Particul ate conposition containing anhydrous crystalline

2-0-d-D-glucosyl -t-ascorbic acid, process for producing the sane, and uses
t her eof Background of the Invention Field of the Invention

The present inventionrel atestoaparticul ateconposition contai ni nganhydr ous
crystalline 2-0-d-D gluoosyl-L-ascorbic acid, process forproduci ngthe sane,
and uses ther &efiinoletpactmontarigy dwontahand) yrgotdmdinfd ablye tpdritineul at e
conposition containing anhydrous crystalline 2-0-a-D glucosyl-L-asoorbic
aci d, proée8safbraprodsyl ng-ateodane acdnd gsesershef eof pagcac iy erlicalsamer,
food products, cosnetics, quasi-drugs, and pharmaceuticals. Description of
the, prior art Due to #1% yikmantlgesils physi ol ogical activities
and anti oxi dant action, L-ascorbic acid has been used for various purposes
, Including those for food products and cosnetics. L-Ascorbic acid,

however, is unstable because of its direct reducibility, and it is
susceptible to receive oxidgﬁﬁ&@Eﬁgégaﬁikigﬁmiﬁﬁiﬂgiﬁﬁse its physi ol ogi cal
activity as the crucial defect To overcone the defect , the present
applicant, as one of the co-applicants of Patent Literature 1, disclosed
2-0- a- D ghugosylrL:asc L.c.acid that is conposed of one nol ecul e of
D-glucosek'ggﬁdé%oﬁﬁﬁeﬂﬁggﬁ6§§$ group at the C-2 position of L-ascorbic
acid (hereinafter, ahbrgv.alRd @fen@sSOLRI L8G4 20l WeashEs confdyQughaut
the specification). As outstanding characteristics, ascorbic acid

2- gl ucosi dendaes i Agtarxhiihis direekineducs boldty-dutcbagl ansatstpet b d,
stability, and it exerts the physiological activities inherent to

L- ascor bi prackedsafdreprrbetngndedanmpased armd g & no chedi fesmo né @ artasadrayiloy,
acid and D-glucose by an in vivo enzyme inherently existing in the living
bodi es. Atocordi mg el vt heoprdeéssbdieschasedoihaPat emtmibd % B wbur eyt cascaordi ¢
acid 2-gl.ucoside is forned by all owing a saccharide-transferring enzyne
such as cyshpfuPvsdexyei-algiocarofrandrelasesydbbrafcardd cas FiCGT agercess
herei nafter) or a-gbacosidase to act. on a solution containing L-ascorbic
aci d and EergPlieEs¢ENgatERafPHE coRpolfgs thereol as a material for food

products, cosmetics, quasi-drugs, and pharmaceuticals.

Descripticon of the prior art

Due to its advantageous physiological activities and
antioxidantaction, L~ascorbicacidhasbeenused forvariouspurposes,
including those for food products and cosmetics. L-Ascorbic acid,
however, 18 unstable because of its direct reducikility, and it
is susceptible to receive oxidative degradation and to lose its
physiological activityas the crucial defect. Toovercome thedefect,
the present applicant, asone of the co~applicants of Patent Literature
1, discleosed Z2-C-o-D-glucosyl-lL-ascorbic aclid that is compeosed of
one melecule of D-glucose bound to the hydroxyl group at the C-Z
position of L-ascorbic acid (hereinafter, abbreviated as “aszcorbilc

acid 2-glucoside”, throughout the specification). As cutstanding



In Patent Literature 2, the present applicant succeeded in crystallizing
ascorbic acid 2-glucoside froma saturated solution of ascorbic acid

2-gl ucosi de and di scl osed crystalline ascorbic acid 2-glucoside and a
particul ate conposition containing the sane. Until now, crystalline
ascorbic acid 2-glucoside has been known to nmerely exist in an anhydrous
crystal | i npakacoerNon: Pat entedidttier at-utie?-dhansk 2i¢ eperd adtdatiailont Xtirmay:-t
structure analysis for crystalline ascorbic acid 2-gl ucoside.
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di scl osed a process for collecting a high ascorbic acid 2-glucoside content
fracti on, PRBEDPI 8T hE2 subFetTl T irp al Wuk 1R tor: ¢ dimt & 91 iy castorbi &t tegl dpeing
2-glucoside fornmed by an enzymatic reaction to colunm chromat ography using
a strong- dEFETEEEFBn exchaye HUkias 1atd coPFeerPhg thed fa@tPoh- UGt Pdtent
Literature_ 5, the same applicant .disclosed a Irocess.fobﬁﬁroducing a hi gh
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Literature ¢ 'sanme applicant disclosed a process for producin
ascorbi ¢ aghd 239! ucasi 4e; 16NN iR 0dUetan6@PRhESELRYs8UD) £5L 10T 2 59! Ufd on
cont ai ni ng ascorbic "acid 2-glucoside to an ani on-exchange resin and

sel ecti vebygdaserbhaget ha £t RS @M1 RS ARRA: DAt BE alRsliut itk @@l thdhg
fraction rich in ascorbic acid 2-glucoside. I n Pat ent

Li ter at ur e-Zscbhei sageiapphd candl @sSod Ve presentidavembcmdl scl osed a
process for producing ascorbic acid 2-glucoside, conprising allow ng

a-i somal tosyl gl uco3acehbende:formingrerizymbecorraseabnappbiyint succeeded

gl ucosacchari de-form ng enzyne in conbination with CGlase to act on a

sol ution &prtzstialg dziascesbbehaciadiand-al gteeody If react Fativde tednpoltd. ¢ro
formascorbic acid 2-glucoside. Patent Literatures 8 and 9 applied for by
the sane AppRIFERRPIEs A HE prédewe silfige Mol sl Fhattalllionstedsis

