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SPECI FI CATI ON Al pha- gl ycosyl stevioside sweeteners The present invention
relates to a sweetener conposition and to a process for its preparation. '
Rgcently, because the use of artificial sweeteners such as dulcin, sodium
cyclamate_and saccharin 5 has been banned or restricted asGB 2ed7 8238 t ha
harinful side-effects which they are believed to have, 5 there has been

an ever - i peeacamondenand for harml ess natural sweeteners. In response to

such denarXigha-dlydosyl stevioside smeatéried Ur er s of sweeteners have had to produce

I ncreasi ng anounts of stevioside. Stevioside is a naturally-occurring-
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bel ow i s atdvivide.gl ucosyl gl ycosi de wherein the aglycon is steviol: Chem cal
Structure of Swewosideds glestyrpiiyrgccurting glycosidetobtainefl Ry entraeting Gigua sebeydianio SEREONI
extract 8 (hereinafisr wiprrad tosa Siewlel. ¢ eppergbthe Chivenamumiasmin B amofifeiant waich 1 &
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wel | known, %@aw& ure f%\{égg,ggd e2or cOhvent I'onal st evi osi de- cont ai ni ng
sweet-eners are restricted and require special precautions or lead to
certain problems as a result @fma number of inherent disadvantages and
properties. 20 Thus, for e>%anpl e, . besi des bei ng sweet, stevioside
inparts bitterness and astri n ? 20 the sweet ness of

steviosi de takes longer to t s nmouth than that of
sucrose and gives a |lingeringy, . Finally, stevioside
is not readily soluble in water, being only 0.12% at [ERR].
According to the present inv ML s provi ded al pha- gl ycosyl

stevi osi de, or a conposition conphl”si ne=lan al pha- gl ycosyl stevi oside,
each for use as a sweetener fch swelieher is preferably 25 obt ai ned
by subjecting an aqueous.s tfon co +| Ng stevioside and at | east one
al pha- gl ucosyl sugar conpound the tiyn of an ,

al pha- gl ucosyl -transferase. Accordin a further aspect of the present

i nvention there is provided a procesS fog the preparati on of a sweetener
conprising an al pha-gl ycosyl stevioside, which process conprises 30
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r esi due, sifisadvantagas@néproperties. t he action of at | east one :
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al pha- gl ycggﬁy al ,1§'5g 3gegl de or an al'pha-glycosy contal ni ng
conposi tion. Actordiph 65th®present ihadatieh, fid@his mbyided alphalgigcop) kledtsideCsrasompdsiton
al pha- g2% compuikinoen @BhEeigeodyl stegiogide, edop fon useap puestene wilicy sweelenerlis proferably 55
cycl odext oPiaingd bx-swhigsting A8 paueaussolutioncompising steylpside;gnd atilesst prerpinbasiugesyl sugar
compound to the action of an alpha-glucosyl-transferase. .
According to a further aspect of the present invention there is provided a process for the
preparation of a sweetener comprising an alpha-glycosyl stevioside, which process comprises .
30 subjecting an aqueous solution comprising stevioside and one or more alpha-glycosyl sugar 30
compounds, preferably selected from maltooligosaccharides such as maltose, mailtotriose, ’
maltotertraose, partial hydrolyzates of starch, and sugar compounds containing an alpha-glucosyl
residue such as sucrose, to the action of at least one alpha-glucosyltransferase which is capable of
transferring an alpha-glucosyl residue to the stevioside to produce, as the sweetener, alpha-glycosyl
35 stevioside or an alpha-glycosyl stevioside containing composition.
Examples of suitable such alpha-glucosyitransferases are alpha-glucosidase (E.C.3.2.1.20), alpha-
amylase (E.C.3.2.1.1.), cyclodextrin glycanotransferase (E.C.2.4.1.19), and dextran sucrase '
(E.C.2.4.1.5). . - -
The process of the present invention yields a sweetener composition containing the alpha-glycosyl!
40 stevioside formed by the reaction, which composition possesses the following outstanding desirable
properties and features that are unattainable with conventional stevioside products or st_eviosiqe
containing sweetener compositions. More particularly, the new sweetener possesses neufher bitterness
- nor astringency, and imparts a mild, soft, round and pleasant sweetness, without a lingering unpieasant
aftertaste, and possesses a substantiaily and desirably improved water solubility., )
45 in addition, it has been ascertained by thin-layer chromatography that the process of the lpvqntion
converts a portion or nearly all of the stevioside used in the reaction into an alpha-glycosy! stc_eyno_slde, .
such as afpha-monoglucosy! stevioside, alpha-diglucosyl stevioside and alpha-triglucosyl stevioside.
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GB 2 027 423 B 2 Recentl-y‘2 g anced Ko b rebaudi osi de A and
rebaudi osi de B which are en -4 f ferent faﬂn1 NSshde were found in
the | eaves of Stevia. As i s\ : 0 or mul ae,
rebaudi osi de A and rebaudi @B dg ¢f ycosi des wherein the
agl ycon is steviol as in the ¢ > “Chem cal structure of
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[ ERR] Chemi cal Structure of Rebaufosyde B QQQOH [ ERR] Whereas the

al pha- gl ycosyl stevi osi de presentiNna/the s ¢per conpositions of ‘the

I nvention is 10 deconposed by al %a-e ucosiy, c N i nkage- hydrol yzi ng enzynes
(e.g. glucoanyl ase, al pha-gl ucosi dase, bgt aanyl ase and

i sormal t odext ranase) into stevioside, D-glu@osqn mal t ose or isomaltose,

r ebaudi awesiRa/StaowreBf RébaudositaBt er referred to as rebaudi osi des unl ess

ot herwi se specified) were found to be undeconposabl e by such : .

al pha- gl ucosi di ¢ |inkage hydrol yzi ngggenzynes. Moreover, the subjection of
an aqueous sol ution cont ai ni pa- gl ugosyl sugar conpound and -

r ebaudi osi des to the action 5 pha- gl ucosyN_{ ansf erase does not
deconpose rebaudi osi des but Andipsi des in 15 a
manner simlar to the aboveP ti Whedl proce he€ said enzyne is
‘caused to act on steviosid€. r ting @ \

asimlarly mld, soft, round andc§ epsant syettuess which is substantially

superior in quality to the unreac xt f€. “Wtor di ngly, the al pha-

gl ycosyl stevioside obtained by t ocess of the present invention is
apparent |y distingui shable from e conventional | y-known stevi oside or
r ebaudi osi des. ' 20 The stevi oside which

