"A SVEEETENTER' 2072679 This invention relates to a
| oW@Hrf ogeni c sweetener(that is, a sweetening agent having little or no

te y for causing tooth gec 40 processes e.‘_-}f._gr [ -'g and usi ng
the sweetener. Sucrose has ﬁ‘e%g%% %‘?‘\gg%een w del y use qg%mgtionery and .
foods. due to its excellent sweetness, body taste, crystallinity, etc.
However, sucrose can forma substrate for dextran sucrase produced by
intraoral mi cFBdpganventioandelates riosd tlovreanbogenntake of sucrose

| ead$ t 0so6 bBtd-P( tak ti 230! ubls%e‘l@gﬂ%%'igé&'é HRYE A 19931‘;%@“0” of
dental plaque i,s accel erated., Ther et ore,” sucrose |§ said"to possess

cari ogert®i FSATREY nELRAFALFITE hee tdt dRrganke #Md kAt RFoecasses appears to

conpri seféheptephpihgganticpsingl tha Swaid tdifd€) N sucrose i-s converted to
i nsol ubl e dextran by the action of dextran sucrase produced by a cariogenic
m cr oor gani sm of Streptococcus nmutans or the like, and, at the sane tine,
adsor bs the c3w¢vgeni basi beretgfivrembeen fraideXieniséd pLAaquearasedibRerd St ep
wherein L ab! ugar u cQ d sucrose _are fernmented by the
ni cr oor géaxﬁtiigiran&igﬁbt %‘éédgﬁt z'rc%plggc‘f%gl %x%ossﬁf_eee%en The %%’F’f{é%ﬁgﬁ the teeth to
produce TFoarRtliRis®, (e8hpri sEayev@iml uarade cast dfowhi sh reduce pH and

cause a sighs tidigle PIEPOABREPanPALEMaS S YWrld dded W 1 AP sagEhar i n and
synt heti c. sweeteners suc s cycl amat e _and aspartane are known as

R |
| ow- car i"otent & SREeBRer ?g' BAT, 2 REsH e dimaBteanhadRt2e 9€fects that,
for examplexosécléadnbo Casmbhyiocausds idisvluiisn detide 1At tRe hacka;body

taste. ldnis réRREELORCor dental plaque is accélerated. Therefore,
sucrose is said to possess cariogenicity.

-

! o - .
The mechanism of the occurrence of dental caries appears

to comprise the following steps: (1) a step wherein

sucrose is con%erted to ihsoluble dextrah by the action

of dextran sucrase produced by a cariogenic microorganism

of Streptococcus mutans or the like, and, at the same time,

adsorbs the cariogenic microorganisms to form dental plaque;

and (2) a step wherein fermentable sugars such as glucose
and sucrose are fermented by the microorganism in the dental
Plaque deposited on the surface of the teeth to produce
organic acids (comprising mainly lactic acid) which reduce

pPH and cause a deliming phenomenon.

Polyols such a xylytol and sacharin and synthetic
sweetenenssuch as cyclamate and aspaftame are known as
low-cariogenic sweetapers. But, these sweeteners have the
defects that, for example, the former easily causes diarrhoea
and the latter lacks body taste,. It is, therefore,
desired to develop a low-cariogenic sweeterer Raving the

excellent properties of sucrose and not having the above

defects.
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Accordingly, the present inven%ion resides in one aspect
in a low=cariogenic sweetener comprising oligosaccharides

having from 1 to % molecules of fructose bound to sucrose.




ddsired to devel op a | ew cari ogeni ¢ sweet ener havi ng the excel |l ent
properties of sucrose and not having the above defects. Accordingly, H@
psesent tnvention resides in one aspect in a.lowcariogenic sweetener
conpri sing oligosaccharides having from1l to nol ecul es of fructose bound
to sucrose. In a further aspect, the inventTon resides in a process for
prepari ng the | ow cariogenic sweetener conprising reacting sucrose in the-

presence of fructosyl % hsTETERT 37Pg%ts ather tREenELpRCFeSEARS| APeRti on
[)eSihdesl @ 3 ? paomd e‘gx #b’_ﬁgﬁ‘éﬁhgriﬁg\l-ﬂﬁé | Dgebe ﬁri@@fdnj)ﬁogﬁﬁbseﬁéﬁd udi ng
oth soli oods an ever ages using.the sweetenerof this inyention.
still yet a furt hce°rmpzfs=pselgf£g‘ﬁ1 d’f%%n%f% 9?%s+rde§£|? npﬁef)?%ﬁgsg¥f gfuct"".’y?'
preparing a | ow darermfatasewneet ener contai ning sorbitol and mannitol by
selectively catalytically reducing glucose and fructose contai ned as

by- products in an oliggfaccharide conposition which is obtained by reacting
sucrose in the presencé gre¥ rasfwriher rasstet asthaninviemthoroneaidsssigars

of oligosaccari ?Qﬁrofbfh\édl&‘ofﬁ qmépaltlonﬂg @A%I#ﬁﬁ_o?énié ug%@&_epbsa?étaoh
sucrose, unreac sycrose, .and gl ucose_and fructose. The {nvention has
resulted from exﬁéﬁ%%&ﬁqbdq f‘b"%‘% pb%l"?ﬁ\ﬁ%%>i'o‘¢§ﬁ‘€ &Ber ose- .

sweetaner of this invention.

In still yet a further aspect, the invention resides
in a proceés for preparing a low=cariogenic sweetener
containing sorbitol and mannitol by selectively’
catalytically reducing glucose and fructose contained
as by-products in an oligosaccharide composition thch
is obtained by reacting sucrose in the presence of
frustosyl transferase.and which containslsugars of .
oligosaccarides having from 1 to 4 molecules qf
fructose bound to sucrose, unreac#éd sucrose, and glucose
and fructose. . o o

The invention has resulted from extensive
investigations to develop a lbw—cariogenic sﬁcrbse-
related material still having the excellent properties
of sucrose. As a result of these investigations it has
now been discovered that oligos;Fcharides obtained by
reacting sucrose in the presence of fructosyl transferaée,
and particularly oligosaccérides such as that irn which
one molecule of fructose is bound to sucrose (hereinafter
referred to as GF,), that in which two molecules of
fructose are bound to sucrose (hereinafter referred to as -
GFB)’ that in which three molecules of fructose are bound
to sucrose (hereinafter referred to as GFQ), that in which
four molecules of fructose are bound to sucrose (
hereinafter referred to as GF5), exhibit substantially
no reaction with dextran sucrase produced by intraoral

microorganisms (such as Streptococcus mutans) and




Taxed material still having the excel | ent properties bf sdcrose. As a - ¥
gljt of these investigations it has now been discovered that -

®

.'sferase and particularly O|IgOS§CC&FIdES such as that in mhlch one

mol ecul e of fructose is bound to sucrose (hereinafter referred to as
[err]), that in which two nol ecul es of fructose are bound to sucrose Ty
(hereinafter referred to as GF3), that in which three nol ecul es of fruct o%e
are bound to sucrose (hereinafter referred to as [err]), that in which four
nol ecul es of fructose are bound to sucrose ( hereinafter referred to as

lerr]), cwsidaide s temsniadon nor 163651 0611 bodexhhog ahCLaseogoduced by
i ntraora ghgroorganls %ﬁgﬁ Hias St r ept ococcus nut ans decrease t he
f or mat i A5 i*isol ubl e ?r?ﬁﬁ%ﬁ%?o%%cﬁhﬁeh |sThe caused by

dext r an cdug@oaae.charihie olaf) ;ﬁﬁﬂ#ﬂ Ieferaécagagﬁglag taikhi s
%q&lf ns, of, for ?anple car bon

i nventi
chronatg%?% Qﬂ%? éﬁﬁfﬂﬁ] TEL 0gT aphy U%Tﬂ%fhigfv3¥eﬂeﬁﬁﬁdg ed charcoal), or
i on- excﬁaﬁg@xémméﬂﬂ(xﬁnﬂﬂg/CHrquat¢Ersmgmr(angturehnbﬁatagﬁabnyreactlng

fruct osws;h@aa%fﬁmammmes&mféf&aoprgg L&gtnRa 'gptsgf vi ew,

however,- the ql.i gosaccharide mxture 1s fera use The sugar
m xt urech'gﬂ‘att;‘?ﬁr@éﬁ’y dFnmi fhe sﬂ%ﬁa{lﬂ%’a‘é‘ﬂéﬂ %‘aﬁaesed bVl gosacchari des of

GF2, GFSpae&dng Arediteas Dt ddifsferase with sucrose. From a
practical point of view, however, the ollgosaccharlde
mixture is preferably used per se. ~ The sugar mixture

" also typically contains some unreacted sucrose,
oligosaccharides of GFZ’ 3, etc., produced by the
transfer reaction, and the by-products glucose and
fructose, produced as by-products of the reactlon.

However, this sugar mixture-also.reacts
with of dextran suéfase produced by intréorai
microorganisms, but due to the presence of the
oligosaccharides the insoluble dextran is produced in
reduced quantity, ‘This is attributed to the fact that the
oligosacchéride; of GF,, GEB, etc., depress formation of
insoluble



t¥ansfer reaction, and. the by-products glucose and fructose, produced as
by-products of the reaction. However, .this sugar m xture also reacts with
of dextran sucrage produced by intraoral mcroorganisns, but due to the
pfesence .of the oligosaccharides the insolubledextran is produced in
reduced quantity. This is attributed to the fact that the

ol i gosaccharides of GF2, GF3, etc., depress formation of insoluble
dextFans fromsucrose in spite of the presence of sucrose, and that

i nsol ubl e dextran is not produced fromthe oligosaccharides of [err], etc.
Thus, a m xture or conposition contai-ning. oligosaccharides having from1
to 4 ol ecul es Qfe vt PSErdR e+ Os SULH 0581 PE OdeCeRe| BPE8skRBE! BE Sucrose,
dextran, which is believed to be a nain cause of dental caries, and the

ol i gosacchari desamd {ledt |insd Publélefs e66ah Of §hbONpobddestr ofar @pesucr ose.
Further, the conposition of the present inven- tion possesses excellent
properties as a chirgismecharsidds asf gOP4, sGBg{ ness, proper body taste, good
noi sture retention, etc., in addition fo exfibiting | ow cariogen- icity.
More particularly, the corfiuss § i amikhouse aosweenpesitobncbonsasdfingaki ng

t he sweet ness of sucrose as 100, and has .specific flavor. Sweetness is

eval uat ed ocligosaccharides having from 1 to 4 molecules of fructose

104/

bound to sucrose produces less iﬁsoluble dextran,.whiéh
is believed to be a main cause of dental caries, and the
oligosaccharides of GFZ, GPS, etc., depress formation qf
dextran from sucrose; _ |

