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Rubusoside, the /?-D-glucosyl ester of 1 3-O-/?-D-glucosyl-steviol which was isolated from leaves
of Rubus suavissimus collected in China as the major sweet principle (yield: 5.4%), was subjected to
a- 1 4 transglucosylation with the cyclodextrin glucosyltransferase produced by Bacillus megaterium
Strain No. 5 using soluble starch as a donor. A significant improvement in the quality of sweetness
was observed for the crude reaction mixture, which was separated into mono-, di-, tri-, tetra-,
penta-, and hexa-glucosylated products. All isomers of the mono- and di-glucosylated products
were further separated. Evaluation of the sweetness of these products compared with stevioside,
rebaudioside A, etc. disclosed that the ratio of the number of glucose units at the 13-hydroxyl group
to that at 19-carboxyl group seems to have a significant relationship with the sweetness as well as
the quality of taste for glucosides of this type.

As part of a series of studies on natural
sweet glycosides, we have isolated a sweet
principle named rubusoside (1) (jS-D-glucosyl
ester of 13-O-jS-D-glucosyl-steviol) in a high
yield (5.4%) from leaves of a Rubus species

(Rosaceae) collected in Kwangchow, China.1*
This bisglucoside (1) of steviol(2) had been

obtained from stevioside (3),2) a major sweet
principle of Stevia rebaudiana Bertoni

(Compositae) by enzymic partial hydrolysis3A)
as an important intermediate of the conversion
of 3 into rebaudioside-A(4), the better sweet
principle of S. rebaudianaP The formation of
1 from 3 by mild acid hydrolysis was also
described by Nabeta et al.6) However, our
reinvestigation7) of their report revealed that

any of 1 was not formed from 3 under their
conditions, substantiating that the 13-0-

(tertiary hydroxyl)- and 19-0-(carboxyl)- glu-
cosyl linkages of 3 were more readily hy-
drolyzed under acidic condition than the in-
ternal glucosyl-glucoside bond of its sopho-
rosyl moiety.
In our first paper, this rosaceous plant wastentatively described as R. chingii Hu.1}
However, taxonomical study by a Chinese

botanist8} as well as our comparative study on
constituents of leaves of R. chingii collected in
Japan (Japanese name: gosho-ichigo)9) led to
the decision that the botanical name of this

sweet Chinese plant is R. suavissimus S. Lee.
The relative sweetness of 1 to sucrose de-

termined at the concentration of 0.05% was
reported to be x63,lj4) while the reinvesti-

gation at the concentration of 0.025% in the
present study revealed that 1 was 114-fold
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sweeter than sucrose (Table I), being accom-

panied by a slight bitter taste like 3.
From Bacillus megaterium strain No. 5,

Okada et al.10) had previously isolated a highly
active glucosyltransferase which efficiently
catalyzed the trans-ot-D-g\\xcosy\ation from
starch to a 4-hydroxyl group of a glucosyl
moiety. This regio- and stereo-specific transg-
lucosylation has been applied for the im-

provement of the quality of sweetness of 3 and
its derivative, steviolbioside (5).4) The present
paper deals with the enzymic transglucosyla-
tion of 1 which led to an improvement of its
sweetness, disclosing some significance for
the structure-sweetness relationship of steviol-
bisglycosides.

Rubusoside (1) was subjected to enzymic
/ra^-a-D-glucosylation using starch as a do-
nor under the same conditions used in our
previous paper.4) Ultra-filtration of the re-
action mixture afforded an enzyme- and

polysaccharide-free product (RG), which was
treated with Amberlite MB-3to give a de-
ionized product (RG-DI). By column chro-
matography on silica gel, RG-DI was frac-

tionated to give unchanged 1 (recovery: 7.2%),
monoglucosylated products, RG-la (yield:

2.5%) and -lb (6.5%), a mixture of diglucosy-
lated products (RG-2a, -2b and -2c) (ll.0%), a
mixture of tri- and tetra-glucosylated products
(RG-3,4) (18%) and a mixture of penta- and
hexa- glucosylated products (RG-5,6) (14%).
The 13C NMRspectrum ofRG-la exhibited
three anomeric carbon signals at S 95.8 (1C, d),
99.5 (1C, d) and 103.0 (1C, d), the former two
of which were reported to be characteristic of
the anomeric carbons of steviol 19-O-(ester
type)- and 13-O-(tertiary)-j5-glucosides, re-
spectively.1^ The latter signal near S 103 is
known to be characteristic of the a-glucosyl

anomeric carbon of glucobiosides.12) The EI-
MSof its acetate showed fragment ions at m/z
619 ((glc-glc)Ac7)+ and 331 (glcAc4)+. On

alkaline saponification, RG-la yielded 1 3-0-/?-
maltosyl-steviol (6), the structure of which was
established based on the two anomeric carbon
signals at S 99A (1C, d, 13-O-£-glc) and 102.9
(1C, d, a-glc) and the EI-MS fragment ions of

its acetate at mjz 619 and 331 (see above)
coupled with the consideration of the regio-
and stereo-specificity of this transglucosyla-
tion. It follows that RG-la can be formu-
lated as 13-O-jS-maltosyl-19-O-jS-D-glucosyl-
steviol.

The 13C NMRspectrum of RG-lb showed
three anomeric carbon signals at 3 95.2 (1C, d,
19-jS-glc), 99.4 (1C, d, 13-0-j8-glc) and 102.7

(1C, d, a-glc) and EI-MS of its acetate exhi-
bited ions at mjz 619 and 331 (see above).
Alkaline saponification of RG-lb afforded 13-
O-/?-D-glucosyl-steviol (7) which had already
been obtained from 1 by alkaline saponifi-

cation.3?4) Accordingly, the structure of RG-lb
was assigned as 13-0-/?-D-glucosyl-19-0-/?-
maltosyl-steviol.

It was revealed that the normal phase HLC
could separate this mixture into RG-2b and a
mixture of RG-2a and -2c and the separation
of RG-2a and -2c was achieved by reverse
phase HLC (see Fig. 1). Consequently, the
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Fig. 1. HLCSeparation of Diglucosylated Rubusoside.
A: On reverse phase column (TSK gel LS 410, 7.8mm i.d. x 60cm); mobile phase, MeOH-H2O(8 :2); flow
rate, 2ml/min. B: On silica gel (Radial Pak silica, 8mmi.d. x 10cm); mobile phase, EtOAc-EtOH-H2O
(8 : 2 : 1, homogeneous); flow rate, 2.5 ml/min.

mixture of diglucosylated products was re-
chromatographed on silica gel and further
purified by a combination of HLC on silica gel
and octadecyl silanized silica gel columns as
described in the experimental section, afford-
ing pure RG-2a, -2b and -2c.
FD-MS of RG-2a, -2b and -2c showed ions
at m/z 989 (M+Na)+, 827 (M+Na-163
(glc)+H)+ and 665 (M+Na-325 (glc-
glc)+H)+ and four anomeric carbons were

observed for the 13C NMRspectra of all of
these compounds: 6 95.8 (1C, d), 99.5 (1C, d)
and 102.8 (2C, d) for RG-2a, 5 95.6 (1C, d),
99.6(1C,d), 102.8(1C,d)and 103.1 (1C,d)for
RG-2b and 3 95.7 (1C, d),99.6 (1C, d) and

102.7 (2C, d) for RG-2c. Acetates of RG-2a
and -2b exhibited fragment ions at m/z 907

((glc-glc-glc)Aclo) + , 619 and 33 1 (see above) in
their EI-MS, while EI-MS of an acetate of
RG-2c exhibited ions at m/z 619 and 331,

lacking the ion at m/z 907 due to a glucotriose
unit. On alkaline saponification, RG-2b and
RG-2c yielded 7 and 6, respectively. Alkaline
saponification of RG-2a afforded a glucoside
(8) which was formulated as 13-0-/3-
maltotriosyl-steviol based on its three anom-
eric carbon signals at 8 99A (1C, d,.13-0-/?-

glc), 102.8 (1C, d, a-glc) and 103.0 (1C, d, a-

glc) as well as the consideration of the regio-
and stereo-specificity of this reaction. It fol-

lows that RG-2a, -2b and -2c can be for-
mulated as 13-0-jB-maltotriosyl-19-0-0-d-
glucosyl-, 13-O-j8-D-glucosyl-19-O-^-malto-
triosyl-, and 13, 19-di-O-jS-maltosyl-steviol,

respectively.
The ratios of RG-2a, -2b, and -2c in the
reaction mixture were determined as follows.
The mixture of the diglucosylated products
obtained by the column chromatography of
GR-DI (see above) was saponified with alkali
and the resulting mixture of 8, 7, and 6 was
subjected to analysis by dual wavelength TLC-
densitometry. The molar ratio calculated from
this analysis was RG-2a:RG-2b:RG-2c=
1.5:1.6:1.0.