‘s used to formthe sweetener conposition of the present invention in the

presence of rﬁvﬁéﬂt@:ﬁQLlHﬂaﬁ-@éﬁﬁ&%ﬁd@%&Qﬂi Mmﬂ% rras&so%ﬁgg; Si¥hd ibvahiidnds L O
hi ghl Yo &kbhissdedty aithbglubsifliiclinRige Hedroipziny enlintet fo.g. Eu&oamw Dfipia-gliossiddss, Of 10
St evi 0Si iktaatRdsd b Eonlaitiedanasedntodtelid DYluedsenBalthee @riisothdRdse, rebaudioside A
. and B (hereinafter referred to as rebaudiosides unless otherwise specified) were found tobe .
undecomposable by such alpha-glucosidic linkage hydrolyzing enzymes. Moreover, the subjection of an
aqueous solution containing an alpha-glucosyl sugar compound and rebaudiosides to the action of an
15 aipha-glucosyltransferase does not decompose rebaudiosides but forms alpha glycosyl rebaudiosidesin 15
a manner similar to the above-mentioned process wherein the said enzyme is caused to act on
stevioside. The resulting reaction mixture also possesses a similarly mild, soft, round and pleasant
sweetness:which is substantially superior in quality to the unreacted mixture. Accordingly, the alpha-
glycosy| stevioside obtained by the process of the present invention is apparently distinguishable from
20 the conventionally-known stevioside or rebaudiosides. - : _ o - 207
The stevioside which is used to form the sweetener composition of the present invention in the
presence of alpha-glucosyl sugar compound is not necessarily limited to highly refined or purified
stevioside products, but may be a mixture of stevioside and rebaudiosides, or a crude stevioside product
or even a stevioside by product containing impurities, e.g. a mother liquor still containing a large amount
25 of stevioside and rebaudiosides obtained by extraction of Stevia and from which crystalline stevioside 25
" has been removed. _ _ .
. The alpha-glucosy! sugar compounds which may be used in the process of the present invention
are those that form alpha-glycosy! stevioside from stevioside when the sugar and the stevioside are
subjected to the action of the alpha-glucosyl-transferase enzyme. Accordingly, substrates which favour
30 the action of alpha-glucosyltransferase, namely alpha-glucosyl sugar compounds such as a partial 30
. starch hydrolyzate and sucrose are suitable. For example, alpha-glucosy! sugar compounds such as
maltoologosaccharides, e.g. maltose, maltriose, maltotetraose, a partial starch hydrolyzate with a
dextrose equivalent {hereinafter abbreviated as D.E.) from 10 to 70 and sucrose are suitable substrates
for alpha-glucosidase (E.C.3.2.1.20) when this is used as the alpha-glucosylitransferase; alpha-glucosyl
35 sugar compounds ranging from a gelatinized starch product with a D.E. not higher than 1 to a partial 35
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- The reaction condmons used in the process of the present invention are such that the alpha-
glucosyltransferase can act on the aqueous solution comprising stevioside and the alpha-glucosyl sugar

50 compound to form the desired alpha-glycosyl stevioside. 50

Preferably, the aqueous solution comprising stevioside and the alpha-glucosyl sugar compound is
prepared by heating to dissolve the stevioside and is usually adjusted to give a stevioside concentration
of from 0.1 to 20% {w/w) and an alpha-glucosy! sugar compound concentration of from 1 to 50% (w/w).
The preferable ratio of alpha-glucosyl sugar compound to stevioside ranges from 0.5 to 500, d.s.b.

55 The pH and temperature of the reaction solution should be in the ranges that enable the formation 55
of alpha-glycosy! stevioside by the action of alpha-glucosyltransferase(s). Usually a pH of 3—10and a
temperature of 20—80°C are used. In the reaction, the amount of enzyme used is closely related to the
reaction duration. Therefore, from an economic point of view, usually an amount of enzyme sufficient to

~ complete the reaction in about 5—8 hours is chosen.

60 The reaction solution in which alpha-glycosyl stevioside is thus formed can be used dlrectlv asthe 60
sweetener composition. If desired, the reaction solution is heated to inactivate the enzyme, filtered,
deionised by passage of the fiitrate through ion exchange resins (e.g. H type strongly acidic ion
exchange resin and OH type weakly basic ion exchange resin), and concentrated into a syrupy
sweetener composition, or the concentrate may be dried and pulverised to yield a powder sweetener

65 composition. Any known method in the art for concentration, drying and pulverizing, e.g. vacuum ~ B5



sl al | y bacteria of genus Bacillus, and genus Kl ebsie/la; dextran -
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and lactic-acid beverages in alcoholic beverages -as well as in dentrifices, gargles and pharmaceuticals.
55 Since the sweetener of the invention is compatible with and harmonizes well and desirably with 55
food ingredients or additives which have other tastes such as soumess, saltness, astringency bitterness
and palatability to improve the taste and quality of the final products, and is highly acid and thermal
resistant, it may be used freely in foods, drinks and confectionery, besldes the above descnbed  products,
in general, giving favourable results and improving their palatability. _
60 Furthermore, the sweetener may be used as a palatability Improver for feeds Intended for - 80
domestic animals, cattles horses, poultry, fish, honey bees and sitk worms. S :
" The sweetener may be also used for sweetening various products of tobeceo confectionery
cosmetics and pharmaceuticals of various forms (in solid, paste, liquid) such as lipcream, lipstick,
dentifrice, mouth refresher, gargles, bad-breath remover tablet, troche, sugar coating drops of cod-liver
65 oil, medicine of oral administration, or freely used as gustatory improving agent, taste improver. 85
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to értﬁe fo
GB 2 027 4&%13ks onf::mor?eﬁ‘wﬁj ltisgcﬂ htifrt ﬁ%ﬁace j%ﬁglé no ‘ﬁgy be

used. The -ﬁé%@ Gﬁr al?:ﬂ:.?d?&&&vin im
svveetener hga,;hﬁsiwe by roughly equa to or s |g t y vveaker than
t he swed nessTH.rmbM@ xgdyimants et Exavhilegliiustriite WHaipedsert kwetitioa.l de of the sane &

solid wei ght Emetmrchmataltimd%emmCommsbbv@ﬁ-ﬂ)tha@mm% of the new

sweet ener 9l"§° ;) round ar;? gﬁfﬂ_ é}%;?:zrdl lg‘ttolﬁgml;slctftalerness
or astri ngg:en "ﬁ ) A{S mtrate 0.1% (WA} °
The resiy exsﬂﬁu at§b©5%%hﬂﬁag%9¢t4rmanﬁﬁ @swwa%b.detepﬁ REENL 10
the syr Up)an&mm Beéldiunt cafiondte, bnaREmittiire Waintubated dt a iy 1t 50°C Y@ thedeldayaavith n

pr ol onged aerttionavrbstining) Fhereautiant c&mbﬂmsmcmmnﬂﬂ’@ﬁummmMQmmmm 0.5 a

so- cal | ed spumtinsemawnium sulfate, whershy agrude enayme WW@&H P°“H'FV

o °i%%g§xﬁﬁtttwﬁﬁﬁ£m% e

sol ubi | 16,02 RIESD 8D fermin i B3 Héactis hn §ss§ h Giichi on

di ssol ve Iaﬁ&taaata&.vom oﬂ@wﬁilrﬁ—kﬁbh% Ohd urfitioP &8 .msﬂam msyﬁﬂaﬁiéﬁﬂ l'rh
concent r atehfyMmeltisat taviséd disaﬁwauacm iodin ataindn 15wmg sbhible stdieirht A0TCARIthid TEmBUREt ener
conposi20 dﬁ—(afﬂetamm nvention is di ffer ent from convent i onal stevioside 20

products or refgliz Mﬁ‘%’?’ mpteyia S vocFos Lide Psalpelapanh 20Q 64 n

that it dl"g'és @‘f@g ﬁg)%ﬂ“ r? g‘ﬁ %" |y
o S0 U g oo f;éa 'a’sf::?’ ML
can be 38 ighicdridtt Iﬁ&ﬁﬁﬂ*d&ﬂm&rﬂﬁ sHesiaed
| nst ant f wﬁtﬁmdm ot60°C &0 do hommamomnigtﬁaeaisomdmbmra@dnmm bme&fr 1oThe

sweet ener mj e Ina¢tivate the entvmelmhmmu (she nasujtan preparetibnabwesponss toeSnwad!mB

o e }%%W“ e mﬁ% "’ftjgg’ sl

di hydr och@hﬁauaa riéd IRt paviiies folm t@&b&eu toSampRNoC 8 i Table
al ani ne aryl Thé gontrols Wemdiobtainbd by sbnitar precegses usqudissbhﬂqn uymastmb suchas tha edaction,

fl avouri ngmgenu@ina‘amion plooess by\pating: the starting materiekueeddo) the entrolsiiegiven in Table
conposi 8%dns of the invention may be used directly In powder formor be 35
nmol ded into granul ar, spherical and tablet forns after adding suitable
fillers and excipients, whereas the 25 concentration of the syrupy

sweet ener conpositions can be adjusted to neet the final use, and the 25
syrup can be packed in containers or vessels of any shape. Since, as

descri bed above, the sweetness of the sweetener conposition of the
invention I's roughly equal ‘to or slightly weaker than the sweetness

i nparted by a conposition In which stevioside of the sane solid weight Is
used for the reaction, the sweetness varies with the ratio of stevioside to
al pha-