Further, the composition of the present ihveh-.
.tion.possesses excellent ?roperties as a sweetener, such
as good sweetness, proper body taste, good moisture
retention, etc., in addition to. exhibiting low cariogen-
icity;'

More particularly, the composition shows a
sweetness of 60 to éO, taking the sWeetnéss of sucrose
as 100, and has specific flavor. Sweetness is evaluated

by Threshold method described in Sweeteners and Dental

Caries, written by J.H. Shaw, page 45, Information
Retrieval Incorporation. Also, GF,, GFg, etc., are
difficultly'colored ubon processing'becauSe they are
non-reducing sugars. Furthermore, this sweetener shows
about the Same'ViSCOSity and osmotic pressure as sucrose,
and is non-cryétalline. Therefore, when mixed with

sucrose, fruit sugar, lactose or the like, it can inhibit



reshol d met hod described in Sweeteners and Dental .Caries, witten by .
Shaw, page 45, Information Retrieval Incorporation. Also, [err],

are difficultly col ored upon pgocessing because they are non- redu0|ng;
ggf s. Furthernore, this sweetener ohows about the same viscosity and

Totic pressure as sucrose, and is non-crystalline. Therefore, when m xed

with sucrose, fruit sugar, lactose or the like, it can inhibit _g;-
crystallization. This property is thought to be advanta- geous in -
practical use. Still further, this sweetener .has about the sanme freezing

and has excell.ent ,npi sture retenti on

B?gggrgfgégs .ggg Egégfr?§65a85ﬁ@eqﬁ¥sﬁﬁn&ﬁﬁQﬁgﬁ AP af ﬁgtﬁrogerties
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obt ai “ﬂdUﬁaagekEemea%emo'lewres%eée%g%roﬁh adszfoﬁgé,hom S bed above, 't he

conposition contain- 1ng oligosacchari 1-to 4 nol ecul’es of

fruct ose bound tgssggrgggcgag@@ @gg¢y rgﬁfgr§wgg§bﬁ§rahiQMFcar|ogenlc
sweetener) is a |l ess dental carlogenlc sweet ener conposition. The inventors

have ab59ibasepgbyerthiysi &\sqsﬁlz@at bt f&ﬂvm@ﬁ&xéprsﬂé@tw@%; rial
producti on
and therefore it can be used in any food product in place
of the conventionally used sweeteners such as sugar,
acid-saccharified wheat gluten (mizuéme), isomerized
sugar, etc., and the food product thereby obtéined will
be less cariogenic than a food product obtained using
the conventional sweeteners. ‘

As is described above, the composition conﬁain-
ing oligosacéhafides having from 1 to 4 molecules 6f
fructose bound to sucrose (hereinafter referred to as a...
low-cariogenic sweetener) is a less dental cariogenic
sweetener composition. The inventors have also intensive-
ly investigated the.process for the industrial prcducﬁidn
of this low cariogenic sweetener and have found that .

. the sweetener can be obtained -
by reacting sucrose in the preseﬁce of fructosyl trans-
ferase. |

The fructosyl tfansférase acts mainly on the
sucrose to sever the 8-1,2 bond between fructose and

glucose, and transfers the. resulting fructose to sucrose



pr—

be obtai ned by reacting sucrose jn the presence of fructosyl trans- ferase
The fructosyl transferase acts- nalnly on the sucrose to sever the [err]-1,
Bond between fructose and gl ucose, and transfggs the resulting fructose to
sucrose - toyield GF2, and further transfer fructose to GF2 to yield GF3.
s different fronllnulosucrase [2.4.1.9] and | evansucrase [2.4.1.10]
des “i bed in Enzynme Nonencl ature (Acadenic Press, 1978) in that the
reaction products are -oligosacchari des wherein fructose i's bound to
sucrose, as [err], etc. As a source for the enzyne, there are mcro- -

organi sns such ag ¥4Raid (GQ’ZQ, ande fisr e rgrd e f ASpec god ¢ uso NGBS to.

af this |ow cariogenig ‘sweet ener and have found that - the sweetener can @
2

ACE-2-1, ATCC 20611, etc.),”“ genus Penicillium (Penicilliumnigricans,
etc.), genus FuyaeildnGFR éssamtumsl idii £ feAM B0 0f; o et in) 1 o peoriss & bkoépbwmm
(d oeosporium kaki | AM etc.) ] and yeasts [e.g., genus

Sacchar onyces ( 8adciavamsees aser e\l i de, 10} d9scremd Rhokwiymel | a
(Rhodotorulla glutinis, etc.), genus Pichia (Pichia mso, etc.), genus
Hansenul a (ansﬂntQQh&ﬂur&H@AQ%dQﬁaﬂnPK&ﬁiﬂcﬁﬁl%iutﬂd@h%?obh%a??éCtéPB ),
Aur eobasi di um pul | ul ans var. el ani genum A-8, ATCC 20612] and

veget abl e- produ@é@d@ﬁ$§n@§§u@ﬂk§9ﬁ%Qﬁh&%ﬁﬁﬂ gﬂﬁﬁ%ﬂ*ﬂcfﬁ%?r%?ekb$iEﬂPﬁés

t uberosus L.

to sucrose, as GFZ,-GFS, etc.

As a source for the enzyme, there are micro-

organisms such as fungi [e.g., genus Aspergillus

(Aspergillus niger ACE-2-1, ATCC 20611, etc.), genus

Penicillium (Penicillium nigricans, etc.), genus Fusarium

(Fusarium lini IAM 5008, etc.), genus Glbéospofium

CGloeosporiﬁm kaki IAM 5011, etc.) ' ] and yeaéts

[e.g., genus Saccharomyces (Saccharomyces cerevisiae,

etc.), genus Rhodétorulla (Rhodotorulla glutinis, etc.),

genus Pichia (Pichia miso, etc.), genus Hansenula

(Hansenula miso, etc.), genus Candlda (Candida: troplcalls,'

etc.), Aureobasidium pullulans var. melanlgenum A-8,

ATCC 20612] and vegetable-produced enzyme¢such as from
Asparagus officinalis, Helianthus tuberosus L.

Fructosyl transferase of microorganism origin can be
obtained by cultivating the microorganism at an optimal
temperature for the microorganism, i.e., 25°C to 30°C,
for from 24 to 96 hours using a known éppropriate medium,
for example, a medium containing 5.0% sucrose, 1.0%

peptone, 0.7% meat extract, and 0.3% NaC2 and, after



ctosyl transferase of nicroorganismorigin can be ohtained by
tivating the mcroorgani smat an opti.mal {enperature for the
croorganism .i.e., [err] to [err], for from24 to 96 hours,using a known
~—appropriate nedium for exanple, a n¥dium containing 5.0% sucrose, 1.0%
peptone, 0.7% neat extract, and 0.3% NaC2. and, after conpl eti on of
cultivation, renoving cells of the mcro- organismby filtration or o
centrifugation to obtain a culture filtrate. The filtrate itself or enzyne-
obtained by purifying the filtrate according to a conventional process

known for the purification of enzynmes, such as ultrafiltration, salting out
(that ¢ompbatiomndfochdtivapient,i cemavd ngemmidd therdfe andcod+ h sodi um

sul fate, solvent precipitation, gel filtration or ion-exchange
‘chr ome xgamiy eanfbétyssdonEary eensir ifagsttdloine toy iafiteioura be obt ai ned by
destroyi ng vegetabl e ‘ti ssue through physical_ neans such as grinding, and

ext ractuhgpreefhtyade . Theher fdd tanteaditsieddelor, anzyare ht vined ned by
purifying the extrach in.a conventional L manner (such as, ethanol . -

preci gt RYGhEYFREr Fheafiifgasat acercdingathd (W CHOR Dy cari ogeni ¢

sweet ener candﬁhen b obtﬁined by.reactin% ucrose in the presence of the
t hus- BRI %ﬁ%§n§9rA§ 8_P8§ﬁﬁFC&FLP&riéﬁ§qﬁxﬂﬁhiiﬁ& dﬁ% as to suitable
react| O SPRAIEEONTon! NN RLLOUENE (ARl i OIS PR PoRRS pUNd to be

prefer

i

impurities are removed therefrom) with sodium sulfate,
solvent precipitation, gel filtration or ion-exchange-
chromatogréphy can be used.

| Enzyme of vegetable origin can bé obtained by
destroying_vegétable tissue through physiéal means such
as grindiﬁg, and extracting the enzyme. The crude
extract itself, or enzyme obtained by purifying the
extract in-a conventional manner (such as ethanol
precipitation; (NH4)ZSO4 salting out, etc.) can be.used.

The low-cariogenic sweetener can then be -

obtained by reacting sucrose in the presence of the thus-
obtained enzyme. As a result of various investigations
as to suitable reaction conditions, the following condi-
tions have been found:qO §e preferéble. Particularly, the
sucrose concentration.7ur1fthe transfer réa;tion is
generally adjusted to from 5% to 70%, and preferably
from 30% to 60% by weight. - Reaction ﬁH and reaction

temperature are generally from 4.0 to 7.0 and from 25°C

to 65°C, and preferably 50 to 60°C, respectively,



dhring sucrose concent-ration / the transfer reaction is generally
adjusted to from5%to 70% and preferably from 30%to 60% by wei ght.
Reaction pH and ¢eaction tenperature are gen 1y from4.0 to 7.0 and fXxo
Terr] to 65C, and preferably 50 to [err], resfectively,: al t hough
dependi ng upon the enzyne origin the nost prefer- able conditions nmay vary.
As tgo the enzynme quantity, from5 to 200 units, and preferably from20 to
80 units, of enzynme is used per g of sucrose. The enzyne quantity is herein
indicated in ternms of "units" taking, as one unit, an enzyne quantity

havi th tiyi fnyiel di 1 | of_ gl J 2.5 m_of
roact ton Sof ut | B4 WRASHY HEDRRAEne, NBoE SRR SR Gt ndh € cpr S
Corutron of  preoe ondictond RACUREED BF B e PR e Rl ATt er
tion of pi 51 © [T |
[orT] to deact i pach Phe arssmanidde, 5 Pratandblyli Nt 20 il b fen

with an ion-exchanggzyasi s a3ddCeRTER! LAl e drQ st Aith d Be‘a'xc.f}eﬁ% %‘%}Pﬁt}f

Anal ysis of the transfer reaction conmfosition can'be con
exanpl e, by hi ghssheedihi qHidd cate@ManOGe3RBY S i Mg iMs0r Cttafla%go,a% @heol um

(made by Waters Associ ates Incorporation) and a solvent o
acetonitrjIe/waunitc8Qh26nhym60huﬁnkity having the activity of yielding .
| 1 u mol of glucose per 2.5 m& of a reaction solution when
the reaction is conducfed by adding 0.5 mg of an enzyme
solution to 1.0 m¢ of a 5% sucrose solution and 1.0 mg of
a buffer solution of pH 5 followed by reacting at .
40°C for 60 minutes.