The mixture of tri- and tetra-glucosylated
products was further chromatographed on sili-
ca gel to give triglucosylated mixture (RG-3)
(yield: 13.5%) and tetraglucosylated mixture
(RG-4) (4.5%), which showed ions at m/z 1 151
(steviol-(glc)5 +Na)+ and 1313 (steviol-(glc)6
+Na)+ in their FD-MS, respectively. The
separation of RG-3 and -4 into their com-

ponents has not been conducted because it is
difficult even by HLC. The mixture of penta-
and hexa-glucosylated products was also sepa-
rated into a pentaglucosylated mixture (RG-5)
(yield: 9.0%) and a hexaglucosylated mixture
(RG-6) (4.4%) by rechromatography on silica
gel. The numbers of the transfered glucose
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T a b l e  I.  R e l a t iv e  S w e e t n e s s a n d

Q u a l i t y  o f  T a s t e

C o m p o u n d   B /A a  Q .T .5   G lc  r a t io c

2 4 2     + 3      3 : 1

1 4 3             2 : 1

- 1       1 : 2

1 1 4              1 : 1

R G        9 0     + 2

R G - D I      1 0 0     +  2

R G - l a      1 4 2     + 3       2 : 1

R G - 1 b      1 1 3             1 : 2

R G - 2 a      2 9 8     + 4       3  : 1

R G - 2 b       1 0 4     - 1       1 : 3

R G - 2 c            + 2       2 : 2

R G - 3       1 5 8    4 - 1

R G - 4

R G - 5       1 0 7

R G - 6        5 3     _  i

Relative sweetness. A, cone (w/v%) of aq. solution
of sample; B, cone. (w/v%) ofaq. solution of sucrose
with the same sweetness as sample solution.
Quality of taste relative to 3: + 4, remarkably better;
+3, fairly better; +2, better; + 1, slightly better; 0,
almost the same; - 1, worse.
Ratio of number of glucose units on 13-OHto that
on 19-COOH.

units of both mixtures were tentatively antici-
pated by their Rfvalues on TLC.

The structure-sweetness relationship of
steviol glycosides has been reported.4'13) The
relative sweetness of the compoundsand mix-
tures of the present study as well as the relative
quality of the taste are listed in Table I, which
gives additional information on this subject.

The remarkable improvement of the quality of
taste (such as bitterness for 1 and 3) was
observed for RG and RG-DI. In the RG-1
series, RG-1a was found to be superior in both
sweetness and its quality of taste to 1 and RG-
lb. In the RG-2 series, sweetness and quality
were remarkably improved for RG-2a, being
more delicious than 4, while a change of
sweetness and taste for the worse was evidently
observed for RG-2b. This evidence strongly
suggests the important relationship between

the sweetness including the quality of taste and
the ratio of the number of glucose units at 13-
and 19-positions. The ratio of 13-O-glc : 19-0-
glc of the better sweeteners are more than 1 : 1,

i.e., 2: 1 in RG-laand3; 3: 1 inRG-2aand4,
while that of the worse sweeteners is less than
1:1, i.e., 1:3 in GR-2b. It is notable that
synthetic 1 3-0-/?-grucosyl- 1 9-j6-cellobiosyl-
steviol (9) evidently exhibited low sweetness
and worse quality of taste than 3 in our

previous paper.4)
Further study on the syntheses of a variety
of steviol glycosides and their structure-
sweetness relationship are under progress to
confirm this argument.