'CO‘syI sugar conpound used in the reaction. The sweetness attained .
n'g a stevioside to al pha- 30 glucosyl sugar conpound ratio of
:50-100 is generally equal to that obtained fromsucrose, d.s. . b.

partigl starch hydrol yzate of mal t ool ogosaccharide is uset,q; 25027 4238. 5
al pha=
than that of sucrose, d.s.b. Accordl nly, such sweetener conpositions can be‘é
used as a 35 sweetener which inparts desirable texture such as thickness,
viscosity, consistency, weight or body to foods, drinks, confectionery and
phar maceuti cal s and whi ch reduces the sweetness of the fi nal products. On
the other hand, if the said ratio.is | ower than about 50, the sweetness of
the new sweetener 40 will_he, generally _higherythan that of sucrose,
ds.b., and the sweetness}i ntenkifies inversel y {40 propgrtionally as the
‘rati o decreases. Renpval jJof the¢ al pha-gl ucosyl quge co pound portion from
t he sweetener prepared in a_gg_p dagce with the inv rﬁaon will increase the
sweet ness of the sweeteng¢res@ pbolit 50-j 00 trms~cﬁmthat of sucrose.
Further the enploynent ol $8@h|s v@gt negs- |.mtensrf§ sSweet ener for
sweet ened foods, drinks & ec:mf egm oa@y%l || om@'bt heir calorific val ues
since a 45 substantially]l 1 lsnt°(£ gr% pr ¢sBIEY Sweet ener is required
to obtain the sweetness gttaing V\&thﬁ“’ 45’-5ucr(sg°§§ bt her words, the
sweet ener conpositions o} the |jnvention can be ysed as jowcalorific
di etary sweeteners for opese pprsons, diabetics|and tor]those whose
calorific intake needs tp be rgestricted, as well as for| sweetening | ow
calorific dietary foods, |drénkp agd confecti onery, i.e.] the so- called
beauty diets, health diefs :;uid otfer diets. 50 § Morpover, the sweetener
O
(%]

conposition of the inveniipd=hn akso e ysed ag w-gariogenic or 50
| ow- dent.al caries induci é Bept eglgr sr‘mc§ It i¢ readi |y fermentabl e by
cari ogeni ¢ mi croorgani sng g- canE Be Ped |§1 I oy nic foods and
drinks including confect on‘Ery %3 esachg oI ate, biscuits,

o
26t
?

& g’yc!‘“""
' %-er

JBTE
cooki es, caranel, toffee and c |‘nEsoT't° dr| kS c as col as, juices,
coffer, tea and | acti c-a, et-ages—rr—eatcohp evler ages; as well as
In dentrifices, gargles @and phprmaceuticals. 55| Ji nce the sweetener

of the invention is conpftiblejw th and harnoni g wel I| and desirably with
55 food Ingredients qf afiditives Bhich have othgerEkastgs such as sourness,
sal t ness, astringencygbi te&@ .%nd pal atabjlifyE g0 inprove the taste and
quality of the final ﬁrojucgs al‘ﬁiwl s & gtii:_"::}ré cE nd tlhermal resistant, it
may be used freely In fopds, §d ' m},‘ CE @Tgry, besi des t he above
descri bed products, in general %‘BI r@ bl €&esullts and i nproving
their palatability. 60 Fuf ?_h?eg weei gner |may be used as a

pal atability inprover fof_feedp | ntended for 6D donestlic animals, cattles
horses, poultry, fish, hdney bpes and silk worng. The qweetener may be al so
used for sweetening varipus prpducts of tobacco} confedtionery, cosnetics
and pharnmaceutical s of vrious|fagns (in solid, paste, |liquid) such as

| i poream |ipstick, dent{friee| mduth refresher gg%rgles, bad- breat h

remover tablet, troche, >ug§r§ voﬁt ng drops of c@lzl ivgr 65 ‘oil, nedicine
of oral adm nistration, =Iy-.,-,Bsed as gustat ey i nproving agent, taste -
i nprover. 65 : '
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5 N : R
2 027 423 B 5°n order to incorporate the sweetener conposition of
the invention in-the above described foods, drinks, confectionery, feed
caosnetics, dentifrices, and pharmaceuticals, any known nethod In the a
may; be chosen, for exanple, mxing, kneading, dissolving, dép@ 027 @3 8 7
i AYer si Ng, perneance, dlspersing, coating, spraying or [nfusing processes.
5 > _TheE;p%J,,.Jng)/yingas@crg Ei ments and Exanpl es Il lustrate the present

| nvention. 2 (1) Comparison of Swdetiesy | Ment 1. Preparation of Sweetener

Conposi ti-on 1-%hd rordstatibrodfieiy @ite stddRitioivaldafugteld Wi fefePdnds® the (Fhliniary tadt

Baci | | us stresarsab hppronbpdte the swdtihdst. Rokiopartitil@dy, e soncamcatibmofalie dontrals wés adjubted s
of a st erb 9 gean ‘sanmercialized sevienide’ cangentiatien of 0ol B%yIny/v), whitathe eongangrptidn forte (w/ v
ammoni um nSypeigner %Eg%efwaswua?dpfsﬁ%rsegmmtwm"wé'nﬂqawé%ﬂ"éfw 9. 05% (W v)

magnesi um st a;'tz :'Q‘.’eg%age W) corn steep |iduar. feégcqugsd]c%s“"’/ V)
cal'ci um cayhilatdday fotién ofb & rtvﬁ'n%ﬂ)fﬁﬁ%ﬁfﬁﬁﬁbﬁﬁ@ﬁha cr they SR tedt i 50C
for threm eayederdr lefs shesthdnthe sub@dsddolukibn. MEb testiWere Porbriheddt radkt tempdatiRtWitheas 10
cent r i f ugedargehef 20mEmbeasciig resnits aelisted &l Tab-20ut Wi th 0.7 saturati on anmoni um
sul fate, whereby a crude enzynme preparation with an activity of about

80, 000 units was obtained. The enzymatic activity is assayed as follows. A
m xture prepared by adding 02 m of an enzyme 15 solution to 5 nl of a
solution containing 0.3 g/dl soluble starch, 0.02 Macetate buffer, pH5.5
and [ERRIM 15 [ERR] was allowed to react at 40C for 10 mnutes A 0.5 m
aliquot of the reaction mxture was collected poured into 15 m of 0.02 N
[ERR] to termnate the reaction and assayed on optical density at 660 nm
after addition of 0.2 m of 0.1 [ERR]-KI.solution. One unit of activity was
desi-gnated as the ampbunt of enzyne that caused di sappearance of iodine
stain In 15 ng soluble starch at [ERR] within 10 mnutes. 20 1-(2)

React i on. '

20 "Commerci al i zed stevioside", Stevia Sugar (Mrita Kagaku Kogyo Co.,

Ltd., Osaka, Japan), 200 g, consisting of roughly equal anounts of purified
~stevioside and | actose, hereinafter referred to as "comrerciali zed
stevi osi de" and naltodextrin, D.E. 30, 1000 g, were dissolved with heating
in 3,000 M of water. After cooling to 60C to the solution was added 1, 000
units of crude cyclodextrin 25 glucanotransferase obtained | n Experinent
1-41), adjusted to pH 6.0 and allowed to incubate at a 25 tenperature of
600C for 40 hours. After holding the reaction solution at a tenperature of
95C for 10 m nutes to Inactivate the enzyne by heating (the resultant
preparation corresponds to Sanple No. 3 in Table 1), the filtrate obtai ned
by filtration was decolorized with a small anount of activated carbon and
‘then dei oni sed by passage through the |lon exchange resin Anberlite

(Regi stered Trade Mark) I R-200C 30 (H Type) and Amberlite | RA-93(CH type)
(Rohm & Hass Co., Philadelphia, U S A) at SV 2. 30 Subsequently, the
solution was concentrated at a tenperature of [ERR] or bel ow under reduced
pressure and dried Into powder form (the resultant preparation corresponds
to Sanple No. 4 In Table 1). The controls were obtained by simlar
processes using dissolution by heating such as the reaction process and

| nactivation process by heating; the starting material used in the controls
Is given in Table 35.1. :

35 '
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7 Experinment 2. Taste Tests 2-(1) Corrparlson of .