gl ucosacchari de-form ng enzyne anq_oc1igonaitosy[ztransfeﬁnkgg enzyne
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2-gl ucosi de. . _ erring tq uses o scorbic, aci.d 2-gl ucosi de
iy br opolF b1 hAP: BB HAGEL IS SROWPTR STt Srbmres i Bl ArTie dtdnbs
10 to 29. Dependi;ng on.its.advantageous characteristics,. ascorbic acid .
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As descri bed above, ascorbic acid 2-glfucoside is now known to be produced
by using L-ascorbicachdrand amdaceouss substanceshasdmd apialigaandaYarhoOus
saccharide-transferring enzynmes. According to the findi ngs al ready obtai ned
by the presestnapplisantiorsaikalostbhen pebhedsforr ablowengngGl asghass@orbic
saccharide-transferring enzyme to act, on a solution containing L-ascorbic
acid and anyHatepus:sulbt anceshs armdandust coakbhy sadgantlapeotusngret hobution
because of its highest production yield of ascorbic acid 2-glucoside. Based
on this frepdicaghitber pragent aappld-cAntcdidsichBennpd dduen g yaetiicutatet ion
conposi tions containi ng anhydrous crystalline ascorbic acid 2-glucoside by
t he net ho§Coto BMpWFeTetPaserhy aetnome atsenut REAdcoH HhieKg IENGScH? Bl e
acid and anyl acequs substance, and commercializing the particul ate

conposi ti BRE é§”ﬁﬁ¥€ﬂﬂ§léjﬁ%rf%%%HEW?cs/H&aEﬁEﬁPEgéléﬁaaﬁéFefobd Proderis,

whi ch are respecti vel, 0 rcialized as "AA2G' and " ASCOFRESH' r oduct
haos of CSBBNLEAPE! BUPaLaTEONPOCTPEGHS SR BEHCErLha) 2 8Oy S PEOSRH Ha e
Bi ochem cal Laboratories ~dne. Céag ma, Japan,. and Hayas i bara Shoji.lnc.,
Ckayamn, JafARCOPESReciiVATY (PRESRCEon st o haP et & 40 cGrpost tF B
cont ai ni ng anhydrous crystalline ascorbic acid 2-glucoside that have been

comercialized as materials for cosnetics/ quasi-drugs and for food products
are abbreviated as "quasi-drug grade powders"”, hereinafter.)



Al t hough quasi -drug-grade powders have, as a quality standard, a relatively
hi gh purity as high as 98.0% by wei ght or higher in terns of the purity of
ascorbic acid 2-glucoside and retain a satisfactory free-flowing ability
as a. powder (throughout the specification, "powder(s)" neans "particul ate
conposition(s)", unless specified otherwi se") just after production, they

have the defiegtntRagtadcheyimmycs@li-dithyodudet fotrel bydedankoadt o o Studre
absor bency, when allowed to stand under a relatively high tenperature and
hum d condbt icons:tfrerdia lveliat i velyy | ang jperdrodefhaniore ansider | ng sumiove
defect, conventional quasi-drug-grade powders have been conmmercialized
bei ng packegurrnt peketdiyienealsagsiby 40l ck gndlsaquiites: ivleesr Bofin dhd phladeidn;
along with desiccants, in steel cans with covers. Even with the form of
such prodabt torPgteiadiltigmigugeale Ponderrs Apidyant diprlopaden tigocess
probl emthat they may occasionally solidify and | ose their useful ness as
powder s, WRENPSPOHEdEoP &108 a§a88181q d’r?@-dpe%"iﬁﬂd“ﬁmﬂerré?méiﬂmdiFf?‘?,%}i‘“r‘brn
of particul ate, conpositions, which contain anhydrous crystalljne ascorbic
oG B - o1 GEOBPASTTE B Ceanas S hatert aPhor Lobserer! Sanus L Hess e
food products, may usually cause troybl esone ewent. | teps. of . .for, .
examl o, e hrenngt Sopdef iy gt S s e et Sl TN Sdqe tftes

pl ant is desi 0 Lhe pLem.s ekl i th: satisfactony. ;
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[ Pat ent LizL%ﬁ‘g{:HggdélJapanese Pat ent Kokai No. 139288/91 [Patent Literature

2] Japanese Patent. Kokai No. 135992/91 [Patent Literature 3]Japanese Patent
Kokai No. 183492/91 1fPateat bijtenatine 4] Japarese Hebentakokal tNe present

117290/ 93

inventiondisclosedaprocess forproducingascorbicacid2-gluceside,
comprising allowing a-isomaltosyl glucosaccharide-forming enzyme
or a=isomaltosyl glucosaccharide-forming enzyme in combination with
CGTase to act on a solution containing L-ascorbic acid and a~glucosyl
saccharide compound to form asceorbic acid 2-glucoside. Patent
Literatures 8 and 9 applied for by the same applicant as the present
inventiondisclosethato-isomaltosyl glucosaccharide~forming enzyme
and cg-iscomaltosyl-transferring ENzZyme catalyze zaccharide
transferring to L-ascorbic acid to form ascorbic acid 2-glucoside.

Referring to uses of ascorbic acld 2-glucoside, many
proposals have been made as shown in, for example, Patent Literatures
10 to 29. Depending on its advantageous characteristics, ascorbic
aclid 2-glucoside has bheen conventionally used as a material for
food products, cosmetics, quasi-drugs, or pharmaceuticals; and it
has been extensively used in other uses where L-ascorbic acid could

not be used due to its instabiliity, to say nothing of conventional



[ Patent Literature 5]Japanese Patent. Kokai No. 208991/93 [ Patent

Literature 6] JapanesePat ent Kokai No. 2002- 088095 [ Patent Literature
7] JapanesePat ent Kokai No. 2004- 065098 [ Patent Literature
8] I nternational Patent Publication No. WO 02010361 [Patent Literature

9] International, Patent Publication No.
uses of L-ascorbic acid.

As desaribed above, ascorbic aclid 2—glucoside is now known
to be produced by using L-ascorbic acid and amylaceous substances
asmaterials and various saccharide-transferringenzymes. According
to the findings already obtained by the present applicant so far,
the method for allowing CGTase as a saccharide~transferring enzyme
to act on a solution containing L-ascorbic acid and amylaceous
substance is an industrially advantageous method because of its
highest production yield of ascorbic acid 2-glucoside. Based on
this finding, the present applicant has been producing particulate
compositions containing anhydrous crystalline ascorbic acid
2-glucoside by the method of allowing CGTase to act en a sclution
containing ILeascorbic acid and amylaceous substance, and
commercializing the particulate compositions as materials for
cosmetics/quasi~drugs and for food products, which are respectively
commercialized as “AA2GY and “ASCOFRESH”, proeduct names of such
particulate compositions and commercialized by Hayashibara
Biochemical Laboratories, Inc., Okayama, Japan, and Hayashibara
Shoji Inc., Okayama, Japan, respectively (these conventional
particulate compositions containing anhydrous crystalline ascorbic
acid 2~glucoside that have been commercialized as materials for
cosmetics/quasi-drugs and for food products are abbreviated as
“gquasi-drug grade powders”, hereinafter.)

