carbons® for G, and G,

. C-1
Oligosaccharide C-1%** C-1%* C-1*
a B
G, 106.72 105.64 105.32 94.54 98.65
G, 106.40 106.78 105.39 94.59 98.72

# ¢ Chemical shifts (ppm) from TSP-d4.

®: Umprimed numbers refer to reducing residue, primed numbers to next residue, etc.
G, ® 0- B-D-galactopyranosyl-(1—>3)-0- 3 -D-galactopyranosyl-(1—6)-0- 8-D-lactose.

G, ¢ 0- 8-D-galactopyranosyl-(1—>6)-0- 8 -D-galactopyranosyl-(1—6)-0- 5 -D-lactose.

1 RN FEREC BEAHTE > HILERTR  UEEETEEE 2 & (G, & G,) RIEEEA
TEHERENTE » LUK~ 510~ 15 & 30% ZERBBHIBEXREREEYEL » 7€ 309% EiEE LT
W% G R G /3 HUAEE - BB - G R G, RN BRI B I R ERs T LRSS
PEERFTRy 31 1 - BRI —EREETRER =S T2 LM R — D F 2 AR & R PURESE - B
BC-FTNMR JnEAS3Hf » Frf84 anomeric carbons Z{LE{7% (chemical shift) 1% 2 R &
T C-1 4h» Hfh={# anomeric carbons ¥J7F 105.32-106.72 ppm HEANELILIFES - K ETHE
D TACFAES T OBRE C-1%** « C-1** K C-1*LL 8- ANIEBERAME (Bradbury
and Jenkins » 1984) » H{R#EE (1989) K Bradbury & Jenkins (1984) & EIZREFHE L4(H k5%
& anomeric carbons Z LR » AIHEEH, 106.72 ~ 105.64 ppm K 106.40 ~ 106.78 ppm 4355
ZEARES FEELLB- (1>3) 8- (16) EA- (1>6)~ B- (1—6) ZHRMIENHAEES
TZALERALRS - T 94.54 ~ 98.65 R 94.59 ~ 98.72 ppm (Bl C-1 Z{LELIR%) FEBHEREN TE
TuE B ALBAR - Wl 0 G R G, ZEKRIRD TELFEREST - HEl LR - KRBT
EERCHEEE G K G, Z{L2#EEER G, 0- B-D-galactopyranosyl- (1->3) -0- B-D-
galactopyranosyl- (1—6) -0- 8 -D-lactose § G, : 0- 8 -D-galactopyranosyl- (1—>6) -0- 8 -D-
galactopyranosyl- (1->6) -0- 8-D- lactose (& 2) - [fiE 1. G, & G, & F HFTERNEE RS
PUmEDL b BEEAE - RIERE - ZEEUREE PRI RS LS -
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E 1. JRE A oryzae Z B-FHNEETE (8 ONPG units/ml) EFHEBNKERT - R 40CTK
F& 4.5 /)N BB AL B AHY TLC -
REAVSEE © ZBRZFE T BEER - k=211 {Hi¥& © 5% WRER-HEREW -
Fig. 1. TLC of the transgalactosylation products of lactose system by A. oryzae § -
galactosidase (8 ONPG units/ml) at 40°C for 4.5 hrs.
Developing solvent : ethyl acetate-acetic acid-water=2:1:1.

Detecting reagent : 5% sulfuric acid-methanol.

B2 GG bEH#EE -
Fig. 2. The chemical structures of G, and G,.
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LitfERER - HRE—IRC BER  EENREB R EEA%  TREEE R R A Bl
B& - Huber et al (1976) RUFAFRHIBELIER - MIARARZ RBBRETRL 6- (1-6) #E
K p- (1—3) #HEEBWMESHRET BRI » BEREB- (1-6) #5E  FIFRERAFELRR -
& BB RS M - Asp ef al (1980) KF (1989) ZHiFcthiBMEREH - AREFEARK
LBEEE (ZROEE) A FETRMREAMS T » BR A oryzae K - LI EEHHEATESE
RN WRENRE Kluyveromyces lactis (Asp et al, 1980) -~ S. thermophilus ( Greenberg
and Mahoney, 1983) RHEMAKIFERTFMER .2 E -

FIFTR G R GTE 100C B BEEN - 4£ 100CH » KFE 5 /NiSt: » G R G, RED &
DR ERHBRENEES - & 4 AIREATERAZCEE(LIER - ERFE 5 /R » G K G,
ZARERIFIE 16 R 13.7% /£ » B{EF stachyose K raffinose 7EFIEKFEIRIT T2 /iR
(W& > 1992) « EEZR R REHREED TR IEE B » FRSIN T BSIEREMEIRIET -
GEL(CERIIERE - EABREMIEMEAE A » Ztk S thermophilus ¥ G, & G, Z BEEIEREHER
A HEM MR Lactobacillus IBABEMFAEHAI SN AEEY G, & G, ZHBULHER
i WTERUREEE (R5) BR G R G RERE YA EERIABE RIFSEYE -