The concentration of every taste test solution was adjusted with
to the prelinnary test results to approxi nat eGBI2 030e523nN@SsS. 8

v

I\/bre partrcularly, the concentratl Oon ol _tNne conrors was adfusted- 5 to- i ve,..§r
a "commercialized stevj cancentration of 0O 1’%%(%@/) white the
concentration for the |5 swdetener _.of the invention was hdjusted to
correspond to a concenfratggqn of ESZJ%(W/V')- ob "womnesc| al i zed
stevioside". The test pan menbe-r jave thelr svveet ness| sensory results
~with reference to a su,ros§ Cgramutaped—sogar-—sotutt+em—pf a certain .
concentration, stating|whefher they |bund the test solut]jon 10 sweeter or
| ess sweet than the su:r,psg soluti @] Jhe teste were perforned at. room
tenperature with a 1p%agdl of 2@ prenbers. The results|are listed in
Tabl e 2. GB 2 027 4p3 Bs o _ _ o
GB 2 027 423 B 9. Ab thg resultg ghown in Table 2 ind|cate, the
respective ratios of tphoseayho ans ed §anBl 2N @ "Swpeter” than the 6%
-and 7% sucrose solutiops to |those answered "l ess swept" were 13:2 and
10: 8, whereas the rati pSWerne & I2and 116 for e d 9% sucrose
sol ution. Based on the|closq ratiggf was concluded that| Sanple No. 1 and
the 7% sucrose sol utiop g apprggl hat ety ¥gidl A N85 Bweet ness.
5 Sinmlarly, Sanple No] 2 f®rd the ™% sucrose sol ution e rated
approxi mately equally sweez [DASed ONf TNe  SWeeter — to ss sweet” ratio.
Accordi ngly the svveeten,pg-power of, fSanpl e No. 1 was concl uded as
corresponding to the 7’0§UEI‘ ose sofgut ron> Skmiv aMl yo tdg sweet eni ng power
of Sanple No. 3 was de} & nérled as &ofresponding to that jof the 10% sucrose
sol ution, and Sanple Np. 48t[cThe g% 10 SUCrose sorurtor}.
10 g § ~ 0~ 9 'o_ ~~ N ©
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Sanples No. 1 and No. 2 based on the anmpunt of "commercialized steviosi dg=
used in both Sanmples, d.s.b., and the sweetening power was cal cul ated as -
b}jt 53 tines of that of sucrose Sanples No, 3 and No 4 were al so e
calful at®d as having sweetening powers of 50 and 45 tines r&&3e027 vi@ByBof 9.
t@ of sucrose, while 15 they were roughly equal to or slightly [ower than
t hose of Sanpheme Pdsuits 2hosvn Gh Thalale 2 idicdte) the rdapctivaretidsgf thokbavho hbswiiibe Shrfislé M 1 POVer S
of the sweésvaeter” tharetheF¥and 796 auccse shiutions withdse whearisyyered tlpssisweat’éwere 13:2 and

appr oxi mat ép \! %ﬂs"'rdﬂ‘é% were; ‘rﬁﬂ"&”ﬂ&ﬁ%’r#%?ﬂdt%“@?e@t"é aged an tha closre
anount ug eg;v% fejuded that Se "’ﬁ?nb%ﬂdlt% §ugrose soliftiorswears pppraximatety pqual in

Séu%nl

Conpari son TR Nos BRndWok BychRidiflor woradithd & gzﬁntat iy Meet 2) an®
sweet ener s pgded b ﬂggudg%\‘etat le%vzgtam S coWinglyptha BRledtbhin eiy o éy No. 1 was
sweet ness qoreludéd/as corresponding to the 7% sucrose solutiodOSifiatyhé sviseteding ﬁd%er@f Sdnipte Ndbove
Sanpl es  weRovap detpranined as eorgsnonding towkas bfthe $0% sicrase siutidin.ragd Sampieie. |4\1'ethy 9%0

t hose of!% ﬁ'é‘"!?%f""i‘@% and 15% aqueous sucrose sol utions b aI CES ti.on oly 10

orgdi ee 1-and
the basis 9 o ‘tf% h% Engg:t E%.W@mz%?f’mde e “’Wéa‘?ﬁ Eﬁﬁ A
menbers weg 9@55%&:@“1 5B ARAD SrERGR B AL S o4 were
aqueous sowa emra:afas smet powérslof§0 wsqs&mebveep&mw aa\awtsher&éaam%
nost desisr abIVWeamhwheqmtbtor sltgdmeowabﬂae tiwaeeftSaaplas Noidlant Ho. 2T netireesords, shear g5
|isted i n Paedtenirg powa§ of the wezengzﬂem@g irf@ccordange \[vm inventigr] are approximatsly

GB 2 027 4 @aao or S"shﬂmrw %é?fé '°P'j‘?)'ﬁ1"t°ﬁé‘°f="é%‘a?“ca§ materidlapl e 3, the

ri
sweet ness 3:1"%’530 .m%rmam s b, PLNI2) o sm;e%e@%ﬁg as
nost i nfgy ,,Q,gmﬁ,p,(g% e_g;ng% ,f<§ fTerences were notedg
bet ween Sanpl esqubbus sdiutiinelofYhe abdve eea&rddreﬂa&ded@wa dwhathedskorrasp@ingess
qualiti es odspétingl} shdsipof te 594 0Mand 45%equeosperpsesplutiins by ealonlatiemoncthe losis of
sweet ness. ﬂEs’WLtPhith Gxpetiment dr-t{ HeFhe Parnelezazemebe;raypfe '@HW?@R@OS@MOQMS

b tag F‘%o@ P gHRs jthy the
$hie%§pongé°§'¥?gﬂ?f S mpetin R %'ﬁ%“é‘%“"a T Dol sy o 2
Tabl e 4.

GB 2 027 423 B 12 [ ERR]

Accordingly, no differences were noted between the sweeteni ng powers of
&
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13 As the above test

st ’eside or m xture of stevioside and ot her
t Re 'rvgntion have a mld, ( , d |

results show, unli ke the conventi onal
sweet eners, the .sweeteners of
round and pl easant sweetness closely

rededbl i ng that of sucrose w thout an undesirable |ingegsngoaftss-gast go

GB 2

and Are superrati Ve SWeeteners which rnpart to the-nouth directly a

pl easant and enj oyabl e sweet ness. 5 Experinent 3. Conparison of Solublllty

(d;(:

5 Portions of Sanples No. 2 and No. 3 prepared in Experinent 1- (2) wer e

transferred into test tubes,

allowed to stand in a room nmai ntai ned at [ ERR]

for 15 days and their water solublllty was conpared. As illustrated in the

drawi ngs of Figure 1, Sa

remar kabl y |nproved 10 -
10 Sanples No. 4 which
Sanpl e No. 3 was a so- ca
.al phagl ycosyl stevi osi de,

di ssolved in water and th
to forminto a paste. 15
St evi osi de

obt ai ned in Experinent 1-
wat er - sat ur at ed n- but anol
separating funnel, and al

present in Sanple No. 4 we
and the n-butanol |ayer wag
under reduced 20 pressure|

di ssolved in a small anpu
added, and the resultant
pressure, and pulverized, |
was obt ai ned. Sanpl e No.