Although guasi-drug-grade powders have, as a guality
standard, a relatively high purity as high as 98.0% by weight or

higher in terms of the purity of ascorbic acid Z-glucoside and retain



WO 01090338 [ Patent Literature 10]International Patent Publication
No. WO 05087182 [Patent Literature l1lllJapanese Patent Kokai No. 046112/92
[ Patent Literature 12] Japanese Patent Kokai No. 182412/92 [ Patent
Literature 13] [Patent Literature 14] [Patent Literature 15] [Patent
Literature 16] [Patent Literature 17] Japanese Patent Kokai No. 182413/92
Japanese Ratsentiskakabriosfr2824194k92gJapanese PRat entpckeleai NOur 8218/ Ahe
Japanese Patent Kokai No. 182414/92 Japanese Patent Kokai No. 333260/ 96
specification, “powder(s)” means “particulate composition(s)”,
unless specified otherwise”) just after producticn, they have the
defect that they may solidify due to their dead leoad or moisture
absorbency, when alliowed to stand under a relatively high temperature
and humid conditions forarelatively longperiodof time. Considering
such defeclt, conventional quasi-drug-grade powders have been
commercialized being packed in polyethyiene bags by 10 kg aliquots
thereof and placed, along with desiccants, in steel cans with covers,
Even with the form of such product form, guasi-drug-grade powders,
however, still have the problem that they may occasionally solidify
and lose their usefulness as powders, when stored for a relatively
long period of time. Sclidification of particulate compositions,
which contain anhydrous crystalline ascorbic acid 2-glucoside to
be used as a material for cosmetics, guasi-drugs, or food products,
may usually cause troublesome event in the steps of, for example,
transporting, sieving, or mixing materials, when a production plant
is designed on the premises that materials with satisfactory

free~flowing ability will be used.
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Summary of the Invention

The present invention, which was made to sclve the above
defect, aims toprovide aparticulate compositioncontaininganhydrous

crystalline ascorbic acid 2-glucoside that iz more significantly,
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Literature
hardly solidifiable than conventional particulate compositions
containing anhydrous crystalline ascorbic acid 2-gluceside in a
grade for use in quasi-drugs; and toe provide a process [or producing
the same and uses thereof.

In order to overcome the above objects, the present
inventors continued studying on the solidification of a particulate
composition containing anhydrous crystalline ascorbic acid
2—-glucoside, and found that "ASCORBICACID 2-GLUCOSIDE 9997, a product
name of a particulate composition containing anhydrous crystalline
ascorbic acid 2-gluceside for use as a standard reagent for analysis,
code No. AGL24, commercialized by Hayashibara Biochemical
Laboratories Inc., Okayama, Japan {abbreviated as “reagent grade
powder”, hereinafter), does not solidify even under the conditions,
where a quasi~drug-grade powder does solidify, and retains properties
as a powder. Like a guasi-drug-grade powder, the above reagent
grade powder is the one produced by purifying a selution containing
ascorbic acid 2-glucoside obtained through a step of allowing CGTase
to act on a solution containing L-ascorbic acid and amylacecus
substance, concenltrating the purified solution, and crystallizing
ascorbic acid 2-glucoside to obtain anhydrous crystalline ascorbic
acid 2=-glucoside. The above reagent grade powder, however, differs
from the guasi-drug—grade powder in that, in addition to the ordinary
production steps, it requires a recgrystallization step of dissclving
once obtained crystals and then crystallizing again the same and
a2 washing step of repeatedly washing the recrystallized crystals

with refined water, etc., to increase the purity of ascorbic acid



[ Non-Patent Literature 1] Carbohydrate Research, Takahi ko MANDAI et al.,
Vol . 232, pp. 197-205, 1992 [Non-Patent Literature 2]

| nt er nati onal Jour nal of Pharmaceutics, Yutaka INOUE et al., Vol. 331, pp.
38-45, 2007 Summary of the Invention The present invention,
whi ch was nmade to sol ve the above defect, ains to provide a particul ate
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is nore significantly, hardly solidifiable than conventional particul ate
conposi ti ers gOALaFAFng- ey masicar,ydtabkhnecastol bite: aeidé 2ngbugdsiuiély n
a grade for use in quasi-drugs; and to provide a process for producing the
sane and yseddtlienpdt. particulate | rmconden tieroveredhdlthBdaboveh vbfeets,
the present inventors continued studying on the solidification of a
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2-glucoside, and found that "ASCORBI C ACI D 2- GL000SI DE 999", a product name
of a part itcul®St&%cHpusittnbnoEoRt @fifng anhydrous crystalline ascorbic acid

2-glucoside for use as, a standard reagent for .analysis, Co , .
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and retains, properties a . powder . ik Quashedr ugs-gr 1po s tre
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acid 2-glucoside to obtain anhydrous crystalline ascorbic acid 2-glucoside.
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powder in that, in addition to the ordinary production steps, it requires a

recryst al | faation miemaofidi,ssauding dnee offt aiscedbdicy stakls 2agdupheade in

crystal lizing again the sane and a washing step of repeatedly washing the

recrystal lilzedrerystiad sl idath orefamddwavels By 8EEPs, t dOVAEIBASELt REOPFUFTLEPof

ascorbic acid . " .
yi@ld,andincrea&ingtheproductioncostbyalargemargln. Therafore,
it is not a realistic selection to simply increase the purity of
ascorbic acid 2-glucoside to a level of 99.9% by weight or higher
in order Lo obtain a hardly solidifiable particulate composition
containing anhydrous crystalline ascorbic acid Z-glucoside than
the guasi-drug-grade powder.

