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ABSTRACT : Cyclodextrin glucanotransferase from Bacillus stearothermophilus and Bacillus
macerans synthesized maltol and ethyl maltol monoglucoside, with a series of its maltooligo-
glucosides by transglycosylation with dextrin as a donor, and maltol or ethyl maltol as an
acceptor. The monoglucoside formed from reaction mixture of maltol or ethyl maltol by the
successive actions of Bacillus stearothermophilus cyclodextrin glucanotransferase and Rhizopus
glucoamylase was isolated by Diaion HP-20 column and silica gel column chromatography. The
structure of the isolated monoglucoside was identified as maltol- @ -D-glucoside and ethyl maltol-
a -D-glucoside, respectively, by FAB-MS, UV, 'H-NMR, “C-NMR spectra and products by

hydrolysis with acid, «- and A -glucosidases.
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Maltol- @ -Glucoside = Ethyl Maltol- & -Glucoside 2] &7 A3

Mandeville, 1994; Kim, et al., 1996)ol|4% wto]
WAs e, gl FEIAE de] Aldsles 23
o]t}. Maltol- sweet, fruity, caramel-like aroma®
BAEE A3 1 AY3 e 8 ok o
2 32 =747+ Z3 (flavor enhancer)”} )
t} 3 ethyl maltol(2-ethyl-3-hydroxy-4H-
pyran-4-one)-& o} 7hA] Zedoll A= WhARAl gk
< 3gHEolut maltolel] w3l 6wl BE dfo] 73t
EA4o] o] AFe] Ful MFAZ del AgHn
gict. oje} Zo| maltold ethyl maltolS TEZ A4
HEgHog ALEI Qe sk ® 7HA
A AlokE ¥ vl Felio: Foll of
3k SAlErl wor, w2 g 2EOE A4
3] F3tEle) FAkElE Ade Adx e W
ohle} g5t Hes WAslod 4A wAE7] o
ot frelv Fehesdl f7)oak Bdslof 3l ©t
A& AV Adr} (Lebranc and Akers, 1989). =}
ghA oldl A& At A W sk ol
A AL SAANA FH o2 3HEHAE vyl ¢
3 A S Alzsle WHE NUsle] dul g
g 9 w9 A9 ¥ JHAA (side stream
smoke flavorant)24] 845 7ZES vl Qo
(Heron, 1989). —reju} ol9} 7L 31Hy Hlo
o3t widA] AzPHES o8] TAlY] I Wk
o AXol 3l 549 F7] HWAE A&
of 3l o] g}, o|8d g Hesle W
wo g o= 9 A ol(transglycosylation) 2+
AL Ad BEE ol 83le] BAFH WHez w

Ag Azsee A7 gol o|Fo] Flom, ol

A VEEY dEE olv] AdHew ofx
a9}
Sl

cyclodextrin glucanotransferase (CGTase)2]
745 99 cyclodextring Alzsl=d] ALEE &
Zrof} H el o] FAvE AYx g o Aol
A (intermolecular transglycosylation) g o]-8-3}
of WA E Azdozs o3 Mot A
2 7154S Fofslr] A3 A7t ARERe
v (Kitahata, 1990; Okada et al, 1991: Muto,
2001), °l2i¥ Wez Azd Mz F2E]
A AE b v oo 5oE AMEER
%= o= ek (Yamamoto, 1989 Kitahata, 1990

pa8

¢

Suzuki and Suzuki, 1991)

uheba] E ol oA maltol ¥ ethyl maltol®
ol & MAdomA FETd 7sAdS =4
g BRoZ CGTase’t AU glv & HolgdA4
& o] g3l maltol ¥ ethyl maltol®] =] A
& A=g vl 1 ARE Basx g