odorl ess, white-colored a

and pl easant sweetness. - |
as net hanol ,. 1R
chl orof orm and et hyl gfhe
tabl et nmethod) is shovgh i
recorded, but no charatte
sol ution prepared by diss

of water; an aqueous sol u}.

case of Sanple No. 5 and
spotted on a thin layer p
Jersey, 30 U S.A), and o
sol vent system of chl or of
| ayer plate was air-dried
4.8, in which comerci al
di ssol ved, was sprayed on]
allowed to stand at [ERR]
drying. Thereafter the p

35 devel opnent of the platie _was
Sy SPr ayed
q§vel ped/fo gi
3

After drying, the plate
sul furic acid, heated and

T2
i ned
o
i fyi

nnll

d an

becane white turbid,

trapsparent and had a

[~

ng,

wher

oncentrating and drying
in constituents such as

a- d
S S@

| ucogyl sugar conpounds were

hi g

that it - instantly

nt®fion it freely dissol ved

ifcati

| Y

n of Al pha-gl ysosyl

v

200,

ned

grans of Sanmple No. 4

ol vefit system of

) placed in a

onpo nds and gl ycosi des

ith the solvent system

ryrn
t he
20- ¢

cted
wder

t he obtained solid
dried product was
pxcess et hyl ether was

dri ed under reduced

product (Sanple No. 5)

hd neutlr §B $ubst

al so ds§$

25 et hanol a

i aP1y

ifly I'm water, and was an
t hat

had a mld, soft round
in |l ower al cohols such
readily soluble in

T

25 of Sanple No. 5 (KBr
vi ol et spectrum was
was noted. An aqueous

nfl ¢ No. 5in a small anmount

ied simlarly as in the

P as a control were

ck & Co., Inc., New
was carried out in a
D--20: 4). Then the thin

d 3®
ficie¢

ing

bt at e buffer sol ution, pH
oanyl ase was :
t@en the plate was
precaution to prevent
nfly and two di nensi onal
sanme sol vent system

e

quality
5% sucrose

- Sweetness
solution

Sweetness

10% sucrose
solution

hanol
e.

15% sucrose
solution

Sol ution containing 50%

Note: Figures indicate




chromat ogram shown In Figure 3. As can be seen fromFigure 3, In additj

to a stevioside spot (Rs 1.00), small spots of. rebaudi oside A (Rs 0.88 d
rebaudi oside B (Rs 1.17) were confirmed by the result 40 of one di nensional.
developnent of Sanple No. 1 as a control. V%ereas t he result of the P

ﬁ;Paudlosldes Si x nem/spots of substances in the decreaS|ng order of Rs
€. , AfSppareRBronhie Redlid in T361e@, thd swédtneds qudlitieR5t the &ﬁtrﬂ&@aRﬁIeQNéla wer e

devel opedindihi X; versmord dembglirddriotlatagery degree ohgweetnegs, th(gho, difeegncesivebre doged

respecti \/49 en SamplpeNoy (! tﬂncb'No Rviwheri¢agitisxilagntiat thiesywsetnpsemy elmemféﬂwe'els Nméraeﬁl n

T ﬁyﬁ? aﬁ%t%gggg prob e e Sapa s vsﬁgm@%c%’g?ﬁ PR oS | Bom

substanc steV|OS|de and spot (Rs 0.45) of

D- gl ucose, from substance 1b); spot of substance (b), In addition to spot

I Rs 1.00) of stevioside and spot (Rs. 0.45) of D-glucose, from substance
(d); spot of substance (b), In addition to spot (Rs 1.00) of stevioside and
spot (Rs 0.45) of D- glucose, fromsubstance (f). Simlarly, spot (Rs 0.88)
of rebaudi oside A and spot (Rs 0.45) of D-glucose 50 originated from
substance (c), spot of substance (c), in addition to spot (Rs 0.88) of

r ebaudi osi de A and 50 spot (Rs 0.45) of D-glucose, from substance le).

It is apparent fromthe results that substances (a)-(f) were deconposed
‘respectively by the action of glucoanylase into D-glucose derivatives of
stevi oside or rebaudioside, and finally into D- glucose and stevioside, or
D- gl ucose and rebaudi osi de. Therefore it was concluded that substance (a)
55 was a substance in which D-glucose was al pha-1linked wi th rebaudi-osi-de B,
and that substances (b), (d) 55 and (f) were substances |In which one nole
of stevioside was al so al pha-linked with one or nore noles of D-glucose. In
ot her words, it was concluded that - the spots were al pha-nmonogl ucosyl

st evi osi de, al pha-di gl ucosyl stevioside and al pha-triglucosyl stevioside,
respectively. Simlarly, it was concluded that substances (c) and (e) were
al phanmonogl ucosyl rebaudi osi de A and alpha-diglucosyl r ebaudi osi de 60 A,
‘respectively.

60 Substances (a)-(f) deconposed Into stevioside and D-glucose or

r ebaudi osi de and D-gl ucose when a partially purified al pha-gl ucosi dase

. extracted frompig liver was allowed to react simlarly on them Substance
(f) was found to be easily deconposable into substance (b) and nal tose by
the action of commercially available crystalline beta-anylase. 65 From
~these results, it was concluded that substances newy fornmed by the action
of al pha- 65 14 ' .

GB 2 027423 B 14 gl ucosyl -transferase were substances in which one
nol e of stevioside was al pha-1inked with one or nore noles of D gl ucose, or
in which one nol e of rebaudi osi de was al pha-linked with one or nore noles
of D-glucose. This suggested that these substances may be deconposable into
stevi osi de or rebaudioside in vivo in human or animals. 5 A sanpl e
prepared simlarly as Sanple No. 5 was applied to silica gel colum
chromatography 5 using a solvent system of chloroform nethanol and water
(60:30:5) to isolate substance (b), which was



then dried to a powder. The substance was an extrenely readily water- i
bl e,” odorl ess and white colored sweetener with a mld, Soft, but
pse sweetness and a pH value around neutrality. It was partially

sd| blle in.lower alcohols such as nethanol, ethanol and n-butanol, but not
r eadi sol ubl e in 10 chloroformand ethyl ether. The inggay in8¢ giegt rugyof
subst ahee—bi—h eI ab-e—retret—s—shevm—ir Qi -

Sanpl e No 5 possesses an excel |l ent. sweetness, free of a |lingering
aftertaste and is extrenely readily water soluble, simlarly as Sanples No.
3 and No. 4 enployed in the Experinment 2-(2), the purposes of the invention
which I's to elimnate the disadvantages of stevioside, can be 1 5 achieved

by al |l owi ng al pha- gl : s sol ution

. conprising steviosige 15 and al pha- sbigar conpoygnd to form an
al pha- gl ycosyl stevioside-clont gigni ? qompa@itiont Ex@mle | Five liters of
a sterilized culture med unj cbnti (@ nd A0E & V) I@? 0}1% (W v)