The present Ainventors continued studying on  the
solidification of a particulate composition containing anbydrous
crystalline ascorblc acid Z-glucoside and repeatedly researched
in such a manner of trial and error, and they found, compared Lo
conventional quasi-drug-grade powders, a significantly, hardly

solidifiable particulate composition  containing  anhydrous

crystalline ascorbic acid Z2-glucoside is of which has either an



2-glucosime to a | evel of 99.9% by wei ght or higher. Thus, even the
quasi - drug-grade powder, it can possibly be made into a hardly solidifiable
particul at e conposition containing anhydrous crystalline ascorbic acid
2-gluons ide when the purity can be increased to 99.9% by wei ght or higher.
To increase the purity of anhydrous crystalline ascorbic acid 2-glucoside
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2- gl ucosi and a dynam c” vapor s tion level of the particulate

conposi ti on nf, O, Q1% 0% el ghi 1o 1wl A ko ng eGTas e randcaibeearyhase
in this order to act on a solution containing L-ascorbic acid and

anyl aceousy spbst-angeifRefoF MAaeGar bAC) a6 g 2@l A0 sindeq L deaahy hs riadueitiizon
yield of 35% by wei ght or higher, purifying the resulting solution to

i ncrease theieorbeatt @fn ascordiimracodtd4ghngastae-ayhb o aavdradd iy awelogist |
on a dry solid basis (d.s.b.). The present inventors found that a

parti cul atsueomos: tioniormhaasdmgla degriek Dofglerorstiald iimi tay hdfgho@Xoeiuctiiigher
for anhydrous crystalline ascorbic acid 2-glucoside or having a dynam c
vapor sor pti®id ladvélbtobyOw@19h by mesiighie ror Prowsly Inpstlae gif Fucaimy yo ldrieny
solidifiable conpared to conventional quasi-drug-grade powders; it is

readi | y hanell bapreass bhamtertant f of ﬁé@ﬁfbﬁv'éd%%g, 2cEHEEREES HHasP- @V,
and pharmaceuticals; and it has an uts&?ndin%dfgg%jgicance and val ue.

Thus, they8&itdonpfdsHey 1M & iHeRd asis

The present inventors foundthat aparticulate composition,
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Brief Description of the Acconpanyi ng Draw ngs FIG 1 is an
exanpl e of powder X-ray diffraction pattern with a characteristic X-ray for

a particul ate conposition containing anhydrous crystal |ine ascorbic acid
2- gl ucosi de, which substantially consists of anhydrous crystalline ascorbic
acid 2-glucoside. FIG 2 is an exanple of powder X-ray

di ffracti omviatt er masirtde afichanactariistitg X4 &304 arr ahjpgrds clibat @rhydrous
conposi tion containing ascorbic acid 2-glucoside, which substantially
consi sts efrysteiphoes agsoobbicc aadidd 22oglugossidge or having a dyiRIGe 3vagomnn
exanmpl e of powder X-ray diffraction pattern with a synchrotron radiation
for a par gicgptare é@W%g§ﬂtDo%1&éhtHPhEh§C&hﬁ?ﬁﬁéus%%ﬁVéﬁ%ﬁFﬁﬁ@té§@dF%F%iY
acid 2-glucoside, which substantially consists of anhydrous crystalline
ascor bi ¢ &CitdDIgrpdgsicgaparaed to converdiignayl | QUARHL BXEMHTE BI® poRleFrs’
X-ray diffraction pattern with a synchrotron radiation for a particulate
Conmus t1 0 SEama s AsLEPEHE SR PPt A e U L aR TR o
consi sts of, anor us ascorhi.c aci - Qsi e eme LG . is.a
schenaticqaf%g$§%ggﬁ’higﬁgrggyaefh%?ﬁﬂ%%ﬁgﬁ og% e S 38 ??%§¥%§d£§g
i cr oor gani;sm;qf; Lhe .08auS ,GeaRacCi US| the 11 5Hef 18155 1avSEReERLI C
diagran1o%h?§?aﬁ§tiCoresidaes and conservéaffgSFglslg %%G%aég &eriveg rom
a m croorgani smof the genus Geobacill usi

Brief Descripticn of the Accompanying Drawings

FIG. 1 is an example of powder X-ray diffraction pattern
with acharacteristicX~ray foraparticulate composition containing
anhydrous crystalline ascorbic acid 2-glucoside, which
substantially consists of anhydrous crystalline ascorbic acid
2—glucoside.

FIG. 2 is an example of powder X-ray diffraction pattern
with a characteristicX=ray for aparticulate compositioncontaining
ascorbicacid2~glucoside, whichsubstantiallyconsists of amorphous
ascorbic acid 2-glucoside.

FIG. 3 is an example of powder X-ray diffraction pattern
with a synchrotron radiation for a particulate composition
containing anhydrous crystalline ascorbic acid Z-glucoside, which
substantially consists of anhydrous crystalline ascorbic acid
2-glucoside.

FIG. 4 is an example of powder X-ray diffraction pattern

with a synchrotron radiation for a particulate composition
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FIG 7 is a figure of the structure and the restriction enzyne recognition
site of a reconbi nant DNA "pESET- 1BTC12", containing CGlase gene derived
froma m croorgani smof the genus Geobacillus, used in the present

i nvention. Explanation of Synbols In FIG. 5 and 6, the
synbols "A" to "D' nean Domain A of CGlase, Domain B of CGlrase, Domain C of
CGTase, angRengiifgD: ofcG6Tase:id Bsgestbyelly, which substantiballl@ndists
"hel i x" means an a -helix structure; "plate-like arrow', 13-sheet

st ruct ur e;pfanchoridhm  hreadhid cop struchureside. In FIG 6, the
synbols [1] to [4] nean conserved regions 1 to 4, commonly present in a
-anyl ase fam |y, redpiect Svébya sdiersyinigpldiagray eft bl yhee-pededurtrugypps”
225t h aspartic acid residue as one of the catalytic residues of CGlase,
"D253", 258t kG§lassanies iveidd fresi guaisgsosneast srhelckhgl gRNES, GEPRGEL L oFS -
CG ase; and "D324", 324th aspartic acid residue as one .of .the catalytic.
resi dues of CGTase. FIG. 6 is'a schepagig d7a9FAR I midie L¥oé Eﬁ‘i’lﬁﬂé{%s and

replication origin of plasmd, pUC "T7), T7 pronoter; whi . t
anpi ci | | i FYESS %tr"g@g’r@’,s &Md G%b%%%‘?( %‘?‘?’o\(ﬁ}g s? r&%‘%@&%@ﬁéﬁl}leéﬁnmm
Description of the .lnvention The present invention solves the
above obj & HFEPRA I HE 'a particul ate conposition, which contains
ascorbi ¢ aci d 2-gl ucogi de, iy gne to 01V el 98.Q%bY ek ght byt 1k e8son
than 99. 9% by wei ghtch, TS%I s b, g, fgﬁgyﬁa% a %e/gr e of cr ygt al l'i n}:ty of 90% or
hi gher for,an t}%/ r Qs ~ehy st all i he aseer bi craebo2nghycasiderpnben-gatrcubat ed
based on amp'r‘o ile o?gpdwsler X-lr a‘y diffraction analysis of the particul ate
CO”DOSiti(antaining CGTase gene derived from a microorganism of the genus