M= 3wy
N =2

Maltol, ethyl maltol, rice « -gucosidase (G-9259)
% Aspergillus niger cellulase (C-1184)+ Sigma*}
(MO, USA) AlFE Tkl Agsloddt. 548
A Bacillus (B) stearothermophilusoll A} E-2]gt
CGTase®} dextrin (DE #18)2 9E HayashibaraXt
(Okayama, Japan) a3 442 B8 2okt
o} A&#933L, B. macerans % B. circulansoll A
E2]gt CGTase= ¥ Amano A|¢F (Osaka, Japan)
o 7 HE] FHoklol A8319iv}y. Rhizopus nevius
glucoamylase= H¥ A3kehF3] (Tokyo, Japan)
AFe TYsle] A-8319li, Diaion HP-20 A
+ Y MitsubishiA}t (Tokyo, Japan) AIFS A&
slg o, silica gel (70-230 mesh)S MerckAt
(Darmstadt, Germany) A& Agslsict

CGTaseQ| &M =3

CGTase &AL Suzuki 5 W (Suzuki and
Suzuki, 1991)el] =3t HAslPe. & 1 mM
CaClyZ 83k 0.05 M 24 2380 (pH 55)2
2 &3AZ 0.3% 78 AEEH 5 miol FAH
200 & 7FE thS 40CollA 1087 HESA1 AT
olo] A WkeH 05 mE Zsle] 0.02 N HpSOs &
415 m2t 0.1 NL 8§94 02 mE 718 vhg 660

mold] FHEE SAelgrh xx BRS B9
1% FHEE FLAF LY £2¥E uko|

kS 1 ¢k (unit)&E gk

Maltol % ethyl maltol BiEAIS} M=

Maltol =3 ethyl maltol (0.4 g) ¥ dextrin (0.5
@3 0.1 M CaCl; 0.1 m/3 0.1M Z4%Egol
(pH 6.0l £30AA 10 m 2 3 o3 50CollA
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A-g3te] pH #  glucoamylase

(1.0 wnit)& 7Kk ohg 50CelA 7417 ¥-5-A171
T FEZAA 1027 7tdsie] HH-& FE3k
Zbze] nbg-llof] wgh3-g 7hsle] JujE 34
ot b2 AMEm 24 n-butanol:acetic acid:water
(211, v/v) gL Agste] HPTLCE e
% scannerZ 270 nmoll4 7} peake] W =
slod F Ho] &R 3glct

"_._V'L-{o

Of

3]

Pl
A

o 1

KN
=

HE MMEQ| BAM

HPTLCE £%4 CamagAt®] Linomat IV
HPTLC® TLC scanner® AHg313ick. 'H-NMR
(400 MHz) % “C-NMR (100 MHz) spectrat
BrukerAte] AMX 4005 A-&3lo) ZAsigly, £

1884
88 -

68

%, V5]

40+

29

W24 D02 HEIIFEE (ISTD)EA sodium
trimethylsilyl propionate-2,2,3,3,-ds (DSS)E A&
slde). Ultraviolet (UV)  absorption  spectrat™
BeckmanAt2] DU-70 spectrophotometerE A3}
of F3lla, B £4E 9% FAB-MS+
JEOL JMS HX-110A (Tokyo, Japan)& AH&sisich,

=]

Zy g o
CGTasell 2ist A MM

7+ )B4 Fasls B -glucosidasel:
FZZ71E Ad 332 23 wlidA] Az ol
| g5 9gort phenold LF-EANE AY
Q& maltol2 8- glucosidaseol] &J&l41= i
AL AREHT] ol Ao Hiso] gk
(Baba et al., 1995). w4 H Aol = 2

2|

jS LY
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8 g T T
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se
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Fig. 1. HPTLC chromatograms of the reaction mixtures of dextrin and maltol (A) or
ethyl maltol (B) with B. stearothermophilus CGTase. G monoglucoside-like,
Gy maltoside-like, Gz-Gs+ maltooligoside-like compounds. B. stearothermophilus