.After completion of the transfer reaction, the
reaction mixture is heated to 100°C to deactivate the
enzyme, decoiorized with active carbon, desalted with an
ion-exchange resin, and concentrated to obtain the end
product. Analysis of the transfer reaction composition

~can be conducted, for example, by-high-speed liquid
chromatography using Microbondapack CH bolumn (made by
Waters Associates Incorporation) and a sol#ént of
acetonitrile/water (80/20 by volume).

The thus-obtained low-cariogenic sweetener has

a composition consisting of, for a typical example, 23%

. by weight glucose, 2% fructose, 11% sucrose, 23% GFZ,
25% GFs,'S% GP4; ;nd?l% GFS. This constituent sugar
composition gréatly varies depending upon the reaction

conditions.




The thus-obtained | ow cari ogeni c sweetener has a conposition consisting of
for a typical exanple, 28% by wei ght glucose, 2% fructose, 11% sucrose, 28%

.
T“r[err], 25% GF3, 5% [err], and 196[%yr]. This constituent sugar conposition
*‘greatly varies dependi ng upon the reaction conditions. As [err] of the
—_pligosaccharides, there are illustrated ' L
O [err]-D-fructofuranosyl-C2-1)-0-[err]-fructo- ' ‘e

fur.anosyl-(2[err]1)-a-Dglucopyranoside, O[err]-Dfructo-
furanosyl-(2[err]6)-0-[err]-glucopyranosyl-(1[err]2)-[err]-Dfructo-
furanoside, O[err]-D-fructofuranosyl-(2[err]6)-Q[err]-fructo-- _
fur anosyl - (2[ er pf15Fg- Bt @oﬁ&%ﬂﬂiﬁQﬁQJQ&QAS:/éi?%ﬁr??ethere are

L b B B A P Tt er sy
ol LcoRoTaRREY £ (P 3)) e P R b PR iton 08 BT ETUCtRE o R4 there are
25[Fifﬁﬁfﬁg?f§Eg??§2E§}33§%§%§E%§£§Q§X¥;%izﬁ{kﬁﬁg&éﬁ%%?%é, etc. As [err],
(oL er £ Bnge L8 BB D e s e P 8 TS S voopyr anosi de,
etc. E@faﬁaéﬂt%za&)taensgq%fc%@?rerrﬂostm ;FreetS@.nt Agverti opmapd etfects-of

i ndi vidual 1ngredients of "G-2, and [err] will be’>described in nore
det ai 4rdYi BXNSErERBHAD -@xBMF Tt Ay Pef pv{1 Tabgepl in Test Exanple 1

to be descri bed _ _
fructofuranosyllzfl)-a-D~g1ucopyranoside, 0-8-D-fructo-
furanosyl-(2¢6)-0-[B-D-fructofuranosyl-(2+2)]-O-a-Dé'
glucopyranosyl-(1+2)-8-D-fructofuranoside, etc.,”and{ as ' L
GF4, there are illustrated O-S-D-fructqfuranosyl- |
: (2*[1-O—B-D4fructofurén05y1~2]3+1)-a-D-glucopyranoside]
etc. As GFS, thére are'illustrated'OAB-Deructofﬁranosyl-
(2+[1-O—B-D-fructofuranosyl-2]4+l)-a-D—glUcopyrandside,
etc. )
The effects of the sweetener of the preseﬁt
invention and effects of individual ingredieats of GF,,
GPS, GF4, and GFs will be described in more detail by -
éxperimental examples described below:‘h o
Table 1 in Test Example 1 to be described
hereinafter shows fhe amdﬁnts of insoluble dextrin -
GF

obtained from GF,, GF , and GFS using'dextran

30 Y4
sucrase obtained by cultivating.StrgptococCus mutans,

ATCC 25175 strain, in comparison with the result as. to-
sucrose. As is clear from-the table, insolublé dextran -

is not obtained from GF,, GF s, GF4§ and GFg.



herei naft er

shows the anounts of insoluble dextrin obtained from[err] an

[err] using dextran sucrase obtained by cultivating Streptococcus nutans,
AFCC 25175 strain, in conparison with the resuylt as to sucrose.. As is
clear fromthe table, insoluble dextran is nWd¥ obtained from[err] and
Results of exam ning whether [err] and [err] depress or do not

[err].

deprigss production ofpd iSOt sexhifink' OHe SHELOGR bYndedt! aaef:&legassrare

tabulated in Table 2 in Test Exanple 2 to0 be descri b&€d herei Rafter.

clear fromthe

Hheh depreygs aPPa"‘["é‘FHmér%ff taAalrBlacprEETapr 538 i on of

i nsol ubl e dext rasudfm Shbﬁrwéﬁtréiﬁbitﬁcﬂasﬂ deet tEwarpked3ihoThRldexcri bed
herei nafter shows t unts of .i psoJ ubl.e dextran, obtain from vveetener
2,850 Fhed EPare nade

conposi ti-ons prep re R 1

2oRAPET aﬂar?ﬁﬁ? F& havingd

di fferent conposqltemsf‘:(geetﬁ'qbl‘@blaé 2y @dgp ands@lﬁgwarh fhendesol tiepress

obtained with s
conpositions vyi

in particular,

of [err],

etc.

s&geoggansf er

S (o) a .
:akf:rded tioﬁcs% jl'f%‘?f%e{'(%rg%\*?ﬁ#o%r anounfs than sucrose,
wher e 41 & Dt SRt T Y VB aBh1 8T 31 BS B MaekcLibeaSREERALSS -

was twice as nuch as, or nore than tw ce as nuch as the

content of free VIFHsES ARIEREIRE chRFOLRRbY sHPRERAN ARt #EALd fTom
where/ratio of tmmmtxbyomg&i&s Opréperednundesl igosasehar bdagitaohle

free SUCYOSG contqyt

&}¥¥5§L having different compositions (see Table 3)
in comparison with the results obtained with sucrose, As
is clear from the tables, the transfer compositions
yielded insoluble dextran in lower amounts than

‘'sucrose, in particular, where the content by weight of

the sum of oligosaccharides of GF2, GFB’ GFA, etc.,, was

_twicé as much as, or more than twice as much as the

content of free sucrose in the sweet‘mer composition.
That is, where?batlo of the content by weight of the sum
of oligosaccharides to the free sucrose content by weight
is at least 2.0/1, the amount of insoluble dextran
produced is 50% or less thah that produced using sucrose;

thus such compositions are particularly preferable.

As described above, a mixture or composition
containing the'oligdsaccharides having from 1 to &

molecules of fructose bound to sucrose produces less

[



~ . is at least 2.0/1, the anmount of insoluble dextran produced.is 50% or less. *

tl

han t hat produced usi.ng sucrose;

t hus such conpositions are particularly

referable. As described above, a mixture or conposition containing the

| i gosaccharides having froml to 4
produces | ess
and the oligosacchari des of

sucrose. Such a sugar conposition does not exhibit the effects of dextran
sucrase yi el ded by Streptococcus nutans, etc., and hence insol ubl e dextran
is not, produced when the sugar conposition is intaken and, in this sense,

t he co‘rfg‘d&’h?% é\ng’é§§ Egl’-gggéﬁi é. mﬁﬁ*ﬂeﬁéﬂseﬂ%{] T3 lyd<dktdfr i des of -
G2, GF3 %ic.é in_ the songasitiga gre % I substantjally fernented by the
i cro nFlesO bt 8%F FEHEBEOEEDs Ofuling, “ie. & USrus ng only slight -
anmount

fruct

_ | ecul es of fructose bound t'0 sucrose
i nsol ubl e dextran which is a nmain cause of dental

caries,

of _.organj Lds_ therefrom_ _unreacted sucrose and gl ucose and
(éh?%ﬁ%ﬂﬁgeéga@gﬁgyﬁ?ogﬁewsSPﬁrPﬁg‘transfer reacti on can be converted

to organic acidSSugﬁug,Sﬁpgrsggg%ggiqggiihb%@'ﬂé%;%ﬁgﬁdf§st unt of

organi c acid as conpared
sat i sfaegnLy. t sQErLoEEYS| ign Oﬁ%his particul ar
pmlﬂ,é¥§ 5% ﬁfsgeﬁggﬁﬁd?géoég%egikggfng§i§ éghgse exi st only in
a smalgu@dmdiNtet®. 1 hend hence insoluble dextran is not produced. :

0 su 'S Sti conpl étely

when the sugar composi;ion is intaken and, in this sense,
the composition is less cariogenic. However, though.
oligosa;charideé of GFZ, GFS,_etc.; in'the.composition
are not.substantiaily fermented by the microorganisms of

Streptococcus mutans, etc., thus producing only slight-

amounts of organic acids therefrom, unreacted sucrose °
and glucose and fructose broduced as by-p}odﬁcts in the
transfer reaction can be.cohverted.to organic acids.
Thus, the sugar composition yields a less amount of
organic acid as compared to sucrose, but is still not
completely satisfactory.

| As ‘a result of intensive investigations on this
particular point, it has also been discovered that
glucose and fructose exist only in a small amount in the
composition and can be selectively converted to sorbitol
and mannitol by catalytic reduction of'tﬁe sugar composi-
tion, which has been obtained by reacting sucrose in the

presence of fructosyl transferase, under specific condi-

‘tions, and that the amount of lactic acid produced from

E 4

[err], etc., depress fornmation of dextran fgém



catal ytic reduction of the sugar.conposi- tion, which has been obtained by(
anctlng sucrose,in the presence of fructosyl transferase under specific
cond1+ tions, and that the anount of lactic A grd produced from t he

t hu§-obt ai ned sweet ener conposi tion by the action of mcroorganismis only
aboyt; 20% of that produced by sucrose. (See Test Exanple 4.) That is,

this ™nvention al so provides a process for preparing .a novel sweetener 5
contai ning sorbitol and mannitol, which conprises react- ing sucrose in the:

presence of frueéowhstaeeaiﬁéasgwefe%eqm | S S P8 0t %Yt LRE 88@}%&{“ ng

gl ucose, fructose, sucrose, and oligosacchari avi ng to 4 nolecul es of

fructose bountof omBeesee8andsf $40AAY Nebdé S @#9@«5 {Putl Pb&ﬁh

catal ytic reduction whilé maintaining“the pH of the so n at ro 71to
9. Mre particshierose.it (bas pese Exwndhidaf, p' UrRs€ 28 Eﬁygtizﬁ%eﬁrt&on

selectlvely reduced to yield sorbitol ronlglucose and Sorbitol and
mannitol fromdEso proeides wi phecesdequpas é(}ﬁh 118z Obi 684590C Bweeirmer
G2, GF3, GF4, etc., by adding,, for exanple, disodium hydrogenphosphate to
t he aquegus swmtmmMgaborbitdQsahldefhrﬁUi]ﬁﬂpQﬂDD&ltct@rﬁpi'i)s@ﬁlJ dehcithe pH
of the aqueous solution to from7 to 9, and stirring the 20 mxture in
the presence ding swcnose bnseheopresbntn of frudtdksyl cetahyférafRaney
ni ckel , nickel formate,