Geobacillus, used in the present invention.

ixplanation of Symbols

In FIGs. 5 and 6, the symbels “AY to "D mean Domain A
of CGTase, Domain B of CGTase, Domain C of CGTase, and Domain D
of CGTase, respectively.

ITn FIG. 5, “helix” means an « -helix structure; “plate-like
arrow”, f =sheet structure; and “fine thread”, loop structure.

In FIG. 6, the symbols {11 toc [4] mean conserved regions
1. to 4, commonly present in «-amylase family, respectively; the
symbol “@”, a catalytic residue; “D2257, 225 aspartic acid residue
as one of the catalytic residues of CGTase; “D2337, 253" glutamic
acid residue as one of the catalyltic residues of CGTase; and “D3247,
324*" aspartic acid residue as one of the catalytic residues of CGTase.

In FIG. 7, the symbol “pUC ori” means replication origin

of plasmid pUC; “T77, T7 prometer; “white arrow (Amp)”, ampicillin

resistant gene; and “black arrow”, CGTase gene.
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The present invention solves the above objects by providing a particul ate
conposition containing ascorbic acid 2-glucosi de an anount of over 98. 0% by
wei ght but |ess than 99.9% by weight, d., and a dynam c vapor sorption

| evel of the particul ate conposition of 0.01% by weight O | ower, when kept
at 25t, under a relative humdity of 35%for 12 hours after renoval of

wat er under nitrogen gas:sitleebmMescription of Ascalpweheioed enbodi nent
according to the present Invention, the particul ate conposition containing
anhydrous crystalline ascorbic acid 2-glucoside of the present in.vention
contains particles with a particle size of [ess than 150 pmin an anount of
70% by wei ght or nof&etpraswnivholenpaek EehNatd heompess PPORCARP PEREI #h a
particle size of at |east 53 pmbut |ess than 150 Pn]in,an anngntiof 40 to

60% by weiPghRT bt hEtGUENEOFALLPEul B b1 GRFG SIS0 CREP M GCHEY < PP LT EPT Ee
nbodi t, th ticul at posi tion .containing anhyd rystalline
ascor bl o déi a2 RoG S EE BREC briek i A BHE DreSariall oo~ o Kichr b e
id and/ of 0-gl d, h ceduci ng. . 1 he total i
R R ety e L LS
embodi ”E”tcny%;k&%_lgﬁ‘}&a' eyl @tr;%fi_%o'mﬂgd Uy QIR NG AN QUS (LY St aldd NG

ascor bi c aci ucosi t he' 'present 1 nvention contains L-ascorbic acid
in an amount, 0f;Q.1%:by welohk- pfy | e pa P analysis of thelBBrticulate
particul at e"conposi ti oh contai ning anhydrous crystalline ascorbic acid

2- gl ucosi derRfostife opr.esent invention as nmentioned above is typically a
particul ate conposition produced froma solution containing ascorbic acid
2- gl ucosi de obt ai nedHdy pegdniaistreptobnaldlowznghOehase dog eadts lnpacosotiihgon
cont ai ning L-ascorbic acid and anyl aceous subst ance. The
present i nvertritdoudakeesonhesabbve obpezisiby grouvitdingcd dprogéssofidde in
produci ng a particul ate conposition containing anhydrous crystalline
ascor bi ¢ avi arRuglitucdsicder Hagcber weddghitn buhatleps &8ataPHs “Eheysrepshss
all owi ng CGTase and gl ucoanyl ase in this order to act on a solution
containingLELéSGOr%W% Ac iy aig: CarA e 0BT BbRH aré¥ o Wbt BiR RALHEGET-8R

containing ascorbic acid 2-glucoside in a production yield of 35%dy i ght
or hi gher SIRESESHRTC Scit% Oy e g Iget &Tfijﬁweﬁfg t“ﬁ%%r g?th Ty <o “ufl%qﬁﬁgt 0
increase the content of ascorbic acid 2-glueoside to a |evel of qver %.by
wer ght . ad BeIata S g SRR G iR aron 2Py SE B s aSebTRL o B e uRAL
2-g|ucosidewgn t he uri%ﬁedn§olution; collecting the crystallized anhydrous
crystalliﬁg‘ég%ﬁ?bi E%éﬁdxﬁiglucoside; and agei ng and drying the collected

crystals; and optional k%eE?E!lﬂégﬁiefrﬁb{a%iéﬁm%‘r?lggug%t&ﬂdi@l% & ¥5d pheseRXammkes ioh,

t he CGrlase used in € process o
the particulate composition containing anhydrous crystalline

ascorbic acid 2-glucoside of the present invention contains particles
with a particle size of less than 150 pm in an amount of 70% by
waight or more to the whole particulate composition and those with
a particie size of at least 53 um but less than 150 pm in an amount
of 40 to 60% by welght to the whole particulate composition. As
another preferred embodiment, the particulate composition containing
anhydrous crystalline ascorbic acid Z-glucoside of the present

invention contains L-ascorbicacidand/or D-glucese and has a reducing
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invention include any of natural. CGlase enzynes and those which are
prepared by reconbi nant DNA technol ogy i ndependently of their origins and
sources, as long as they formascorbic acid 2-glucoside in a production
yield of 35% by wei ght or higher, when CGTase and gl ucoanyl ase are all owed
in this order to act on a solution containing L-ascorbic acid and

anyl aceoupsughsbance: tHawRves rt considerdagddie ipnodicleon tyizel dnefpascantbi c
acid 2-glucoside, preferred are the |ater described CGlrases derived from
Ceobaci | | gy sweagbt her nbphial use e - §2 eferaien amob@obaci ) | tbe particulate
st ear ot her nophi |l us Tc-27 strain, and nutant CGlases obtained bynutating the
CGTase derionge sfitdmnCGe sisadiliingsy t earvidienopilidiald O st3Earibye acid
reconbi nant DNA technoLo% . Among whi ch, the CGrase, from Geobacjllus, . .

st ear ot her4TspMiaogs tec 962 '“ilfﬂr BEASPEtndEVepE &PRr GBN Y2 tRBd- DRGSR Hf2FtE in
relatively high prodqcti?g i eld of ascorbic acid 2-glucoside.