CGTase (225

units) was incubated at 50°C for 48 hr in the dark with a

mixture of dextrin (0.5 g) and maltol or ethyl maltol (0.4 g) in 10 ml of 0.1 M
acetate buffer (pH 6.0) with 0.1 m! of 0.1 M CaCly. After dilution with MeOH,
HPTLC was done with a solvent system of n-butanol:acetic acid:water (2:1:1,
v/v), and each peaks were scanned under UV irradation (270 nm).
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Maltol- ¢ -Glucoside 2 Ethyl Maltol- ¢ -Glucoside®] &7 A4

7164 4 AzdTFol A5 o435 CGTased
o]-8stod maltol =¥ ethyl maltol®] =edA] A=
E AlEsQrk EAZA AR & n]Agl4
Fillsl= 359 CGTases A-gsto] Aglslt Azl
B. stearothermophilus$} B. maceransollAl f-eis}
+ CGTaseoll &8+ TLC AollAl maltol *E
ethyl maltol ®t} Rf ko] o2 %9 whg A
AEo] AAlE et B, circulans CGTasedl] 2
MAE 3 o] A Eol AEHA &gt 1
T 53] 2 AHol&Ae] 7% Ao Jeld B
stearothermophilus  CGTaseol] 23t HlSolg-
HPTLCZ 4% ZAde= Fig. 13 22w, ol&
scannerg o]-&slo] 270 nmellAl 7+ peaks] WH
S ZAsle] wEET AR A= Table 13
tet,

Maltol (== ethyl maltol® dextrin E%Hel] B.
stearothermophilus 2 B. macerans CGTaseE HF
SAHE W Gi~Gs 7HA9] glucosides”t 341 =191
ow, o} Zo|&S B. stearthermophilus CGTase
A2 maltolol| A 26.4%, ethyl maltolol) 2] 28.8%
ol9l o}, B. macerans CGTase2| 7%t 12-14%
Froldet. ol#ldt HAite fAT WMoz B
stearthermophilus CGTaseZ AL&3lo] HE2RA]AS
o 3 Holgo] rutinollA 45-68% (Suzuki and

rlr ok

&=

il

my

Table 1. Transglycosylation to maltol and ethyl
maltol from dextrin by cyclodextrin glucano-
transferase

Relative ratio(%)

Acceptor
A A-Gi A-Gz2 A-oligo
Maltol 73.6 10.6 8.3 75
Ethyl maltol 712 11.6 8.5 8.7
Maltol 87.8 5.6 3.7 2.9

Ethyl maltol  86.2 6.1 3.9 3.8

I @ CGTase from B. stearothermophilus,

O : CGTase from B. macerans,

A : aglycone, Gi : monoglucoside-like,

Gz : maltoside-like, oligo : maltooligoside-like
compounds.

Suzuki, 1991), ascorbic acidell4 2F 33% (Yamamoto,
1989), 14+ AAZ oA 47-79% (Kim et al., 2001)
o|R®l Zloll ulalAE Fgo] w2 HolArh
w3t Z+72+e] CGTase HH-5-Holl glucoamylase
Z AHelgt A3 maltol £+ ethyl maltol
oligosaccharides (Go-Gs)Z 7HFElw AEEL
HE2 253 whH monosaccharide (G2 7HFE &
AES S7keldch olgidt A= CGTase’t
dextrin®] 783l Aol A glucosyl ZEAL
& maltol =Y ethyl maltolell HolAZAozx)
maltol ®=5= ethyl maliol oligosaccharidesZ& 341 g