- potassi um di hydrogef phesBhptas O. By ((v@ 2) arfhon) gnf §id Bat ¢, 0. 05% (W v)
magnesi um sul fate. |ERR|g 0 05,;5{020%%/ sretags| wh e} 83 de, 0.2% (W v)
pol ypeptone and 1% (v v)8 gal @ urfl 8&Dqre. w3 8h @B >¢parately dry
heat sterilized and|addedl asepBiz8IS |tp St §Fg %ém gdbgul ati on was
inoculated with a sfirai n of Ecggﬁlarigzﬂsgg“ %@ gdSigntubat ed at a
tenperature of [ERR]| for 44| Ko&r%&®wi & H 2&Arfioh P e F15 g. Thereafter
480 g of the wet nygelTa obfalped fropithe cultufe broth was added to an
M2 acetate buffer dqolutionfpH25.3gn |4 Myrea 5 litgrs, the resulting
m xture was all owed|to s§anfl g a2 5 |tegferat ure ;a8 -£300C for 40 hours. the
supernatant of the i xt e Wi di 8tyzqds avlbEnj ght SdwBifgt |25 running tap .
wat er, saturated to |0®9 g@’r)ni_grﬁsgg at%§=a§ : %tg)=§§%d at a tenperature .
of 40C overnight, ard2th$§ | rG@gnie Di P g EA BT &djby - '
centrifugation. Aftdr sus@ehdtrg BIgs qreEipE PE4@= 3l | of acetate
buffer (pH 6.0), thd mix®ur¢ 38 @ |8 g B Ef;legsa@?rat ant was used as
al pha- ‘glucosidase ([E.C.3.2| E2RESD |23 225G @35 2&d| stevi oside" (15
g) and nalt o- dextri N—tbE—o—380—g—i* cH e b |iter 30 of
heated water, and tHe mixtufe was coollefl tzo [ ERFl £ added tpe above
al pha- gl ucosi dase sdl ution ang allowed ¥ @ $8and Egoé-lga and [ ERR] for 24
hours. The reaction |sol utionf Q\@heatecggoggnact'-ﬁ%gsh enzyne therein
~and then filterede Thg fik|atg§Has dgiDrised b_nE igng if through the ion
exchange resin Amperl igte I%? g 20B8(H TypE)e &nd egrgi:te | RA-94 (OH Type)
(Rohm & Haas Co. @ Phji Fadel. iaeU. S. AEoand W aglcentyated under
reduced pressurer The resul {igg %gl utijonodoye a [ §gEd sweetener 35 with
a water content of 3]0% (w w}. 2 §&3yi elﬁggfsg% Il & @Esweef ener was 97%
d.s.b., against matefial. The® B8t end® &= Thodt VD>t i nels as sweet as
sucrose, d.s.b., frep of a [fingering unpl easant [afstertaste Therefore, it
can be freely used ip sweet g¢ning_vari L;é;:f: gds, d€ignkg and confectionery:
Particularly it can pe used aﬁaagl ow cjag Eq@ni c s_ﬁa‘fgner because oral
cariogeni c m croorgapi sns 2 #@&Exmot ¢ rﬁ&-gfi t | n‘&;(s%l';vvat gr insol uble
gl ucan. T E| 5854 ggo23 40gB@Bple 2 A strain of
Baci | | us megat eri um FERM I8 NoZ =038 was 2gctEl atddsiE 8 5 ljiters of the
cul ture nmedium of Experiment| $227), aJn,glc-,t% A i xtut‘:é§as ilhcubated at 28C
for three days with peration 8stisStirrj@geafa er gge'?gagncubati on was
finished, the result|ng cul judBBRot h | e B8R rif getis and t he
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45 supernatant was salted-out with 0.7 saturation amoni um Sulfate and
centrifuged, whereby a 45 précipitate was obtained. The precipitate
cont ai ned 300,000 units of cyclodextrin glucanotransferase (E.C.2.4.1.18%
as ,assayed by the met hod of measurenent descri bed in Experlarrgrg

a\3096 s TVAY. A Hot-at-o a-c-h -G vas—added-—aZ ¢ <y e o=
‘ayjl | abl e Ilquefyl ng enzyrre 0. 2% per dry soli d of 50 starch, and t he
m xt ure was IN:ﬂbeﬁbO&dtesUnsuitml'@wsth njikegthe GoAIRIRE lonaT#e"@@eo toredf steviesiderand:

Mot Sat“fgs ST E;ﬂ S?Pgai;q?ggwhq 'Bvez&;"iﬁﬁfg Eﬁgsg o “ﬁ*%%aﬂm the

I|quef|e mrer ci al i zed

" stevi osi de aml:sdnb be%nﬁ&E Na zﬁnd nars ;bra&aratnambmﬁwlmmmtearandeﬁedbmo e °
m xt ur e wasbesatidves to sxa:icﬁRR omayaiitaidebet 4 Cifog 1 idays aridrtbastater adlabiitawasdded (10
units per cgmpareds t“%n" teg jircthe drawinas of figure 1} e Ngn @ cryptaliizd gndibecaype wiiitehour s.

After 86‘!’@9'@1'('1 '%'H%?r?é“'P fnventian F‘%’&E‘P#B smfmtavdehasy refeaskaply dmproved
resul tah rpes.\é%m Y w ﬁ ot E‘f( &y 8 .eﬁpa%@srat 8
under 1 edygeg el sond ¥diGtionivh t.a \Wipha-ener
was obt ai odyrhuaarysbraﬁdnas‘wabmutualmowadsm@the&mwm s&“ﬁﬁﬂﬁﬁeihsfmﬁl?/ only
slightly hiisgot ater, and thatwven atdgh comretteatidh EfredBmusspmd mmrmﬂnt@@ba;tﬁ lity was

so hi gh15zfm”?"9 5’3@!“9@[9"@%&} E%'w\fswvb‘-'dP@%t and even at

concent ratl mi%i an a g(?ml) nd?al::al'&‘p )glace .L(f éﬁl %%t%me da%:ﬁes

sweet as .Ep nds O IS B bl ractdcl bt
pl easant Jﬁ@ n® ta @&ﬁ&%d AitehipYing He |ﬁ'Jd hder b u§ed _
sweet engo peea§u VI AG!)/BE dn@d@eideawagdibsﬁlvaeaesmmo tiof neettaealj thérd v | thg
i s.sui tableaceasset&wlehbcrtvalsadd;m aedt rrqsulem prvep-amvdscmllesuumﬂereurymedtemressure
Bxampl ¢ 32 sngguliverized, whereby §0Q t(Gemple Moy GhpeabiainedSampte
(100 g) %d@ﬁ"f’dv H@telr 1:, %{ whitg-golored and utr?l su lstanc?1 that a:s a )

nt sw 3] ness I is partially i Io r alcohols su ethano
2 Bl MR

bacteri ykma amaméhaﬁem(@u@z?m@o&sasrav.oﬁe‘sdae ﬁﬂﬁl &, Co.",
Ltd., Tokyat nnbam)rjstie #bsbibancaspedtiim ks ddledini t s (as assayed by t he rret hod of
Exper| ment 1-Anlaqueque solytion prepired bydisshivingial pdrtiert of Sample No.samasmﬂ@rﬂoon dEiRile

After the an M%ersaehmsw §9mva'h@° s1tp&rif¢e|# seﬂ'ee\dﬂs "mecqﬂesafc 5 rasbm t!evbof[ ERR]

and al |3 iy ;’P ve aghﬁ" ﬂ & TRt s 8O
o esont 1 08 % et m"ga i Rty B o 0
the sane BaMRssutds, dl-ﬂ- ews;mnmt v §licoa sts@a‘i@Hrﬁe dried
and pul Velspriﬁdpntﬁ%&lﬁuﬁhVarﬂlsMﬁdﬂfanWﬁWsllm 10 St d’iﬁd°0fﬁrﬁloy1bﬁb€hkm6 about
95% d. 85 brecaution topeeysmsdevinglithoresfterithecnlateyad dirtdried suificientipand twé dimieesicmke et enerss
obt ai ned FWGERQHRPB"Q platgryyps sarded qut usingtheamgispluent gtemoAligi drvingthe plate wag o
Exanpl e 4sprayed a methanol solutlon containing 50% sulfuric acid, heated and developed to give the .