£3. G R G {E 100C F 2B E M ‘
Table 3. Heat stability of G, and G, at 100°C for 5 hours

Reaction time (hrs)

Oligosaccharide
0 1 3 )
Remaining %
G, 100 100 100 95.2
G, 100 100 100 97.1

G, * 0- B-D-galactopyranosyl-(1->3)-0- 3 -D-galactopyranosyl-(1—6)-0- 8 -D-lactose.
G, * 0- B-D-galactopyranosyl-(1—6)-0- 5 -D-galactopyranosyl-(1—6)-0- 8-D-lactose.

F4 GRGENNCIATLERACEES
Table 4. Stability of G,and G, in artificial gastric juice at 37°C for 5 hours

Reaction time (hrs)

Oligosaccharide
0 1 3 5
Remaining %
G, 100 98.5 88.5 84.0
G, 100 97.8 89.7 86.3

G, * 0- B-D-galactopyranosyl-(1->3)-0- 8 -D-galactopyranosyl-(1—>6)-0- 8 -D-lactose.
G, * 0- B-D-galactopyranosyl-(1->6)-0- 8 -D-galactopyranosyl-(1—6)-0- -D-lactose.
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®5. BFEIMEH G K G ZFAME

Table. 5. Utilization of G; and G, by various lactic acid bacteria

. Saccharide
Strain Gle Gal Lac G, G,
B. longum CCRC 11847 ++ ++ ++ ++ ++
14634 ++ ++ ++ ++ ++
14664 ++ ++- ++ ++ 4+
14605 ++ ++ ++ ++ ++
B. breve CCRC 11846 ++ + + ++ + -+ ++
14632 ++ -+ ++ ++ ++
B. bifidum CCRC 14146 ++ ++ ++ ++ ++
11844 ++ ++ 4+ ++ + +
L. bulgaricus CCRC 14009 ++ + + ++ + +
L. acidophilus CCRC 14072 ++ ++ ++ + + ++
S. thermophilus CCRC 14085 ++ ++ ++ — +
14086 ++ ++ ++ - —

Glc : Glucose Gal : Galactose Lac : Lactose

G, 0-B-D-galactopyranosyl-(1—>3)-0- 8 -D-galactopyranosyl-(1—6)-0- 8 -D-lactose.
G, 0-B-D-galactopyranosyl-(1-+6)-0- 8 -D-galactopyranosyl-(1—>6)-0- 8 -D-lactose.
++ :pH<5.0: + : pH 5.01~5.5; & : pH 5.51~6.0; — : pH>6.01.

G

G & G, FREARFEC B E SRR - S AAREH RIFZIBERE - BTl
HEEBRENSAALKGHERT  BUEREREERZEREE - 8 G & G ¥
Streptococcus BB Z AR EREE » FRGE - S HUE G EERREE TSm0
o DR ERRSR MR ER TR - :

W

5 3 Ik

2l

WEEHE - 1989 © Isoraffinose D& Z DFIFICH T 25 - AXFIKRLSLEEFNFASELH
e

B - 1992 © A. oryzae(3-galactosidase RILBE/KALETZENEE S £ 61 - SERS 25(2) 1 171
~179 -

HEHE - 1985 < 57 0 — 5 DRI BIT A1%E] - B4 1(4) © 32~40 -

HRERT » REZKT - BHsrB2 ~ A+EE 1982 77 MY LT 7~ ADBRAH
HAMNOFRICHT BW% (B—H) B-HF 7 by~ LI L B4 THOFESE - FE
FLRBIGHIFE R8s 78 1 19~26 -
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Abstract

The purpose of this study was to investigate the optimal synthesis conditions, chemical
structures and functional properties of tetrasaccharides, which belong to galacto-
oligosaccharides, for the future utilization in dairy or food industries. The results were
summarized as follows: Two tetrasaccharides had occurred when lactose concentration was
20%, reaction temperature and enzyme concentration were 40°C and 8 ONPG/ml,
respectively. When identified with *C-FTNMR, they were found to be 3-0- 5-D-galactosyl-
6-0- B -D-galactosyl-lactose (G,) and 6-0- 8 -D-galactosyl-6-0- 3 -D-galactosyl-lactose (G,). G
and G, had high heat stability at 100°C for 5 hrs, and also only 16 and 13.7% were
disintegrated in artificial gastric juice at 37°C for 5 hrs, respectively. The proliferation
effects of lactic acid bacteria with G, and G, were all good for bifidobacteria and lactobacilli

except streptocolli.
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