= to obtain a sugar solutlon conta1n1ng glucose, fructose,

Gbnposifion.and dén bhe selectively converted to sorbitol and mannitol by <fziz

sucrose, and oligosaccharides having 1 to 4 molecules of
fructosg bound to sucrose, and subjecting this sugar

10 solution to catalytic reduction while maintaining the pH
of the solution at from 7 to 9. . a

~ More particularly, it has been.found that °

glucose and fructose are selecfiveiy reduced to yield
éorbitol_from glucose and sorbitol and mannitol from

15 fructose without decomposiﬁg the oligosaccharides of
GF,, GF ., GFy, etc.; By adding, for example, disodium
hydrogenphosphate to the aqueous'solutioﬁ of above-
described sugar composition to adjust the pH of the
aqueous solution to from 7 to 9, and stirring the’.

20 "~ mixture in the presence of 3 to 10%, based on. solids,
of a nickel cata}yst (Raney nickel, nickel formate,
nickel-on-diatomaceous earth, etc.) to conduct fhe reduc-
tion reaction at 50 to'130°C.under a reacting hydrogen

pressure of 50 to iZO kg/cmz. Of the reaction condltlons,

25 adJustment of pH is partlcularly 1mportant. When the



nh\ckel - on-di at omaceous earth, etc.) to conduct the reduc- tion reaction at

ction conditions, 25 adj ustment ,ef pHis particularly inportant. “\Wen,
catal ytic reduction is conducfg for exanple, at a pH of ‘6 or |ess,

e oligosaccharides of [err], etc., are deconposed to yield sorbitol and.

mannitol in | arge anounts, and thus sel ective reduction of glucose and \f

fructose is preferably conducted at a pH of from7 to 9. The thus-obtai ned

sweet ener conposition contains, typically, about 37% sorbitol, 2% mannitol,

s bogAtds aﬁg&? E}r%diﬁt%? e bhidcearSehs, ?Qgﬁ”ét'aﬁ'pliitafe gl ’ﬁﬁq tl,héhit

S
??gfnofié“rggefyrffsresda“ e SR8 o B b R neiToy SRuirnd Hruet osyl
of "t he 55 Be SeROmLERP o Fid e %?ﬁ%igifb%?@%ﬁéﬁﬁﬁmﬁgt JAHgseacchar i des. of
Lerr], ﬁbﬁ“’téggd*nﬁ?nep% PURYOL AaBUSO52 J1cB POl BHpRLLELS for dextran

sucrose Vi el ococcus mutans, ence Ws production of

i nsol uBk-g FA&EH19N doh AlEte d!d 9N Ptfromlﬁ @gdgtlon | ess susceptibility

of the“conposition to fernentatio by Streptococcus mut ans
‘The thus-obtained sweetener composition

contains; t?pically, about 37% sorbitol, 2% manﬁitol,
10% sucrose, 22% GFZ,_ZZ% GF;: and 7% GF4. As is shown
in Test Example 4, it has been demonstrated that the.
amount of lactic acid produced from the composition.by ,

the action of Streptococcus mutans is much less than that

from sucrose or from the éugar composition obtained by
. acting fructosyl transferase on sucrose.

As is described above, the sﬁeetener;composi~
tion of the preéent invention containing sorbitol, |
mannitol, oligosaccharides of GF,, GFg, GF,, etc., and
a sl;ght amount of sucrose is a poor substrate for

dextran sucrose yielded by Strqptococcus mutans, and

hence. it allows production of insoluble dextran in only
slight amounts. In addition, less susceptibility of the

composition to fermentation by Streptococcus mutans

reduces the amount of cariogenic lactic acid to be
produced.
~Accordingly, the compositicn is a sweetener

showing_strong anti-cariogenic properties.



the conposition is a sweetener show ng strong anti-cariogenic properties
Jest Exanple 1 Streptococcus mutans ATCC 25175, strain was cultivated und
.5naerob|c condi tions using a nedi um cont ai ni nl d}glucose and triptocase and,
after separating cells of the mcroorganism the filtrate was concentratd
quurlfled by uttrafiltration to prepare dextran sucrase. Then, 1.0 m of
a 1% sugar solution,” 1.5 ni of a. 0.67 M phosphate buffer sol ution (pH 7.0),
and 0.25 n of the above-descri bed enzynme solution were m xed and reacted
for 4 hours at [err]. Water-insol uble dextran thus-produced was
precipitated by centrifugation at 3,000espnExempadkl dct the precipitate. The
preci pitate was washed twice each with 5 m of 70% ethanol, dissolved in:
2.5 m of a 1 M potassiunfhyePbREeecys| gutans AAHCsIBiLdSt sdTedna was
phenol -sul furic acid method to detefm ne the vantity of yielded dextran.
_Addition- ally,Cuktivatedgand %6]%¥$6ﬁ3b1§@@§BgaFP8ﬁ§ YE1pgr A Me@GiMm and GF5

wer e used respect|v | fracti,ons purifie
"subj ecting a sutfdt %#&ﬁ%l51%ﬁ°?%b?%$n5%15§£Fé§8tPﬁﬁ’sﬁég8§eseﬁaF 1ng
presence of Frugt ooyl b anst 81 258) r b on S2RPOPRE N EQTRL29L2R0Y (U8l e rata

and purified by ultrafiltration to prepare dextran

feduces the anDunf of . oariogenic | actic acid to be produced. AccordinglyJi:::)l
(l

socrase.
Then,.l.O mf of a 1% sugar solution, 1.5 m? of

a 0.67 M phosphate buffer soiution (pH 7.0), and 0.25 me
of the above-described énzyme solutioﬁ were mixed and

~ reacted for 4 hours at 37°C. Water-insoluble dextran
thus -produced was precipitated.by centrifugAtioﬁ'at o
3,009 Tpm to collect the precipitate. The precipitate
was washed twice each with 5 m% of 70% ethanol,
diosolved in 2.5 mg of a 1 M potassium hydroxide
solution, and subjected to a phenol-sulfuric acid method
to determiﬁe the quantity of yielded dextran. Addition-

GF

GF

ally, as the sugar solutions, 1% solutions of GFZ, 39

GF4, and GI-'s were used respectively. As GFZ’ GFS’ 4’
and GF5,~ fractions purified by. subjecting a 'sugar composition
(obtained by reacting sucrose in the presence of
fructosyl transferase) to ‘carbon chromatography (u51ng
activated powdered charcoal) to provide a single spot in

thin layer chromatography were used. Results thus-

obtained are shown in Table 1.



aciyi vated powdered charcoal) to provide a single spot in thin |ayer

mat ogr aphy were used. Results thus- obtained are shown in Table 1.

yle 1 Dextran Yielded in Sanple _ the Reaction Sol uti.on Sucrose -

[err] - 0 [ed{ . 0 [err]

[err] ' O As is shown in Table 1, no dextran was -~
yielded. fromf[err], and [err]. Test Exanple 2 In this exanple, it was <\

~exam ned whether [err] and [err] depress or do not depress production of
i nsol ubl e dextran from sucrose when sucrose is exposed to dextran sucrase
prepared in Test Exanple .1l in themgresence of GF2 and GF3. Additionally,
reacti on conditions were as foll ongbleolm of each sugar sol ution
(containing the sugar given in Table 2), . 2), 1.5 m of a 0.67 M phosphate
buf fer sol ution ng 7.0), and O. ZQeﬁtréﬂ dheddegdminsol ution were mixed and
reacted at [errL_EEE_E_hours I It din the reaction °
solutlon vas determ.ned in the sane mannetYds in Test Exanpl e 1

Sucrose ' 740
GF2 0
GF3 0
_GF4 0
GPS- .0

As is shown in Table 1, no dextran was yielded

from GF GFS,-GF4, and GPS.

2? _
Test Example 2

In this example, it was gxamined whether GPi
and GFS_depress or do not depress production of insoluble
dextran from sucrose when sucrose is exposed to dextran
sucrase prepared in Test Example 1 in the presehce of
GF, and GF3- Additionélly, reaction.conditiéﬁs were as
follows: 1.0 mf of each sugar solution (containing the
sugar given in Table 2), 1.5 mg of a 0.67 M phosphété
buffer solution (pH;7.0), and 0.25 mg of an enzyme
solution were mixed and reacted at 37°C for 4 houfs.
Insolubie dextran yielded in the reaction solution was

~determined in the same manner as in Test Example 1.