= vebl Fa gieh

Maltol - @ -glucoside?| &2 ¥ =X

Z Ho| uke MBS Helsle] T2E FAF
A} maltol 2 g3} dextrin 5 g, 0.1 M CaCl, £
1.0 mE Rk 0.1 M 24980 (pH 6.0)
100 méoll B, stearothermophilus CGTase 1,125
units® 7FgE thE 50°CellA] 48417 whE-A1Zxh
HESRL 1087 JHdste] 34AE A3
the 40 M ZAgdHowm pH 458 =4 X
glucoamylase (9.0 units)E 7Faled 50°Coll4] 7A|7k
HESAIZL ohg floljAel Bt wdleg wA4AE
B2 whSHe FREFFoR &Y
o] w32 maltolg AAZ o FEY H2
Diaion HP-20 A& FRAZ Zadoll FxHA171
* FWTE AEs] v FHE 3 825 AA
aoirh ololA FAE MAES e E 54
70 vk olF vHA] silica gel #7 A EnkE ey
2 Belsled maltol glucoside® 7FEEE 74 4
HaAe AAE 038 g& oo, APEL o
7k EmzANA RS ARsiolen) #AA3
A ekokeh. WA ES positive FAB-MS (m/2)2
B4743 311 [M+Na] © 24 Exjsko] 288%]%
¢ ¢ 2o, 'H NMR (400 Mz, D0, &) 234
A3 8.03 (d, 1H, J = 557 Hz, CH=CH-C=0),
6.52 (d, 1H, J = 5.56 Hz, CH=CH~-C=0), 2.47 (s,
3H, CHs)ollAl proton signale] 7&%o] maltolQ)
EA7E AA=e w3k 552 (d, 1H, J = 3.74
Hz, anomeric H), 4.07-3.47 (glucosyl moieties)ol]
71918k maltololl gulcose 1 BA}7F ZAgt=]o] 9l
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= Aoz AAEAU=H 53| anomeric protong]
coupling constant (/)7} 3.74 Hz ¢l Ze& Ho}
a-anomer & & & YAk = CC-NMR
(100 MHz, D:0, &)ollA& Table 2014 & =1}
o] w382l chemical shifts”} maltole]3L ©17)
ol glucose 1EA7} Agts]ol 9L <ok 4 g
om AAE| f-glucosidaseE HN-A1Z1-2 uldl]
© glucoside®] F3li7l WEEA] kot «
~glucosidaseE HHSAIZ-S ulls= TLC AollA 284
Bo] ZrazslA maltol® U3 Rf S 4= &
Ao| YAEE HOZ Hol maltole] HI-E-ojo R
Bl 228t ABAEL maltol- ¢ -D-glucoside® 53

2o
5t

Table 2. “C-NMR spectra of maltol and ethyl
maltol- @ -glucoside

Maltol Maltol-G  Ethyl Ethyl
maltol  maltol-G

(CDCY;)  (D:0)  (CDCly) (D:0)
C-2 149.50 141.44  153.74 142.49
C-3 144.89  162.22  144.22 167.77
C4 173.67 176.19  174.02 177.89
C-5 11437 11483  114.28 116.22
C-6 153.99 155.76  154.14 157.66
C-7 14.77 14.18 21.80 22.77
C-8 - - 11.11 10.96
C-1 100.12 102.28
Cc-2 71.95 73.63
Cc-3 72.83 74.50
C-4 68.13 69.66
C-5' 70.49 72.11
C-6’ 59.41 60.96

Ethyl maltol-@ -glucoside®l #2| ¥ F=SH
Ethyl maltol#} dextrin &slollA B, stearo-
thermophilus CGTase2] H¥hs-o4o 2 HE] maltolol]
Aot FUgt 2oz Relslo] A Agi4del ub
SAMAE 043 g& dgow, o] odA] o] gufz
Al ZAARE AEslnont ZAo] A=A
okokr}. AWAES] positive FAB-MS (m/z) 24 2