The gl ucodtyIFHSENis€F Pn ﬁhépr@é3ﬂ¥ PhvERt$bn Shdufd not specifically be

restricted and any qf naturally-occurri and. reconbi t. ne .
used i ndependent |y gﬁ“%he??rEﬁ¥%$W§3an&gggﬁfégésgas(f%ﬁguéﬁp%%eyg?%§§¥885
ascorbic i.d..2-gl.ucosi. [0.a. ct i i f.1.35%.hy . Wwei -0k« hi.gher,
when ;nqa3§NghélgﬁﬁgoaﬁgﬁéééCa?§£§|'6&2§ﬂT%”%%?§93P eéLgﬁeggtgggegtég?y??on
cont ai ni NgdaseILPIGAR ¢ And, AP AGLONSySHPSERNSEe composition pMIkYEES
depending on the type of anyl dceous substiance used as a nmaterial, when

CGTase is @droxed11,0186tcRit 23 rS ol 4 @rieonhal Aizng 1hoase ki AGi«l eRdough
anyl aceous substance, the production yield of ascorbic acid 2-glucoside can
be increasedtby af lawicngnyoc@Tis©nct et sol ut sonuai st areh :delimantha agoenzy e
such as isoanylase and pullul anase along with CGrlase. In a

pr ef er r ed zenhbdimerimyotcebaspeobessnaecording to the present invention, the
step for purifying the above solution containing ascorbic acid 2-glucoside
to increase the conthhitpoésestonbrotachddyvgaudespbeve ehowait s8agebyvnei gat |,
d.s.b., is effected by allowing an enzymatic reaction solution after
filtrati o pReCdesaPE PAgUNE L BeREEsE MG e AP Oht e hapige? st harBYdEebEDb
t her eupon ascorhi c aci d2-gl ucosi de and L-ascorbic acid, renoving L
sacchar i dé& Yt 149 0-HGEEE AT refd TP Weter , CHEARG RF 'S 2| tent ah
aqueous solution with a concentration of. less than 0.5 N.of hydrochloric
Reid or SAIANERPY BhEI ke oot bt & T HCB G uReR e ARV OAECh? BiTe agFHo®
concentratijng the resulting.eluate, f.eeding the caonc e

col um chﬂé%a?%br%ﬁh? G%Hﬁ‘lgncé¥¥%ﬁ¥é%6 aﬁ@éﬂ$%§§%£§g%%ﬁ%og%§sH@%ﬁ?hg i'é

resin, and. f.eed uent |t ff ti.qn.. PaLLi rd V- 8s Je
Chr omat ogr e T the St AL SoP AR SEE T S toipng BpLaPHLfadia 32oTALURRge
system usijig A 5 9361 &3 6qL1 9R- 8%¢ Ofe £ @84 1A% 1{HRAC KNG SoBL-eh ak cape
preferabléngéggﬁggﬁggéggigéd ractionhgfth éﬁﬁéscorgﬁ% acid 2ﬁglucésidg
content of;.Qel36%DYrn Vel B nd shenefLnabng obla nedebhef@wWadh e aontent
satisfactory efficiency and production yield. The present

i nvention soh¥esrbhe ANeVL-9hhest Bady o Qwivéilngf @ veevelet byswaragter | al. sfar. ;

food products, cosmetics, quasi-drugs, and pharmaceuticals, which consists
of the parddyeit:dtle «Compasityidomueo ntaismiaigd iashydoons icr petial Ri-géuaseddbi ¢n
acid 2-glucoside of the present invention.
the purified solution; collecting the crystallized anhydrous
crystalliine ascorbic acid Z-glucoside; and ageing and drying the
collected crystals; and optionally pulverizing the raeasulting
crystals.

Examples of the CGlase used in the process of the present

14



Exanpl es of the materials for food products advantageously wusable in the
present invention include vitam n-C-enriching agents,

col | agen- producti onenhancer s, ski n-whi t eni ngagents, taste-inproving agents,
qual ity-inprovi ng agents, browni ng-preventing agents, acidulants, fillers,
body-i nparting agents, and antioxidants. Exanples of the materials for
cosnet i cs ;aavantiageawsllyusable nithepresert icwvend antnaladesid ntiwhi¢ ewh dgh
agents, cell-activating agents, collagen-production enhancers,

vi t am n- Ceeny inchicagcagept sectalst ea Py itghagdntyy, igdabietgenipyovingheir
agents, browni ng-preventing agents, acidulants, fillers, body-inparting
agents, stcabidirserssd smd-eri o danysis ExeypFesmnois e a e cal 591 pposide
qguasi - drugs advant ageously usable in the present invention include

ski n-whi t érfi mg Paigeics L ovel i cagt PYatPhPlageritE!t ¢8l Pdgdirrpr vliiet FEhase and
enhancers, vitanmi n-Cenriching agents, taste-jmprovin
qual i ty- irfb‘r%«ﬂﬂr‘fé’la’@@n%ﬁe aﬁﬁavohﬂrﬂgl bPé@é}rﬂeﬁgi% %“%a%‘%dﬂf’éﬂ{ §OnFRifEpy,
body- |npart| agents, abj I|z nd_antioxi dang Furt e | es, of
Che” mmt or AL GharAac e rekfsPsadan duetlny hSge Gt s SHETHSL B8
| nventi on '“C S SKIA ol Le 'g%%r%%“%%m%' AchLYak  08:89ERLEA are che

col | agen- % Ton' Jnhancers agent's fof preserving

radi cal - d'Sﬂﬁﬁ?@ﬂb@?ﬁgégQﬁ%@?ﬁ%ﬁ&éeré&%qhﬂl@639&&9@1&9S%QQQE%hermophiIUB

browni ng- preventing agents | ers, adjuvants, stabilizers, and
anti oxi danfs.g The rqu'd QNG 8hecdet ak| sdoexptROALLME1 0 thePEesent, and

invention: 1.Definition of terns
mutant CGTases obtainedbymutating the CGTasederivedfromGeobacillus
stearothermophilusTc-91 strainby recombinant DNA technology. Among
which, the CGTase from Geobacillus stearcthermophilus Tc-62 strain
is most preferably used because of its relatively high production
yield of ascorbic acid Z-gluccoside.