Tabl e 2 Sugar Content.in Anmount of Dextran Yielded the Reacti ¢ ,
~Sol ution _ in the Reactian Solution (Y) Sucrose 10 ng /
/40 (100) Sucrose 10 ng + [err] 30 ng 3 300 ( 40) Sucrose 10

g + [err] 30 ng - 350 ( 47) ﬁéditionally, nunbers in the

parenthéses in Table 2 indicate i ndexes of the anmounts of insoluble.-
dextran, .taking that yielded fromsucrose as 100. Test Exanple 3 Sweeteners
having the follow ng conpositions were prepared by reacting sucrose in the
presence of fructosyl transferase under various conditions. Table 3 [err]
[err] [err] [err] No. Fructose ducose Sucrose

Ratio 1 5.9 81.9 = 12.Bable.2 .. 15.0 2 -
13.7 58.5 27,8 - - -- ., == 47.5 3 -- 17..4 41. 8
'35.7 5.0 - _-ougardiogtemt in __ smoynt ofpBegtransYislded 4
220 5 o the Regction ($okutiomg » 171R the Reactionafglption g g
31.5 11.0 26.4 25.1 5.0 -- 514 7 0.9 (¥) 31.6 10.0
25:5 241 T Sudose Y agt) T eI 0Pt LoEEb fibo)

Sucrose 10 mg + GF, 30 mg ' 300 ( 40)

Sucrose 10 mg * GF4 30 mg . 350 ( 47)

Additionally, numbefs‘in the parentheses in
Table 2 indicate indexes of the amounts.of insoluble
dextran, taking that'yielded from sucrose as 100.
Test Example 3
Sweeteners having the following compositions
were prepared by reacting sucrose in the presence of
fructosyl transferase under various conditiéns.
Table 3

No. Fructosel' Glucose  Sucrose GFZ GFB GF4 G?S Ratio

1 - 5.9 '31.9 12,2 -—- = -~ 15,0

2 - 137 58.5  27.8 -~ == == 41.5

3 - 17.4  41.8  35.7 5.0 — —  97.0

4 - 23.5 -23.9 41.2 11.4 - - 220

5 - 28.4 4.9 9.2 17.4 — - 380

6 0.8 3.5  11.0  26.4 25.1 5.0 -- Sl

7 0.9 3.6  10.0  23.5 26.1 7.0 2.9 575

. GF, + GF, + GF; + GFs_(Z)

free sucrose (%) x.100



3

TE ‘anmobunts of insoluble dextrin yielded fromthe above-.described transfer
! ar conpositions were neasured in the sanme manner as in Test Exanple 1 to
optain the results indicated in Table,& Table 4 Dextrin Yielded in Sanple
the Reaction Solution (% Sucrose 7 _ 490 (100)* Transfer '
Sugar No. 1 436 (89) No. 2 © 298 (61) No. 3 _
289 (59) No. 4 , 201 (41) No. 5 . 142 (29) No. 6 W
44 - ( 9) No. 7 _ 40 ( 8 * Nunbers in the parentheses indicate
i ndexes of the ampbunts of insoluble dextran, taking that from sucrose as
100. Test Exanple 4 Streptococcus nutans Serotype C was anaerobical - |y
cul tivat ed using HSTeARQMR EDPRI FRRBLBD 29osautTasey i ldew (Exoymst ei ne
hydrochloride, 0.1% sodi um L-glutamate, 0.2%/[err], 0.02%/[err], 0.001%
Be AN e%ﬁﬁ?..%ﬁﬁﬁ%@ﬁ $T SHERR, CEBPPS1SH Ofl§e WHTE 0- or gani sm
were C%éé?ﬂ?%ﬁt%ﬁ(¥ng§£ﬁgﬁﬁéﬁﬁgrtggnigl?gggsggample 1 to

obtain the results indicated in Table 4.

Table 4
- Dextrin Yielded-in ;
Sample the Reaction Solution
: _ (3)

. Sucrose - ' 490 (100)*
Transfer Sugér No. 1 | 436 (89)
B No. 2 2908 (61)

"o No. 3 289 (59)
" No. 4 201 (41)
" No. 5§ 142 (29)
" No. 6 44 ( 9) -
o - No. 7 e 40 ( 8)

* Numbers in the parentheses indicate indexes of the
amounts of insoluble dextran, taking that from
sucrose as 100.

- Test Example 4

Streptococcus mutans Serotype C was anaerobical-

ly cultivated using a medium containing 0.27% maltose,
0.01% L-cyéteine hydrochloride, 0.1% sodium L-glutamate,

0.2% NH4H2PO4? 0.02% MgSO4-7H20, 0.001% NaC2, 0.01%

MnSO,, and 0.01% FeSO,+7H,0. Then, cells of the micro-

organism were collected by centrifugation, then dispersed



n a 0.05 M phosphate;buffer in a concentration of 10 ng/m. 0.9 m of i
-0.2 M phosphate buffer, 0.14 m .of 22.5 nMJ[err], 0.2 m of a 1.7% sugar

.solution, and 0.5 m of the cell dispersion were m xed and shaken at [err]
for 30 mnutes to react. Then, the mxture g%s boiled for 15 mnutes to .
di scontinue the reaction and, after renoval the cells by centrifugation,
-lagtiz:c acid in the supernatant |iquid was determ ned according to an

renzymatic nmethod. Table 5 Lactic Acid, : Production Substrate
[err] nol/Reaction Solution Rati o Sucrose 16. 8
',392 Lerr] ' in.a_O.OSOM*Ehegpgégptpgﬁffr in a conégigﬁggipn of

.75 *2 Conpositi

QCbnposition-J: 98_@%63%-cb9p8sﬂﬁl8ﬁ 8bta|néﬁp@fsﬁ&%ﬁe b%ﬁf%ﬁmros 4|W§the
presence of frug % err e&aseb ? %;2%% a 1.7% éﬁwéﬂqggﬁdgion and 2%

~Sucr ose

: 0.5 m2 qf the cell dispersion were mixed and shaken at -
37°C for 30 minutes to react. Then, the mixture was

‘boiled for 1S minutes to discontinue the reaction and,

after removal of the cells by centfifugation, lactic

acid in the supernatant liquid was determined according

to an enzymatic method.

Table S
o o Lactic Acid, Production

Substrate u mol/Reaction Solution Ratio
Sucrose - _ 16.8 - 100

GF2 _ | 8.0 | 48

GE, . 0.1 | 0

2 .

Composition-1 ‘1 _ 12.6 - 75
Composition-2 2 3.7 22

*1. Composition-1: (sugar composition obtained by react-
ing sucrose in the présence of

fructosyl transferase)

s -~ Glucose 37%
Fructose 2%
Sucrose 10%

GF, 22%
GF, - 23%
GF 6%

4



r] 23% [err] 6% *2 Conposi tion- 2: _

nposi ti on obtained by catalytic reduction). Sorbitol 38% Manni t ol
% Sucr ose _ 10% [err] . 22% [err] : . 23%/[err]
.6% Exanple 1 10 m portions of BS nedi&ﬁh contai ning 5.0% sucrose,- 1. 0%
_peptone, . 0. 7% neat extract, and 0.3% NaCl were respectively poured into Lwo
test tubes and, after sterilizing at [err] for 30 mnutes, each of the “wf
‘medi a was inoculated with a platinumw re loop of Aspergillus niger

ACE-2-1, ATCC 20611, and cultivation was conducted at [err] for 24 hours.
" 10 m portions of the resulting culture sqlutjons were respectively added
“to two F?Ie§ﬂ§96$1FF8§R§:rei&PWPﬁé1iG@qméEﬁ34§?4mRMLﬁﬁ?%%%?%?ized at [err]

for 30 m nutes), and shaking culture s conducted at [err] for 24 hours to

conduct precul tivation. 20 |'T& 1ﬁ@3?un1mas charged in a 30-1 jar :

fermentor and, after sterilizing.at . [err] far,,30 mnutes, cooled and
nocul ated with 400 m of theoAPaiedid  I88 |
Mannitol 1%
Sucrose 10%
GF, 22%
GF 5 23%
Example 1

| 10 m¢ portions of BS medium containing §.0%
suéro;e, 1.0% peptone, 0.7% meat extract, and 0.3% NaCg
were respectively boured'into two teét tubes and, after
sterilizing at 120°C_f6r 30 minutes, each of éhg.media

was inoculated with a platinum wire loop of Aspergillus

niger ACE-2-1, ATCC 20611, and-culﬁivatioh was conducted
at 28°C for 24 hours.

| | 10 mg portions of the resulting culture
solutions were'respectively_added to two Erlenmeyer
flasks retaining 200 me of BS medium (sterilized at
120°C for 30 minutés), and shaking culture was conducted
at 28°C for 24 hours to conduct precultivation.

20 ¢ of BS medium was charged in a 30-@ jar

fermentor and, after stefilizing at 120°C for 30 minutes,
cooled and inoculated with 400 mg of the aforesaid

culture solution. Cultivation was conducted at 300 rpm



hours. - After conpletlon of the .cultiva- tion, cells were renoved by
flltratlon to ohtain 20 I of a culture filtrgte. 201l of this culture
flltrﬁte was concentrated and purified by ufttafiltration to obtain 2 I of

an enzyme sol uti on having an enzyne activity of 240 units/m. 6.7 | of

watelr was added to .10 kg of sucrose to dissolve and, after adjusting the pH -
to 5.0, the enzynme was added thereto in an anount of 48 units per g 10 of
sucrose' and the transfer reaction was conducted at [err] for 48 hours.

L
flregglt g(rjl smeth %Ej;il*’-r gﬁé%é Rsmaaftef%ye}“tﬁﬁ% o e® Zﬁﬁ?%gnz\?/aé of
1 RA. 411, and concentra eglig§%g§> %@@¥ zﬁﬁ%%ﬂﬂéﬁ?ﬁég]ffggfégélﬁaénlc ;
o coe: 2o f AURIOPRERCE O BEL UL e Ok et FOHPES BRORAET 2%
I;ﬁg:r a éescrﬁgngg é%gﬁg#HaniﬁE taﬁ§¥¥§gw§%céﬂiyﬂéigétiplipeO%ane

240 unlts/mz.

cul ture sol ution. 'Cultfvation was conducted at 300 rpm 20 at 280C for 7(%%;;

| 6.7 & of water was added to 10 kg of sucrose
to dissolve and, after adjusting the pH to 5.0, the
‘enzyme was added thereto in an amount of 48 units ?ér g
10 | of'sﬁcrose; and the transfer reaction was conducted at
50°C for 48 hours. After completion of the transfer
_reaction, the_reaction mixture was heated to 100°C for
15 minutes to deactivate the enzyme followed by adding
- activated carbon in a proportidn of 0.5% based on solids
15 to.decolorize, After'removal of the activated carbon,
the solution ﬁas treated with ion-exchange resins of
Amberlitg IR<120B and Amberlitg'IRA-411, and conééntrated
ﬁo 75% w/w to obtain 12 kg of a low-cariogenic sweetener.
The thus-obtained sweetener had a sugar
. 20 . composition of: 26% glucose§ 2% fructbse;IIS% sucrose;
40% GF'é; and 14% GF,. (* Registered Trade Mark).
Exaﬁgle 2 |
Fusarium lini IAM 5008 was cultivated in the

same manner as described in Example 1 to obtain 20 % of

25 a culture solution. This solution was concentrated and



a culture solution. This solution was concentrated and purified by

trafiltration to obtain 2 | of an enzyme sol ution having an enzyne

tivity of 200 units/m. | of water was added to 3 kg of sucrose and,

ter adjusting pH to 6. 0 the enzynfl jwas added thereto in an anmount of
"units per g of sucrose followed by conducting the transfer reaction at
[err] for 24 hours. After conpletion of the reaction, the solution was
heated to 1000C for 15 minutes to deactivate the enzyne,'and activated
car.bon was added thereto in an anount of 0.5% based on solids to

- . decol orize. Then, the solution was desalted with an ion-exchange resin,

ccﬁncengu&tiedetdo b7 Wi fidl whd widn 3td &gt @inazl gwo€anhoganimesweet ener .
t hus-o

16
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and'

The "
tai ned sweetener had a sugar conposi- tion of: 38.2% gl ucose; 7.8%

f ruct oselutiod¥hawvings en ﬂm&ﬁfa'ctiamﬂt)lloﬂ%zmﬁunﬁam&e 3 d oeosporium
kaki | AM 5011 was cultivated in the sanme manner as described in Exanple 1
to ebtain 20 | of7 & fafl watter Wi saddédrtoe3wag ebfnswarpatedndnd purified’
by ultrafiltration to obtain 1.5 Z of an enzyne sol ution having an enzyne

activi gfter adJusting mH to 16 dF, \/\H!Qaremmad‘d@d gddedkghetresacrose to

di ssol ve and, after adjusting pHto 6.0,  the enzyme was added thereto in an.

annuntlﬁfaﬂoa@HPP§ ﬁé’kﬁ(ﬂnkﬁﬁxRﬁﬁaScﬁfo%b@r%§ec§ﬂdéewﬁﬁg Yhe transfer

reactlon rr
cke the transfer reaction at S0°C for 24 hours.