10 A li qu '&:E; wn In ’93 gﬁcgggﬁaﬁ\@& m Figu 3 in ;on stavnosnde és:éot éRs od by

the sangy Réned eaaoﬁanddaxu ohﬁmem %ass@h of théléhr a1 o
di ssol ved Samplaiverscshaws medbatdwsposmdaevkamd aLrebangiesidds, six rielvi spéts afsDbEtncex in
mat eri al thesdeerpasingoniecefRs valieyie..&ia 1.08Rs0.80,| Be@ 67 Re Ri6RRs X5 1ond RoBldRtweren
developed, which were designated as (a), (b), (c), (d), (e) and {f) respectively. -
The result of two dimensional development obtained wherein glucoamylase was allowed to act on
45 Sample No. 5 revealed that spot (Rs 1.17) of rebaudioside B and spot (Rs 0.45) of D-glucose originated 45
from substance (a); spot (Rs 1.00) of stevioside and spot (Rs 0.45) of D-glucose, from substance (b);
spot of substance (b), in addition to spot (Rs 1.00) of stevioside and spot (Rs 0.45) of D-glucose, from
substance (d); spot of substance (b), in addition to spot {Rs 1.00) of stevioside and spot (Rs 0.45) of D-
glucose, from substance {f). Similarly, spot (Rs 0.88) of rebaudioside A and spot (Rs 0.45) of D-glucose
50 originated from substancs (c), spot of substance (c), in addition to spot (Rs 0.88) of rebauduos:de Aand 50
spot (Rs 0.45) of D-glucose, from, substance (e).
It is apparent from the results that substances (a)—-(f) were decomposed respectively by the
action of glucoamylase into D-glucose derivatives of stevioside or rebaudioside, and finally into D-
glucose and stevioside, or D-glucose and rebaudioside. Therefore it was concluded that substance (a)
55 was a substance in which D-glucose was alpha-linked with rebaudioside B, and that substances (b}, (d) 55
and (f) were substances in which one mole of stevioside was also alpha-linked with one or more moles
of D-glucose. In other words, it was concluded that the spots were alpha-monoglucosyl stevioside,
aipha-diglucosyl stevioside and alpha-triglucosyl stevioside, respectively. Similarly, it was concluded
that substances {c) and (e} were alphamonogluoosyl rebaudioside A and alpha-diglucosyl rebaudioside
60 A, respectively. 60
Substances (a)—(f) decomposed into stevioside and D-glucose, or rebaudioside and D-glucose '
when a partially purified alpha-glucosidase extracted from pig liver was allowed to react similarly on
them. Substance (f) was found to be easily decomposable into substance (b} and maitose by the action
of commercially available crystalline beta-amylase. :
65 From these results, it was concluded that substances newly formed by the action of alpha- 65



gl ucgagtransferase (E. C 2.4.1.19) per gramstarch, d.s.b., and the nixtur®e
hiected to reaction at 15 [ERR] for 24 hours. After inactivating the
DY heating, the resulting mxture was purified by the . .15 nethod in
S pht 1-(2), concentrated and dried, whereby a powder sweetener was
obt ainegl. The resultant sweetener was a mxture cont ai ni ngBaz; Eﬁg gjsyﬁosyl
st evi 05[(]8 ot prla gl y(..UbyI SUCTOSE et T., whererr—tire—tastes—of—these
conpounds were wel | harnoni zed and exhlblted an excel | ent sweet ness

st o e e e L o

he svgsu&bsade ih $ive R Wum or'aﬁmﬁlssu ner f or pr 0
cont ai 18 Ny aAsampl@grepteduiiiapy 4 Shimpfe NolI6 Waegppliesad silicadfel ddlun chrRiarglapRNer Y. g
and pi cklusing aiselent syswavafj chidrefatm, nptidneliandwated80:30 510 isoBtasoisstirioe (b whicheaer i s
hardl y cdhﬁﬂé’rf%@qmwde vbstqnnwhﬂoleetrmwawﬂbya@rqwlublsamorbyemcb~hlte .

m cr oor gé’ﬁ Rj&g ;g.nower a%:gzolsglfsﬁt’:t’#tas ﬁﬁhee}:‘gf méT" tanol I’t:I:Lt noﬁa‘?ﬂl tsg’?:"?.nd
e

drink 51
o5 T O rereact de nvl aeéhe'a gtéecur\flr%rea spectr of substanc? (biby tgs KBr tasbleC rg?trhodel stbod\g[n in 10
exc ept us i ngslac@m Mo B osbusses an b)&élﬁdt @weudesssﬁee\br SFirigdfing afidriastd anfl Iskeda Tohka
| ndust ri extreely readily wateF sdlubleasimilarly apSan)plasdVot 3ami Nvg4 emblyyedd lirothe EXpedtettevi osi de

oo e 3?“55”““ R
a remm en
obt ai ned g a’ﬂlucos‘ﬁrl g‘m?edlgfgoé?'aggqﬁn%w‘g’eéﬁ?‘g%fé& f&ﬂﬁ?"}’?@é“’ "A | arge
anount of ’e‘Oe I&érﬁbﬁﬁté"mﬁﬂ}ébl dréhadish el

r ebaudi ogiitgeroferphbsphahe®T% W\tr)bﬁsnodm&n mth%gﬁ;‘s 2’?&;;‘{ :2?&%&.%%@&

sweet ek riwivipoténgsium tigoride, 2% Mv)mwtqns wut% bdv) calpidmearhoriate wisehovasn 20

sweet eni rfgPasately 8’@@"‘?‘6&8‘5‘9" it“? "@ 98 "%{)ggﬂ B w $inpeulgted withz

u h aer
I'n the p'r’f%g'g(ef' %fgm ﬁégﬁ ‘i{ ﬁﬁ rom hec turebén?thwaglf, rfw §? E@"l ng
material g s&&%pﬂs ere a §lﬁ:@4 y In
pr oducis tSrH atarS ob30° CForiDhours) t uﬁ&n&&nt% ﬁ\d:tm 6Fove Waﬁﬁter ved ,g
f oods boirlmthgdapwatensaseyted @D Scarvharivm sulfagp) adiswalto sandistla tatperati® bt 40Ct - because
it uses Zersight an "rfh‘! UP?'%ﬂateé wateecoliscted ibp canttiugatior Afterauspbmiinar thaiprecinitazetin a

cheaper (fgfgtwe a *{;%—PL Heminyre wassenisifiged psihe.supemesant s uase aale!m e 6

40 One, d9f(1 UGS P3RS 8GarWRS £ HotSdd ved lwa
| nocul 5 onbo rlinem e omiuﬁbm@fa vebeggajP?efss Y '"°"°'
0. 5% (W \e)ioweia6 btafkdtipA®LO and 5896 fov\2 4/ houROTHaSSdCtidh SMH6rPDYsheed Euﬁte tge
(W v) di pommsmmh teredHihe filrateovas GeiGrilded bypaskingria thmegh thm-mdxémh@ ra%-&o

and 0.5% m’ﬂPP VQP’G?W Amberhite IRA1c194 (QH Typel (Rehm ms §e- hiledelnhiat .o

stati ot ‘923 %;wqra ererwanqse w -qsmeetemr 185
water e a at I
was_cent wht@gsﬁ:ﬁﬁm i 3@ i .,sm : uﬁﬁﬁaﬁé" ug!
react i on gfghdste. Hardidre, freelly usédl]

sweet ener, VRdredulaBpit bantie uskiés aVdnbcalibienic &R tmr ﬁhcyusebm af.og%hmm.cr
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used. 44 sifernstdht ﬂ s%ﬁ&tﬁ&lﬂ With O 7@5tu%\ﬁ€fe rfbritn sifatd-and ihUh Eé?ltnflﬁéﬂ %reH or ghd
pi ckl es @recipitite ads otegjaddabl es.
The precipitate contained 300,000 units of cyclodextrin glucanotransferase (E.C.2.4.1 .19) as

assayed by the method of measurement described in Experiment 1—{1). To a 30% (w/w) sweet potato
starch slurry (pH 6.0) was added a commercially available liquefying enzyme, 0.2% per dry solid of

50 starch, and the mixture was liquefied continuously at 85—95°C. The deoomposmon of the mixture was 50
effected at 80°C to a D.E.20, and the liquefying enzyme was inactivated by heating. “Commercialized
stevioside" was dissolved in the liquefied starch, to give a mixture of one part of * ‘commercialized -
stevioside” and three parts of partial starch hydrolyzate, d.s.b. The mixture was cooled to 50°C,

- cyclodextrin glucanotransferase was added (10 units per gram starch) and incubated at 50°C and pH -

55 6.0 for 48 hours. After inactivating the enzyme in the reaction mixture by heating, the resuitant mixture 55
was purified similarly as in Example 1, concentrated under reduced pressure, dried and pulverized, -
whereby a powder sweetener was obtained in a yield of about 95%, d.s.b. Since the sweetener was
only slightly hygroscopic, it was easy to handle. But its water solubility was so high, and it dissolved
easily in cold water, and even at high concentration to form a paste. :

60 The sweetener was about 15 times sweet as sucrose, d.s.b., and it possessed a mild, soft, round 60
and pleasant sweetness, free of an unpleasant lmgenng aftertaste This sweetener can be used '
whenever sweetening is necessary, but especially it is sultable as a dental caries preventive and low -
calorie sweetener.
Example 3.