SR

7} 325 [M+Na] "2 veht Bxjedo] 302908 &
I Yo, 'H NMR ZA 723} 8.07 (d, 1H, J =
5.58 Hz, CH=CH-C=0), 6.53 (d, 1H, J = 5.58 Hz,
CH=CH-C=0), 2.85 (q, 2H, J = 7.62 Hz, CH)),
1.24 (t, 3H, J = 7.65, CHs)ollA proton signal®)
HA&=]o] ethyl maltold] EA7L A|A=E Aok, mEdE
5.44 (d, 1H, J = 3.73 Hz, anomeric H), 4.07-3.49
(glucosyl moieties)el] 7121s}ed w3l gulcose 1
a7 AgEe] e Aeq AAEYEd, &3
anomeric proton®] coupling constant {(J)7} 3.73 Hz
olglon@ o] A g-anomer ¥& ¥ T UN
k. "C-NMRIAE Table 2014 R nis}
H| 2] chemical shifts”} ethyl maltolo] 32
o glucose 1AV Zdtslo] & &
o g -glucosidaseE HHSA|Z S ol ethyl maltol
o] AAxE|E= Zo & Hol ethyl maltold] HFg-oHo
2He] Balgl YAEL  ethyl maltol- ¢ -D-
glucosideZ FAHAEH F F2| @ Ho] A&

o] F== Fig. 2¢ Zth

7o)

o471
LY

Fig. 2. Proposed structures of the transglycos—
ylation products

A: Maltol- @ -D-glucoside,
B: Ethyl maltol- @ -D-glucoside.

220 WA Eo] gk UV profiles B[zt
Fig. 33 7t} ﬂﬂlﬂ%ﬂf 0.1 M HCl &
maltol®} FHv] F534 (Amax)e] 7
278 nm¥ 274 nm Qo) Wsle] B Hol AAF 9]
A FraAdS 272 258 nm, 260 nmE ghabzk
Zo g ol%3l9gl, ethyl maltol®] HHE-Ho 2 K]

Felgh 2 Aol M4ES A= maltole] 752k

L)
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Maltol- & -Glucoside = Ethyl Maliol- ¢ -Glucoside @) &AZ 34

Ethyl maltol

Absorbance

Absorbance

210
Wavelength(nm)

350 210

-
o o = :M_
* o' Y

250 300 350

Wavelength(nm)

Fig. 3. Ultraviolet absorption spectra of maltol, ethyl maltol, maltol- @ -D-glucoside and ethyl maltol~

a -D-glucoside. —— Maltol or ethyl maltol, ---:

maltol- ¢ -glucoside or ethyl maltol-

~glucoside, A: MeOH, B: 0.1 M HC], C: 0.1 M NaOH.

FAE A% ehhgle olsh e o] A
HEES gol YA ke e} maltololit

ethyl maltol¥}= 2] Foll AHF-EA =oma &
717 A9 glon) ol& A w4 -glucosidase
2 7R A= 7HdlElo]  maltol
ethyl maltole] 22 A= 2F29 77 WA E

= 54% AU Adch

(3
=

z B

A% 2 g Fge g A4LEE maltold
ethyl maltol®] o]}k MAS Edog g4z
Wfell o3 widAl] A4S AEslgivh @ Foix)
BA dextringd & FEAEZA maltol BEE ethyt

P

maltolg el E3tloll Bacillus  stearother-

mophilus =T Bacillus macerans cyclodextrin
glucanotransferaseE A7}3 ¥1-22171 A3} maltol
CE  ethyl maltol monoglucoside ool %
maltooligoglucoside 2 7H3y 4Z29 wkE A4
ol AsHEAd. Aol ur2NE  Rhizopus

nevius glucoamylase *2l3¥ Diaion-HP Z= =)
Azt Al 7y aEvlgaey]e] o WSS
£2l% ohg FAB-MS, UV, 'H-NMR, “C-NMR
24, A 7R, o -glucosidase ¥ 8 -glucosi-
daseol] I3t 7hitell B4 zAAR) ol 27
maltol- @ ~D-glucoside®}  ethyl  maltol- ¢ -D-
glucosideql Zo 2 T dr), ol sidal= 4
EAo1HA vt A glgdent o]lF A4 m:
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