After completlon of the reaction, the solution was heated
'eo 100°C for 15 minutes to deactivate the eniyme, and
‘activated carbon was added thereto in an amount of 0.5% -
based on solids to decolorize. Then, the solution was
desalted with an ion-exchange resin, and concentrated to
75% w/w to obtain 3.7 kg of a low-cariogenic sweetenef
The thus- obtalned sweetener had a sugar composi-
tion of: 38.2% alucose, 7.8% fructose; 17.2% sucrose;
25.4%.GF2; and 11.4% GFS.
' Example 3

Gloeosporium kaki IAM 5011 was cultivated in

the_same.manner as described in Example 1 to obtain 20 2
of a filtrate. This filtrate was concentrated and
purified by ultrafiltration to obtaiﬁ 1.5 2 of an enzyme
sdlution_having an enzyme activity of 200 units/m2.

7 2 of water was added to 3 kg of sucrose to
dissolve and, after adjusting pH to 6.0, the enzyme was
added thereto in'an‘amount of 20 units per g of sucrose

followed by conducting the transfer reaction at 50°C for



and desalted in the same manner .as in Exanple 1, and concentrated to 750
Wwwto obtain 3.8 kg of a | owcariogenic sweetener. The thus-obtained
dweet ener had a sugar conposi- tion of: 25% gfRfdcose; 9% fructose; 36%
-sucrose; 24% GF2; and 6% GF3. Exanpl es of applying thé sweetener to various
'foq%? and drinks will be described bel ow. Exanple 4 Preparation of hard
.candy: A | owcariogenic sweetener having a sugar conposition of 37% -
-glucose, 2% fructose, 10% sucrose, 22% GF2, 23% GF3 and 6% GF4 Owat er
-content: 25% by -wei ght). was vacuum concentrated to a final water content of
“about 8 to 10% b¥ heught aadreaf templerliiong offo thkouie ajctrion, ald awdrutigh an
edi bl e dye were added thereto foll owed by casting and cooling to room
“tenperature to was adacbhodicaddgnd THesadaedy idi dheots ainer manmest ass iof sugar
as with candy produced by using sugar, and was of |ow cariogenicity.
.Exanpl e 5 Prepafxampheol,otndgeonaentiraged 200 7§ fot/or avgebitiadsh v kgided
“to 90 g of orange peel that had been di pped overnight in a 3% sodi um
“chl ori de aqueouefsdl Levogsarbogenbeeswpetensdss, washed

24 hours. After c‘_c')rrpl etion of the reaction, the solution was decol ori ze _

The thus-obtaine&'sweetener had a sugar composi-
tion .of: 25% glucose; 9% fructose; 36% sucrose; 24% GFZ;
and 6% GFs. | |

Examples of applying the sweetener to various
foods and drinks will be described below.

| Example .4

Preparation of hard candy:

A low-cariOgeﬁic sweetener having a sugar
composition of 37% glﬁcose, 2% fructose,'lo% sucrose,
22% GF,, 23% GF; and 6% GF, (water content: 25% by
weight) was vacuum-concentrated to a finél water content
of about 8 to.lu% by weight and,'after cooling to about
80°C, a flavor and an édible dye were added théreto
followed by casting and cooling to room temperature to
obtain hard candy. This candy did not form crystals of
Sugar as with candy produced by using sugar, and was of
low cariogenicity. | |

Example 5

. U
Preparation of orange marmalade:

200 g of orange flesh was added to 90 g of
orange peel that had been dipped overnight in a 3% sodium

chloride aqueous solution to remove bitterness, washed



\h water to renove the salt, and . boiled for about 20 rinutes. Afte
dgi ng thereto 370 m of water, the mxture was boil ed down for about

t"he same sugar conposition as- Exanpl 4 (water content: 25% w w). -The
resulting orange mar nal ade had a sugar content of 65% w w. This provi
refrreshing acid taste of orange and was delicious. Exanple 6 Preparat
sweet paste of steaned beans (also refer- red to as "neri-yokan"): 12

r
30

utes while adding thereto 320 g ofgfhe | ow-cariogeni c sweetener having

ded a

|on~q}
g of

agar-agar was dipped in water for 3 hours and ground after renoving water.

Then, 260 m of water was added thereto foll owed heating to dissol
960 g dflithwaedt o@‘énr%mgmetbﬁeﬁaﬁé\u ﬁgdt bo idzmde é}g

Exanpl e 4 Cwat er ntent: 25%Db was added thereto, and filte
after dydtuitifar t%’énﬁﬂ@%égytéﬁﬁﬁpvé&o ™ ofagatemarthe xt ure was
over a flane and %ﬂgﬁﬂ 8f raw hean paste _was added thereto and knead
and, afMeftHs 3y et odeBR afRTa28al4r S0omiantess Whd ke adding ast

t f st db K
Dox andfd et Lo B ePak e YO P PRS0 hnt IR 2581 n SISTy A

same sugar composition as;Example_4-(water content:_ZS%
w/w). The resulting orange marmalade had a sugar contént
of 65% w/w. This provided a refreshing acid taste of
orange and was delicious.

| Example 6

Preparation of sweet paste of steamed beans (also refer-

red to as 'meri-yokan'):

-
-

12 g of agar-agar was dipped in water for 3
hours and ground after removing water. .Then, 260 mg of
water was added thereto followed by heating to dissolvé.
960 g of low-cariogenic sweetener having the égme sugar
composition as Example 4 (water c¢ntent: 25% by weight)
was'@dded thereto, and filtered after agar-agaf was
completely dissol#ed. This agar-agar mixture Was placed
over a flame, and 500 g of raw bean paste was added
thereto and kneaded and, after boiling down to obtain a
sugar tonteﬂt of 70 to 71%, cast into a box and fixed
to prepare sweet paste of steamed'beans-(neri-yokan).

This had 1ow cariogenicity.

ve.
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pl aced
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Exanple 7 Preparation,of ice-cream -ned 10 parts of skimmlk, 75.5 p3g
of water, 0.25 part of a stabili.zer,.0.25 part of an enuIS|fy|ng agent
‘parts of | ow- carjogenic sweetener haV|ng the sane sugar conposition as
"Bxanpl e.4, and a proper anount of flavor\MﬂﬁHused to prepare an ice-cream
‘mx. After filtration, this was sterilized at [err] for 30 mnutes, then
coored After aging at [err] to [err] for 6 hours, the tenperature was

| owsT ed whi |l e stirring to freeze. Thus, there was prepared ice-cream Since
t he | ow cariogeni c sweetener had about the sane freezing point depression,
-the resulting ice-creamhad a good shape retention conpared with the case
.of .usi.ng sugar. Exanple 8 Preparation of Bkgswiés7 Dough was prepared by
using 1 kg of wheat flour, 100 g of corn Starch, 333 g of the

| ow cari ogeni c Exvegedeateiomavt njcé hersame sugar conposition as Exanple 4
(water content: 25%ww), 125 g of nargarng 5 g of sodiumchloride, 2.5 g
of sodi um car bonat e, 8J31pcﬁanﬂmnmfumknnrbnghte75653pgros efywearr,
‘lecithin, 75 g of whole egg, 6.3 g of vanilla oil, and 267 g of water and,
.after expandind . Zrﬁolptmzamg aaaﬂmbxbl:pempa@ e25i pantt of Fheemuidsdfyfingough

-was the sane as that in the case of
- agent, 14 parts of low-cariogenic sweetener having the

Ssame sugar composition as Example 4, and a proper amount
of flavor were used to prepare an ice-cream mix. After
filtration, this waé sterilized at 70°C for 30 minutes,
then cooled. After aging at 3°C to S°C for 6 hours, the
temperature was lowered while stirring to freeze. Thus,
there was prepared ice-cream. Since the low-cariogenic
sweetener had about the same freezing point depressidﬁ,.
the resuiting ice-cream had a good shape retention
compared with the case of using sugar.

| Example 8

Preparation of biscuits:

Dough was prepa:ed by using 1 kg of wheat
flour, 100 g of corn starch, 333 g of the 1ow-cariogeni¢
sweetener having the same sugar composition as Example 4
(water content: 25% w/w), 125 g of margarine, 5 g of
sodium chloride, 2.5 g of sodium carbonate, 8.8 g of
ammonium carbonate, 6.3 g of soybean lecithih, 75 g of

" whole egg, 6.3 g of vanilla oil, and 267 g of water and,

after eXpaﬁding, molded and baked.to prepare biscuits.