The glucoamylase used in the present invention should
not specifically be restricted and any of naturally-occurring and
recombinant enzymes can be used independently of their origins and
sources, as long as they formascorbicacid 2-gluceside in a production
vield of 35% by weight or higher, when CGTase and glucoamylase are
allowed in this order o act on a solution containing L-ascorbic
acid and amylaceous substance.

Varying depending on the type of amylaceous substance
used as a material, when CGTase is allowed to act on a soluticn
containing L-ascorbic acid and amylaceous substance, the production
vield of ascorbic acid 2-glucoside can be increased by allowing

to act on the selution a starch debranching enzyme such as isocamylase
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Thr oughout the specification, the followng ternms nean as follows: <Degree
of crystallinity> The term "a degree of crystallinity for
anhydrous crystalline ascorbic acid 2-glucoside" as referred to as in the

specification nmeans a value defined by the follow ng Formula [1].
M Us - 140 Degree of crystallinity (75)- x 100 Hum - Ho
and pullulanase along with CGlase.

For mul a

In a preferred embodiment of the process according to

the present invention, the step for purifying the above solution

containing ascorbic acld 2-glucoside to increase the content of

ascorbic acid 2-glucoside to over 86% by weight, d.s.h., is effected

by allowing an enzymatic reaction seolution after filtration and

desalting to contact with an anion-exchange resin to adsorb thereupon

ascorbic acid 2-glucoside and L-ascorbic acid, removing saccharides

such as D~glucese with refined water, feeding as an eluent an agqueaous

solution with a concentration of less than 0.5 N of hydrochleoric

acid or salt(s) to elute ascorbic acid 2=-glucoside and L-ascorbic

acid, concentrating the resulting eluate, feeding the concentrated

eluate to column chromatography using a cation-exchange resin or

a porous synthetic resin, and feeding an eluent to effect elution.

Particularly, as column chromategraphy with catien-exchange resin,

those of simulated-moving-bed system using a strong-acid

cation-exchange resin as a packing material are preferable because

a desired fraction with an ascorbic acid 2~glucoside content of

over 86% by weight is preferably obtained therewith at a gatisfactory

efficiency and production yield.

The present invention solves the above obiects by providing

a powderous material for food products, cosmetics, quasi-drugs,

and pharmaceuticals, which consists of the particulate composition

containing anhydrous crystalline asceorbic acid 2-glucoside of the

present invention.

Examples of the materials for food products advantageously
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An anal ytical value for a degree of crystallinity, determ ned based on the
powder X-ray diffraction profile for a powdery standard sanpl e containing
anhydrous crystalline ascorbic acid 2-glucoside, where the powdery standard
sanpl e consists substantially of anhydrous crystalline ascorbic acid
2-glucoside. An analytical value for a degree of crystallinity, determ ned
based on wkakhpewderhX-aysdnt fingehitarnpl of Lhe: it aaipeondeny ishandargk:siampl e
cont ai ni ng ascorbic acid 2-glucoside, where the powdery standard sanpl e
consi sts swhitarhi-pkbyuof ianor phoushdoran=mf ascekbhewhdibdn2ngl ucostarentAn
anal ytical value for a degree of crystallinity, determ ned based on the
powder X-tagtdrfifipacviog profi kgehbes; as a geatsanprRrowlopwder cHREaFHI ng
ascorbic acid 2-gl ucoside. I n Fornulale_, t he powder X-ra

di ffracti S§CpRONEreseVERting BESTS Sof HatBHAitng Hnat SRS c aPOTAT HBR2 Hi fiek
H. 0 and He can be usually determ ned b powder X-ray diffraction analyzer
equi pped \ﬁgﬁﬁtérr%‘flijei"t&rf'l?W%ﬁsa”ﬁtrsa'ns}‘r?‘@é‘ip%go‘ﬁit it W?Féﬁ\leﬁSIp‘o‘@\i’]‘B?L T ay

e RRLRL L E3 T Ol I Pl e Bl AR A SR RO R pe Lol

strengt hs & acl ucosi de cont ai hé

test or st rd s e, E | Jethods. I3, ning,.t he Lca
data for ta%é%%gesgr e@é;ﬂ)?a%tmjliﬁsmg &Hg ’sgﬁ?}]g{i%@&e.g@qar%t& e I_%lﬁ%ﬁéé!%,
et hod, V%‘ﬁ'arrﬁn'l%ﬁu@ﬁ)xqricﬁﬁcf]gAm)ng a\geﬂfpt@,Har mn@éﬁi{@ljmd‘ﬁifw ef er amjéln'tﬁf

because of its easiness and accura Since these analytical™ nethods have
now been prRvi:4ed as 6QTBUL 85cB0E T WoF &fn 1 A ROMERTI g baknaisl f hacti0ants,
anal yzers, equi pped ' with an anal ytical apparatus installed with any of the
above congutialrsqf tMedesimsain: ey supkabky use®ilizers, and Asnthoppddety.
standard sanpl e contai ni ng anhydrous crystalline ascorbic acid 2-glucoside,
wher e t he ipewitry stfands:s dnseapl €] <ofst stsasubdtams | ativgnbiganhy by ousable
crystalline ascorbic acid 2-glucoside", for determ ning anal ytical val ue
H100, t herign nushebe fusedrdn abhyenolsn cr yskakbizne dsdoTWiic it 2- gHacssi de
in the formof a particulate conposition or single crystal.., which has a
purity of @d.lowtivagilgist or FdefHetr. (t hr o0ghote" tPECdpeei 9% cat i BRNANGEEY
wei ght" is abbreviated as "%, unless specified otherwise but the "%
affi xed t oitH@idedreardfhdgst al | i3V Shoul d hotLHRMRRPYE t her efRED) S+
exhibits chgrac}enistic‘diffrac%LonEFeaks inherepttlo anhydr ous créﬁtakline
ascor bi ¢ &M% PIGITESSVAEY HENEEonRF QYRIRYBRT AT BHTS) B ity dE4 G5 Tant s,
crystalli scorbic acid 2-gl ucosi_de. , Exanpl es -.af_ those._ i he.form.of .a
a1 cul ate Lo SPBh- GPOATTENG BUSLEar | de Aase Pact Aot o agRts®
parti cul atg, GQIROSLEL,ah Of o8Ny, .l Ld iﬁﬁao%gf Eﬂﬁggh&bﬁgiEQ@Q%@Rﬁagﬁ:%@%ousILy