66 Potato starch (300 g) and “commercialized stevnoslde (100 g) were added to one liter of water, g
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Further, the above seed culture was inoculated on the sanme cultdre nediu
as above, but fromwhich purified stevioside was renoved, and the m xturA4
was incubated sinmilarly. The thus obtained culture broth was centrifuged
gﬂr}d t o45he supernat ant was added cal ci um phosphate geI Teen to2e 423 B
Xt ur

ant ri fuge to re r the 55 |c um pho The dextran
Serase (B B e S ﬁtgﬁg o
concentr btﬂ&iéeﬁéﬁﬂe S1'—0('1)) hlabd Re sﬁ

phosphat eliquélattion @fthé stakéh atda tﬁenn reSwa G50 tb B0 SCdridalicvedas stadd fmd diya react
on 5 | i § eAtserdfactivating the algha-amylab@prasentjn Hirgsulting mixtuoe kydheating th©mbivre wasv ) 5
purified Bltﬂéied -osﬁe@ematna "55'BE’athO%C#f‘G'Pte!O"q?DG#%ced Pmsere driedend vat i on by
heati ng, P44 ‘@" wee '?P&L Q‘a 1"fay€t1’°f zhg ed in the
sane rrann s Pickadlts 'arq‘\‘/ﬂw"reaﬁ t?‘”ae‘éb‘" tiaioetn ’fa"?ﬂif? amtalieded 1 n
a yiel qloo X3 g . ‘Since the aI pha- gl ycosyl stevioside contentqygn

t he sweet enel |medmmm&iad (309 (wAelmad 6D M 5)vees @repiredbydth sameQvgthddras in
i sonmal t osExample@vinwzhaliguefied statch easadded ghdidissoived ‘Commesializdd steyivsided gndsyaobaided
that the sf\ﬁete'tcquunmgw&"ﬁhss@tqmresnewmt @ﬁthsnedqﬁépem'@ﬁofstc@ywm de was

al p ha_ gﬂm se(ECr2. ram stggchyd. g mixture was subjected to reaction at
GB 2 0 % ﬁé‘g f ours. ﬁ:ﬁél 'éiﬁ% EF e b h sultin mlxture wa rug&t! by the 15
n Expe men E f
di ssol ving t aatdﬂe ey Eesm eeal v of
Mal bit (f ﬂmd)sg I‘eﬁ:d Glh&ﬁ*\&liett@dtesﬁ] ﬂidﬁb coH@BnﬁiHs Wﬁ@t\o\ﬁﬂhar ent

Ltd., Okayweetesskaplitn Thivawbetanenyasebdug h5 timemBisvea s spm:lse Utynava:a dse‘d he asweet ness
was eqadl svtaetenmar mhv gm. [Eeregiatiyagince e reducing ppwer of/thp eneetgmers lowpisis awuitablener 20

was abouts"'t%i "t'?%ﬁ'""@?facyﬁ@? @teins such as foods, drinks, confectionery and
iC t a t
5 e S P e
conf ect i ORQALHAS or ose ose ca I'Cintakes are restr) ot ed

obese ngg@ﬁ}ﬁlesdl abetics, the figure-conscious and wei ght wat chers and 25
can be al so urseesirrdlrdaeﬁdria; dessrilied tiralixb@ingpt 115-(2) Bias ctried@ut dxeapt asiigcth gneenishvat er

i nsol ubl eo etmbmdlceldpstad@ﬁtdeoﬁ K'bﬁda@hkﬁ qle,sCm btﬂeﬁtkgmasma“’ centairjing

suitabl e "I egoigli
10 Exagpl t% f aé °‘°" %%’%‘si Hg &Wﬁ‘.‘%&hﬁ e (28
g) prepar e‘AE'arn omldh |¥sld etﬁéd’ﬁebi&

pul veri seglydoauge\aosma er sweet ener. Its sweet ness was roughly equal to that
of sucrose afibe swestepawdsbourclO tines bs sweetvmsuaaseahd eantbe uddd ifFsweeteaing various

sweet ener fovs@sdrw confectiangry @od phaypaceyticals.
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of the poj grﬁ% efn&‘erstmastdum.c %rotaece &&M%F@s@an@u aﬂﬁttge apove
t hree conﬁ,tnf.id,mwﬁm .e., glucose, sucrose and powder sweetener Exarrple 9

20 40 AExemplelbex sweet ener was. prepar ed by d| ssoI VI ng 100 g Powder
sweet ener SafPpe peregnt seqd cuhgrewihi meltor ﬁ'e'mff 1%"2;% “'2@" Qltergat er
ée[aatextract {w,

uc ( v) potassnum
énd by ad %“rg:hoswpwa%zrm’y(w/ﬁé b;sslm?h ro9g(en pf-)nosphate 0.02% (w/v) magnesium suffate

7H30 and 0.5% (w/v) purified stevioside, and the mixture was subjected to stationary culture at 25°C for
45 24 hours. The resulting culture broth was centrifuged and the supernatant was purified similarly as the 45
reaction solution in Example 1, and concentrated, whereby a liquid sweetener, water content 30%, was
obtained in a yield of about 60%. .
The sweetener possessed a mild, soft, round and pleasant sweetness which was about 20 times
. as sweet as that of sucrose and did not effect crystallization of stevioside. Since the sweetener is highly
50 viscous, it imparts a sweetness and a desirable viscosity to products wherein it is used. It is
advantageous for sweetening, e.g., juice, syrup, liquor and pickles or salted vegetables.
Further, the above seed culture was inoculated on the same culture medium as above, but from
which purified stevioside was removed, and the mixture was incubated similarly. “The thus obtained
. culture broth was centrifuged, and to the supernatant was added calcium phosphate gel Then the
" 55 mixture was dialized against tap water, and the dialized solution was centrifuged again to recover the b5
calcium phosphate gel. The dextran sucrase (E.C.2.4.1.5) solution {100 ml) obtained from eluting and
concentrating a suspension of the gel in a 0.2 M sodium dihydrogen phosphate solution saturated to
_ 0.35 ammonium sulfate was allowed to react on 5 liters of a solution containing 4% (w/v) sucrose and
0.5% (w/v) purified stevioside at pH 5.3 and 30°C for 10 hours. After inactivation by heating, the
60 reaction solution was purified, and concentrated in the same manner described above, whereby a liquid 60
sweetener was obtained in a yield of about 90%, d.s.b. Since the alpha-glycosyl stevioside content in
the sweetener was decomposed by isomaltodextrase (E.C.3.2.1.94} into isomaltose, stevioside and
alpha-monoglucosyl stevioside, it was concluded that the sweetener was a mixture in which one mole
of stevioside was alpha-linked with one or more moles of D-glucose.




et ener was about two tines as sweet as sucrose and its sweetness
was very excellent. Further the presence of Sanple No. 4

ied the fragrance of honey. It can be freely used as a .sweetener
auty drinks and health diets as well as a taste inprover for herb
medi ci nes. 25 CLAIMS ' Bay
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al pha- gl ycosyl stevioside, each for use as a sweetener. 2. A sweetener
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