The state of dough was the same as that in the case of



g sugar, and the biscuits had a good volune and a good baked col or as
ared with the case of using sugar. Exanple 9 Preparation of a soft

k: 1.5 parts of citric acid and 72 parts of water were added to 133
ts of the | ow cariogenic sweeten avi ng the sane sugar conposition as
Exampl e 4 (water content: 25% ww) to dissolve, and a colorant and a flavor

were properly added thereto. Then, the mixture was subjected to carbonatigh

to prepare a soft drink, which was a lowcari.ogenic soft drink, because
it contained onl'y the | ow cariogenic sweetener. Exanple 10 Preparation of
chewing gum 75 parts of. the | ow cariogenic sweetener powder having the
same sURINgodpgartyi endashexhigkuissahad 2 [goods vaflwie cdmed raibber were

di ssol ved and m xed. Then, a flavor and nenthol were added thereto foll owed
by kneaR®d.bakedrcalipreasi rgmpared wilthi tferidase of aldingito a definite

t hi ckness,. the rolled product was cut and dried to prepare plate gum This
gum hasS¥8A¥ cari ogenicity, because only the |owcariogenic sweetener was

used. Exanpl e 11 Preparation OE chocol ate: 100 parts of bitter
chocol ate, 116 parts of Example 5 _

Preparation of a soft drink:

| 1.5 parts of citric acid and 970 parts of water

were added to 133 parts of the low-cariogenic sweetener

having the same sugar composition as Example 4 (water

content: 25% w/w) to dissolve, and a colorant and a

flavor were properly added thereto. 'Then, the mixture

was squected to carbonation to prepare a éoft drink, which
_was  a iow-cariogenic soft drink, because it contained

only the low-cariogenic sweetener.

Example 10

Preparation of chewing gum:

75 parts of tﬁe low-cariogenic sweetener powder having
the same sugar composition as Example 4 and 22 parts of
chicle rubber were dissolved and mixed. Then, a flavor

- and menthol were added thereto followed by kneading.
After subjecting it to rolling mill to roll into a
definite thickness, the rolled prodﬁét was cut and dried
to prepare plate gum. This gum ﬁas low cariogenicity,

because only the low-cariogenic sweetener was used.

L ]



Fow cari ogeni c sweetener powder having the sanme sugar conposi- tion as - Sy
Example 4, 23 parts of cacao butter,. 90 parts of m |k powder, and snal
.amounts of vanilla and lecithin were conpoun?ﬁﬁ to prepare chocolate in
- tonventional, manner. This chocol ate had a refined sweetness and gave the
sane taste as that prepared by using sugar. Exanple 12 Preparation of
~preserved food boiled down in soy sauce Calso referred to as "tsukudani): 1
liter ‘of soy sauce and 900 g of the | ow cariogenic sweetener having the
“sane sugar conposition as Exanple 4 were mixed and boiled down. Then, 800 -
'g of ~short-necked clam and 50 g of ginger, were added thereto and boil ed for
-40°to 60 minutes in a floating state to EEEEEEEpEéserved short-necked clam - -

. boil ed down in sov sauce havi.n L od color and a good taste. Exanple 13
“Preparation of %léiiﬂigkggﬂﬁgkgygégiéaﬁps of chestnuts were renoved,
-followed by boiling the skjgpn hest.nyts_far t0.10 hoyrs. Then, hitter
"skin was renoved, and a 4gg§h§grgﬁg§% Eb?ﬁ??oﬁg8F°ﬂ8%PCa'ﬂ%g@ﬁﬁbss t ener
- havi ng the sane, .., ogjtiQn as Le:4 W r h . _After
aving the Sarey o YRR ERIEOS L 80 SRIATLG A, VRS Al Sl BkE0a
.followed by al | oyR0a4 CEREAPTe! 87 25€pd2Ys biEKRWESS: bl TONTRN ALY,
.the sugar solution was

milk powder, and small azamounts of vanilla and lecithin

were cdmpounded to prepare chocolate in conventional

manner. This chocolate had a refined sweetness and gave

the same taste as that prepared by using sugar.

Example 12

Preparation of preserved food boiled down in soy sauce

>

(also referred to as "tsukudéni):

1 liter of soy sauce and 900 g of the low-
cariogenic sweetener having-the same sugarICOmposition
as'Ekample 4 were mixed and boiled down. Then;'SOO.g of
short-necked clam and 50 g of ginger were added thereto
and boiled for 40 to 60 minutes in a floating state to
obtain preserved éhort-necked'clam boiled down in soy
sduce having a good color and a.good taste.

~ Example 13

Preparation of glazed chestnuts:

Epicarps of chestnuts were removed, followed
by boiling the skinned chestnuts for 8 to 10 hours.
Then, bitter skin was removed, and a 40% hot sugar

solution of low-cariogenic sweetener having the same



the | ow cari ogeni c sweetener was about the sane as that of sugar, good
products were obtained. Exanple 14 1afzt_portions of BS nedi um cont ai ni ng
.5.0% sucrose, 1.0% peptone, 0.7% neat> éxtract, and 0.3% NaC were
‘respectively poured into two test tubes and, after sterilizing at [err] far
30 minutes, each of the nedia was inoculated with a platinumwi re | oop ot
- Aspergillus niger, and cultivation was conducted at [err] for 24 hours. 10
m pertions of the resulting culture solution were respectively added to
two -Erl enmeyer flasks_containing 200 mM of BS-nedium (sterilized at [err]
f or 30 SHgART ce9mPenit tpRkrAgEsamPlLe tniascovdrsdedhergan+r] ¥8%° R4 hours to
conduct pre-cultivation. 20 | of BS nediumwas charged in a 30-1 jar :
' fer ment®kloHERS aFQ ef LaARA £PFZPRE SEY[edr Pifos usE ThiskUsl o dtA®d and

R T R o
cultiva-, tion, ﬁells mEr% r?nnved#bi fi!tration to.obtaJn 20 | of a
Cul t ur &HFIEST b, tHSCERCERTFAEAOR, PELEBS! (FUERT & ARRE RGh AR 1 at ed and
Doty me a8 OO a Bp AR slatels TheBLaWRIT™ sl i, P 10 o

<::)raised up to 70% to. prepare gl azed chestnuts. Since the.osnotic pressure off

enzyme &¢
 osmotic pressure of the low-cariogenic sweetener was

about the same as that of sugar, good products were

obtained.

Example 14
10 m% portions of BS medium containing 5.0%
sucrose, 1.0% peptone, 0.7% meat extract, and 0.3%_Nacz
weré respectively pdured into two test tubes'aﬁd, affe%
sterilizing at 120°C for 30 minutes, each of the media

was inoculated with a platinum wire loop of Aspergillus

niger, and cultivation was conducted at 28°C for 24 hours.

10 m& portions of the resulting culture |
solution were respectively added to two Erlenmeyer
flasks'containingIZOO mg of BS medium (sterilized at _
120°C for 30 minuteé), and shaking culture'&as conducted
at 28°C for 24 hours to conduct pre-cultivation.

20 2 of BS medium was charged in a 30-g jar
fermentof and, after sterilizing at 120°C for 30 minutes,
cooled and inoculated with 400 mg of the aforesaid
culture solution. Cultivation was éonducted at 300 rpm

at 28°C for 72 hours. After completion of the cultiva-



8.3 | of water was added to 5 kg of sucrose to dissolve and, after o
adjusting the pHto 6.0, the enzyne :solution was added thereto in an a u%?
of 60 units/g sucrose followed by the transfer reaction at 50C for 72

hours. After conpletion of the transfer react)®n, the sol ution was heated

at [err] for 15 mnutes to deactivate the enzyme. Then, activated carbon

~wag added thereto in an anopunt of 0.5% based on solids to decolorize. After
renoval of the activated carbon, the solution was treated with the

i on-exchange resins of Anberlite IR 120 and Anberlite | RA-411, and
concentrated to a concentration of 75% by wei.ght to obtain 6 kg of a

sweet ener.  Thitg onVjeeiedller weark arsmpdd AHPPES] €1 0PiOh  tS78bBLUROZE; 2 2%
fructose; 10% sucrose; 22% [err]; 23% [err]; and 6% [err]. 700 m of water

. Was added to the calleurestfillart et ed®RrL cofipeisis i oWl tdbe nFiDErd080 resr] was
added thereto followed by adjusting the pHto 9.0 with 4% NaOH. 50 g of
Raney ni ckel waenzededateat etrad pared Fiesddiddy ol swesfrhrraedonutoadbb8aino
~[err] for 50 m nutes under stirring at a hydrogen pressure of 60 to 120
kg/cnR.  Aftér codplas iemveyafe tsod utdlant ilaningieami ekeyme agat vl tyast
~renoved, and the solution was treated with the ion- exchange resins of
“Anberlite | R 1208 a@dtaM ite | RA- 411 fol l owed by concentrating to 75%

wwto obtain 1 kg of a praoduct._ This sweeten ad a_sugar .conposition of:
38% sorbitol; 2% manni tol3,r- dh QfcMALET HRF [%ﬁ?‘; 9308 6§ rpf sucrose to '

dissolve and, after aﬁjusting the pH to 6.0, the enzyme”
solution was added thereto in an amount of 60 units/g
‘sucrose followed by the transfer reaction at 50°C for 72
hours. After complétion.of the transfer reaction, the
solution was heated at 100°C for 15 minutes to deéctivate
the enzyme. Then, activated carbon was added thereto in
an amount of 0.5% based on solids to decolorize. After
removal of the activated carbon, the sdlution was treated
with the ion-exchange resins of Amberlite IR-120 and
Amberlite IRA-411, and concenfrated:to a concentration
-of 75% by weight to obtain 6 kg of a sweetenér. This
sweetener had a sugar composition of: 37% glucose; 2%
4
. 700 m& of water was added to the above-stated

fructose; 10% sucrose; 22% GF,; 23% GF3§ and 6% GF

sweetener composition, 15 m% of 10% NaZHPO4

thereto followed by adjusting the pH to 9.0 with 4% NaOH.

was added

50 g of Raney nickel was added thereto, and reduction
was carried out at 80 to 90°C for 50 minutes

under stirring at a hydrogen pressure of 60 to 120 kg/cm’.



and) 6% [err]. Exanple 15 10 ml of BS nedi um cont ai ni ng 0. 5% sucrose, 1.0%
pEpt one, 0. 7% neat extract, and 0.3% NaCl were.respectively poured into two
" \LeSt tubes and, after sterilizing at!ieur] for 30 mnutes, each of the
medi a was inoculated with a platinum#~w re | oop of Aureobasidi um pullul ans
var. nel ani genum A-8 ATCC 20612, and cultiva- tion was conducted at [err] __ -
for 24 hours. 10 nl of the resulting culture solutions were respectively
added to two Erl enneyer flasks retaining 300 m of BS medium (sterilized at
[err] for 30 minutes), and shaking culture was conducted.at-[err] for 24
hours to_conduct pre-cultivation. 20 | of pedi um caontai ning 10% sucrose,
1. 0% pepitthie SOMRA FERPN eREr BRE, TH2SHIRAG e MhIkerr |catAy harged in a 30
| jar-fernmentor and after, steriliza- tion at@&er ka r 30 mi nutes, cooled -
and i notdd HALLVTEn &B ﬁ?eoFQhHEISFoVééaFJe F@L éﬁ&ﬂ § orP™ul tivation

Wore. cHTIARERAEoUbs SE MABRTS10P ERGA20EER ARb SRR ARE enoyre:
. N i i i i\ 1. f , 000

tni t 7 ¢ b EA LM B bn At L8Rt aR75 ol s U AL S LG and at cer
adj ustig@g & her pELLP, 6 PrilNEwEBZ¥MBr had 2 sugar composition of:

38% sorbiteol; 2% mannitoi; 9% sucrose; 22% GF,} 23% GF33

and 6% GF,.
Example 15

10 mg of BS medium containing 0.5% sucrose;
1.0% peptomne, 0.7% meat. extract, and 0.3% NaCg were
respectively poured into two test tubes and, after

~sterilizing at 120°C for 30 minutes, each of the medis

was inoculated with a platinum wire loop of Aureobasidimﬁ
pullulans var. mélanigenum A-8 ATCC 20612, and.cultiva-
tion was conducted at 28°C for 24 hours. |

10 mg of the resuiting cuiture solutions were
respectivelyladded to two Eflenmeyer flasks retaining
300 m2 of BS medium (sterilized at 120°C for 30 minutes),
and shaking culture was conducted at 28°C for 24 hours
to conduct pre-cﬁltiv;tion.