EXPERIMENTAL

13C NMRspectra were taken on a JEOL PFT-100
spectrometer at 25.15MHz pyridine-d5. MS were re-
corded on JEOL 01 SG-2 spectrometer at 75eY (ion-

ization voltage). Acetylation for MSwas conducted with
Ac2O-pyridine in the usual way.

Transglucosylation. To a solution of1 (9 g) and soluble
starch (9g) in H2O (170ml) and 1 m acetate buffer (pH
5.4, 2 ml), was added cyclodextrin glucosyltransferase10)
(120 unit/ml, 2ml) and the mixture was incubated at
40°C for 8hr and then at 28°C for an additional 10hr.

After boiling for 15min, the mixture was concentrated
to dryness in vacuo. A 10%aqueous solution of the resi-
due was subjected to ultra filtration through a filter,
G-10T (Bioengineering Co., Ltd.), at the pressure of 2 kg/
cm2.The filtrate was concentrated to dryness in vacuo
to give RG (13.5g). An aqueous solution of RG (9.9g)
was deionized by passing through a column of Amber-
lite-MB-3 and concentrated to dryness in vacuo to afford
RG-DI (9.1 g).

Separation of glucosylated products. Column chroma-
tography of RG-DI (9.0 g) on silica gel by gradient elution
with EtOAc-EtOH-H2O (16 : 2 : 1-8 : 4 : 1, homogeneous)
afforded unchanged 1, RG-la, -lb and three mixtures of
RG-2a, 2b, 2c, RG-3,4 and RG-5,6 in yields (from 1) of
7.2 (recovery), 2.5, 6.5, 1 1.0, 18.0, and 14.0%, respectively.

The mixture of RG^2a, 2b, 2c (1g) was chromato-

graphed repeatedly on silica gel by elution with EtOAc-
EtOH-H2O (8 : 2 : 1, homogeneous) to give two fractions,
A and B. Fraction A, which consisted of RG-2a and -2c,
was separated by preparative HLC on a reverse phase
column of TSK gel LS-410 (7.8mm i.d. x 60cm), mobile
phase MeOH-H2O(8 : 2), flow rate: 2ml/min, detection:
RI, affording RG-2a (300 mg) and -2c (150mg). Fraction
B, which mainly consisted of RG-2b and a small amount
of -2a and -2c, was separated by preparative HLCon silica
gel, Radial Pak silica, Waters (8mm i.d. x 10cm), mobile
phase EtOAc-EtOH-H2O (8 : 2 : 1, homogeneous), flow

rate: 2.5 ml/min, detection: RI, affording RG-2b (370 mg).
The mixture of RG-3,4 (1.5 g) was subjected to repeated
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chromatography on silica gel (solvent: EtOAc-EtOH-

H2O (8:2: 1, homogeneous)) to give RG-3 (750mg) and
RG-4 (500mg). The mixture of RG-5,6 (1.0g) was also
chromatographed on silica gel (the same solvent system)

to afford RG-5 (500mg) and RG-6 (350mg).

Properties ofRG-la and -lb.
RG-la: Whitepowder, [afe9 - 14.8° (c=0.27, MeOH).
Anal. Found: C, 53.54; H, 7.51%. Calcd. for C38H60O18

24rH2O; C, 53.70; H, 7.71%.

A solution of RG-la (100mg) in 5% KOH/MeOH
(5ml) was refluxed for 2hr. The reaction mixture was

diluted with H2O, acidified with dil. AcOH, and then
extracted with 1-BuOH. The BuOH layer was concen-

trated to dryness and the residue was chromatographed on
a highly porous polymer, Diaion MCI gel CHP-20P
(solvent: 80% MeOH), affording a crystalline 6, mp

281 ~"283°C (from MeOH-H2O), [a]J>8 -14.3° (c=0.27,
MeOH). Anal. Found: C, 56.49; H, 7.78%. Calcd. for

C32H50O13 2H2O: C, 56.62; H, 8.01%.

RG-lb: Colorless needles, mp 227~230°C (from
MeOH-H2O), [a]{>7 -28.0° (c=0.25, MeOH), 1H-NMR
(in C5D5N) S 5.06, 5.87 and 5.97 (each 1H doublet, /=7,
4 and 7 Hz, respectively, anomeric protons). Anal. Found:
C, 55.58; H, 7.81%. Calcd. for C38H60O18 H2O: C, 55.46;
H, 7.59%.