20 2 of medium containing 10% sucrose,.l.d%
peptone 0.7% meat extract, 0.3% NaC2, 0.1% CoC22-6H20,
was charged in-a 30 2 jar-fermentor and after steriliza-
tion at 120°C for 30 minutes, cooled and inoculated with

600 m2 of the aforesaid culture solution. Cultivation



was added thereto in an amount of 30 units per g of sucrose, and the
transfer reaction was conducted.at 60 C for 48 hours. After conpletion
the transfer reaction, the reaction mxture was heated to [err] for 15
finutes to inactivate the enzyme fol | owed bgsddi ng activated carbon in a
portion of 0.5% based on solids to decoloriz&™ After renoval of the active
carbon, the solution was treated with ion-exchange resins of Anmberlite-120B
and“Anberlite I RA-411, and concentrated to 75%w w to obtain 11 kg of a

| ow cari ogeni ¢ vaseatahrc tie 4hudbobtpmh netl 388t foer 2lhadoarsugar After

conposi tion of 9 t pse 5% 4l u : % . Su ) 6% [err],
25. 1% [err], 7.68'5}6 %{Jﬁi”f&&, cce%li\ 8% S?g‘?%.-"}&ig{of/vscgir’?%grénigéosée[é?ener
conprising oli g?t@ikﬂsﬂ#lﬂ%%o haviiis f¢omld mzmmq( eell esobtatnadt bye bound
to sucrose. 2. cerf¥SiREtLM 0P ndu AR éﬁém%&é@i@i%?eofaﬁboo_éb the content
by wei ght of the sum of the oligosaccharides having Trom1 to 4 mol ecul es
of fructose i n P YA d i ngredi ents bound to sucrose to the content by
wei ght- of free sucrose is at least 2.0/1. 3. A process for preparing a
| ow- cari ogeni c sweet C rising reacti su e ip the presence of
fruct osyl transfer aség‘r]zeél.“or%éper%c%% aaéé?%ga alg%o% i e?'é?ﬁgfﬁe Pruct osyl
transferase is digsdle dndmifsmsadippetipng| tise pH to 6.0, the enzyme

' - was added thereto in an amount of 30 units per g of

sucrose, and the transfer reaction was conducted at 60°C
for 48 hours. After completion of the transfer reaction,
the reaction mixture was heated to TOOOC for 15 minutes

to inactivate the enzyme followed by adding activated |
carbon in a portion of 0.5% based on solids to decolofize.
After removal of the active carbon, the solution was
treated with ion-exchange resins of Amberlite-120B and
Amberlite IRA-411, and concentrated to 75% w/w to obtain

11 kg of a low-cariogenic'sweetener,

The thus-obtained sweetener had a sugar compositidn of
0.8% fructose, 31.5% glucose, 11.0% sucrose, 24.6% GF
25, 1% GF,, 7.0% GF,, . '

2’



A process as in Caim3, wherein the fructosyl tran’,sfer\ase'i S obt ai ned

7 Frem genus Fusarium 6. A process as in Gl aim3, wherein the fructosyl *
. ansferase i s obtained fromgenus G oeosporium 7. A process as in Caim |,
erein the fructosyl transferase_js Aureobasidi um pullul ans var. -

ani genum A-8 ATCC 20612. 8. A pradcess for preparing a |l owcari ogenl C .
food product conprising using as a sweetener a mxture containing mainly- "
ol i gosaccharl des having from1l to 4 nol ecules of fructose bound to sucrose.
9. A process as in Caim8, wherein the ratio of the content by weight of
sum of the oligosaccharides having from1 to 4 nol ecul es of fructose bound
to sucrose to the content by weight of free sucrose”ll Iulmmlllm [1 10.

A process as in Claim8 or 9, wherein said m xture mﬁ“ I“

“mixture of oligosaccharides having from1 to 4 nol ecul és 6f fruttdse bound.
to sucrose. a 11. A process for preparing/ sweetener containing sorbitol
and mannitol, conprising reacting sucrose in the presence of fructosyl
transferase to obtain a sugar solution containing glucose, fructose,
sucrose, and oligosaccharidesthavithg fgam 1 to 4 nol ecul es of fructose

1. A low-cariogenic sweetemer comprising oligosaccharides

having from 1 to & molecules of fructose bound to sucrose.

2. A sweetemr as in Clazm 1 ﬂ1ere1n the ratio of the
content by weight of the sum of the ollgosacchar1des having
from 1 to 4 molecules of fructose in the solid ingredients
bound to sucrose-to_the.content by weight of free -sucrose
is at least 2.0/1. |

3. A prccess'for preparing a low=cariogenic sweetener
comprising reacting sucrose in the presence of fructosyl

transferase,

4, A process as in Claim 3, wherein the fructosyl

transferase is obtained from genus Aspergillus,

5. . A process as in Claim 3, wherein the fructosyl

transferase is obtained from genus Fusarium. -

6. A process as in Claim 3, wherein the fructosyl

transferase is obtained from genus Gloeosporium.,

7. A process as in Claim 3, wherein the fructosyl
transferase is Aureobasidium pullulans var. melanigenum
A-8 ATCC 20612,

8. A process for preparing a low-cariogenic food product
comprising using as a sweetener a mixture'containing mainly
oligosaccharides having from 1 to 4 molecules of fructose

bound to sucrose.



2

*bound to sucrose, and subjecting this sugar solution to catalytic reducti
. *while maintaining the pH of the solution at from7 to 9. 12. A process fa
'}clalned in Gaim1l, wherein the catalytic reduction is effected in the
“presence of. a nickel catalyst. 13. A pr oc%@s as cl mullﬂmlmmmﬂ '
- Ctaim 12, wherein the catalytic reduction is effecteﬁ“ I at a
' x\{ogen pressure of 50- 120 Kg/[err]. 14. . A process *as®clhin®d Sin *O ai m
. 117Tor preparing a sweetener containing sorbitol and. nan|tol substantlally
-.as hereinbefore descrlbed with reference to Exanple 14, A process .
. as claimed in daim3 fof-pr8pRTies§ S& Iaéw-léhrq]c?gé‘hl&:s m@ﬁérthe ratio
" substantially a ﬁgrelnbefore descr.i bed th retérence to any one of

a

'. Exanples 1to 8 e150onfgnt bx wgdghdnOt FUWpf%d %J-]rﬂQﬁ*?e%%* 3148 % ned

in any one of al, ms ni c sweet ener

' nd 11 Al
“as clained in KF‘H\gl%§BHSZLaﬁF| A¥ t1§§“ﬁ'§rsel°r#oé€frd’r L1 cg{ tc18sucrg§e

- process for a w.carl o en| roduct_ conprising, usi
_ Sweetener as c § ﬁé Cﬁ“&ggl %¥6wg 3?%#%e1§ucrg§%”%% %?% alned in.
- Claim8 for pr??@/i?g a _

10. A process as in Claim 8 or 9, wherein said
mixture comprises mainly a mixture of oligosaccharides .
having from,l to 4 molecules of fructose bound to
sucrose. | B |

- S a :

11. A process for preparing/swéetener containing
sorbitol and mannitol, comprising reacting sucrose in the
preseﬁce of fructqsyl transferase to obtain a sugar

'_ solution containing glﬁcose, fructose, sucrose; and
oligosacchh}i&éé having from 1 to 4 molecules of fructose.
‘bound to sucrose, and subjecting this suga: solution to

catalytic reduction while maintaining the pH of the

solution at from 7 to 9.

12, A process as claimed in Claim 11, wherein
the catalytié reduction is effected in the presence of a

nickel catalyst.

13. A process as claimed in Claim 11 or Claim
12, whereln the catalytic reduction is effected at 30-130 c
' 2
and at a hydrogen pressure of 50-120 Kg/cm .

14, A process as claimed in Claim 11 for
preparing a sweetemer containing sorbitol and manitol_
substantially as hereinbefore described with rgfe:ence to

Example 14,



Wct | ow cari ogenic food / substantially as hereinbefore descri bed- _ B
reference to any one of Exanples 4 to-13. -20. ' mc f ood
ct prepared by a process as clained in any one”“mHlmI“m“m[ 0 and ;
2 he text of the specification-hagReen reproduced by phottocépyfng the -
applicats original typescript. It may contain a few amendnents which are .
difficult to read. The original typescript containing these anmendnents My

be inspected on the prenises of the Patent Office
15. A process as claimed in Claim 3 for preparing a

low-cariogenic sweetener substantially as hereinbefore
described with reference to any one of Examples 1 to 3
and 15. '

16, A sweetaner prepared by a procéss as claimed in any
one of Claims 3 to 7 and 11 to 15.

17 A lowecariogenic sweeterer as claimed in Claim 1

substantially as heréinbefore described.

18. A process for preparing a low-cariogenic food
product comprising using a sweetezer as claimed in Claim 16

19. A process as claimgd %n Claim 8 for preparing a
roduc :
low=cariogenic food /p . substantially as hereinbefore

described with reference to any one of Examples 4 to 13,

20, A low=cariogenic food product prepared'by.a process
as claimed in any one of Claims 8 to 10 and 19.

' 3 jcants original
text of the specification has been reproduced by photocopying the applican igt
%;esuip:. Itp:sy contain a few amendments which are difficult %o read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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