A solution of RG-lb (lOOmg) in 5% KOH/MeOH
(5ml) was refluxed for 2hr. The reaction mixture was
passed through a column of Dowex-50W-X2and then
concentrated to dryness. The residue was chromatog-
raphed on Diaion MCI gel CHP-20P (solvent: 70%

MeOH), affording 7 (70mg), white powder, [a]J>6 -35.0°
(c=0.20, MeOH).

Properties ofRG-2a, -2b, and -2c.
RG-2a: Whitepowder, [a]*8 -18.8° (c=0.27, MeOH).
Anal. Found: C, 51.77; H, 7.35%. Calcd. for C44H70O23
3H2O: C, 51.75; H, 7.50%. On alkaline saponification in
the same way as for RG-lb, RG-2a yielded 8, white
powder, [afe8 -22.3° (c=0.27, MeOH).

RG-2b: White powder, [afifå  -45.4° (c=0.20,

MeOH). Anal. Found: C, 50.ll; H, 7.24%. Calcd. for
C44H70O23 4iH2O: C, 50.04; H, 7.53%. Alkaline saponifi-

cation of RG-2b in the same way as above yielded 7, white
powder, [aft6 -35.0° (c=0.20, MeOH).

RG-2c: Colorless needles, mp 213~215°C (from
MeOH-H2O), [a]£>8 -14.4° (c=0.14, MeOH). Anal.
Found: C, 53.07; H, 7.47%. Calcd. for C44H70O23 H2O: C,
53.32; H, 7.43%. On alkaline saponification under the

same condition as above, RG-2c afforded crystalline 6, mp
281 ~283°C (from MeOH-H2O),. [«]{? -14.3° (c=0.29,
MeOH).

Quantitative analysis of ratio of RG-2a, -2b, and -2c in
RG-DI. The mixture of RG-2a,2b, and 2c (35 mg) obtained
from RG-DI by column chromatography (see above) was
dissolved in 5% KOH/MeOH(3ml) and the solution was

refluxed for 2 hr. The reaction mixture was passed through
a columnof Dowex-50W-X2and the columnwas washed
with EtOH.The eluate and the washing were combined
and concentrated to dryness. The ratio of6, 7, and 8 in the
residue was determined by TLC-densitometry; TLC: on
precoated silica gel plate 60 F254 (Merck) developed with
EtOAc-EtOH-H2O (8 : 2: 1, homogeneous). The plate,

after being sprayed with 10% H2SO4, was heated at 140°C
for a few min and immediately covered with a glass plate
of the samesize to prevent color changesof the spots and
then subjected to TLC-densitometry on a Shimadzu CS-
910 dual wavelength TLC scanner: S 450nm, R 750nm,
(linearizer: channel 2). Calibration plots of integrated
values of spots against weight/spot were found to be linear
for 6~8 up to a concentration of 54^g/spot. The weight
ratio of6, 7, and 8 were found to be 7.5:6.4: ll.9 which
meant that the molar ratio of RG-2a, -2a, -2b, and -2c in
RG-DIwas 1.5:1.6:1.0.

Sensory evaluation. Sweetnessrelative to sucrose was
evaluated by a human sensory panel. All samples were
dissolved in H2O to make 0.025% (w/v) solutions and
sucrose solutions were prepared at graduated concen-
trations from 1.0 to 6.0% (w/v) with intervals of 0.4%
(w/v). The panelists were asked to taste a sucrose solution
and estimate its total taste intensity relative to that of the
sample solution. Panelists tested in this way four times
for each sample. From the above results, a point of sub-
jective equality (PSE) was calculated according to the
following formula;

Lu=^ PSE=L^H Ll^1
k 2 å  k

Xu: Upper differential limen of each evaluation
XI: Lower differential limen of each evaluation

Lu: Upper differential limen
LI: Lower differential limen

k\ Numberof tests
Sweetness of each sample relative to sucrose was

calculated by the following formula;
B/A x 100

A: Concentration (w/v%) of sample solution
(0.025%)

B: Concentration (w/v%) of sucrose solution with
the same sweetness as sample solution (=PSE).
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