powder, particuldte conpositions containi rous crystalline ascorbic

acid 2ol ygoside abt 2haed b JeCrysIald il nghd igd eBREALHEA0R1 AGWAGEn 2y

anhydrous crystalline ascorbic acid 2-glucoside in the formof a single
crystal - kan r.efenanasngviernanal ¥zeda¥bhlpAcgespiberemod i e, foferiiar mans'
met hod, a powder X-ray diffraction profile of the above-identified powdery
standard sarmpi&-wingarti gugahe, conpesiican-geatatdairngnanhydeous cr ysfealtlsi, ne
ascorbic acid 2-glucoside, which consists substantially of anhydrous

cryst al | i neltaaeior-ai-eragich i2wglaugosizde bigiwes aip ravaintingala gealtge  HL00ers,
usual ly, ranging from about 70.2%to about 70.5% As "a powdery
st andar d satphweardont ai trrilnigl iasooy,biandaeind: i2+gldgodsi-de, where t he powdery
standard sanpl e consists substantially of anorphous form of ascorbic acid
2-gl ucosi de" for detBiei #hiowahad yareaietalird HEpianahistinpefuddd ayesent
ascorbic acid 2-glucoside in the formof a particulate conposition, which
has a purit§Vett08119% or hi gher, exhibits a powder X-ray diffraction
pattern of only halo inherent to its anorphous form and does not
substantialiy e&%”%ﬁ%t%ﬁ@'?ﬁuk?%ﬁﬁion peak of anhydrous crystalline

ascorbic acid 2-glucgside., Exanpl es_of such a. parti.cul j 1]
"hel ude those which T ECBBEER mob byt SobT o e he ot ATt f1 e hawRas y

standard sanple for determ ning the anal ytical value HL00 in an appropriate
anount of refined water, concentrating thg solution



freeze-drying the concentrate, and drying the resultant in vacua up to give
a noi sture content of 2.0%or |ower, when determ ned on Karl Fi schernethod
Wth these treatnment, it is known by experience that a particul ate
conposition consisting substantially of an anorphous formis obtained. For
reference, when analyzed with a conputer software for Harmans' nethod, a
powder X- may rdilfitwacti on profile of the above-identified powdery standard
sanpl e of particulate conposition containing ascorbic acid 2-glucoside,

whi ch consibetisesubst anyiaklyioftaror phous form of ascorbic acid.

2-gl ucosi de, gives an anal ytical value Ho, usually, ranging from about 7.3%
to about 7.6% The teris ‘W stigndscd shnplmy Stey) ldétidnm APkg aay g eal
value Ho, it %oes.mﬁthout saying that an ascorbic acid 2-glucoside with a
hi gher pucittgtied Lprer asgBirb;-Chawe der, - tReogder!'y 261 r&sf@éﬁf%ﬁc tgeidg in the

2-glucoside of a standard sanple used for determning.the,analytical ue
Ho, pr eparﬁé’&CflﬁaﬁﬁttH@nswaﬁa%?% Eahipt UsBES S Erlafﬁeftﬁilﬁmi)ﬂ@ﬂan%wv@%| b e
Hno as nen;ionjd ?2 ve, is limted up to 99.1% even thought the purity of
the standdfd™Safpl'é!ased for determ ning anal ytical value HL00 i5
distinctly as high as 99.9%or higher, ag.sho f in the |ater described
Experinment 1-1. Thus, the purity of "a powdery” standard sanpl e contai ni ng
ascorbi c agig .2 glrucoside; he_powdery stand mpl e consi sts
substantigﬁﬁge%fggngggﬁg§%l$gge ogkgscorbic aci d 2ﬁgﬁH§%side" is set to
99. 1% or higher as nentioned above. <Dypagic vgpor sorption |evel > The
term "dynam c vapor sorption level" as referred to as in the
speci fication neans a val ue calculated by the following Forrmula [2] based
on two wei ght val ues determ ned on a noisture sorption/desorption anal yzer
in such a napger of rAMwNRG Viriealwataned rdor aasalmggrecyol Cowsngllinioy,
stand at 25C and a relative humdity of 0% under nitrogen gas streamfor 12
hours, and wei ghi ng t#eteesintd bgsednpt sheanavdsr A-row gt Tve tislampbecfale
stand at 25C and a relative humdity of 35% under nitrogen gas stream for
12 hours, and i medi afery anepeiary t Reapdauft iSegrsenpte ejidi Hi9 FePRUAECRD]
. VWBY6 - WD% Dynam ¢ vapor sorption |evel (%?,' . x 100 _
crystalline ascorbic acid 2-glueceside, where the powdery

standard samplie consists substantially of anhydrous
agrystalline ascorbic acid Z-glucoside.

Ho An analytical wvalue for a degree of crystallinity,
determined based on the powder ¥~ray diffraction profile
for a powdery standard sample containing ascorbic acid
2-glucoside, where the powdery standard sample consists
substantially of amorphous feorm of ascorbic acid
2~glucoside,

Hs = An analytical value for a degree of crystallinity,
determined based on the powder X-ray diffraction profile
for, as a test sample, a powder containing ascorbilc

acid Z-glucoside.



W% WD17. Wei ght of a test sanple neasured honediately after standing at 25t
and a relative humdity of 0% under nitrogen gas streamfor 12 hours.
N35%M\ei ght of a test sanple nmeasured imrediately after the test sanple,
whi ch had been neasured for W% was allowed to stand at 25C and a rel ative
hum dity of 35% under nitrogen gas streamfor 12 hours. <Reducing power>
The term "reduci ng power of the whole particulate conposition” as referred
to as in the specification nmeans a percent (% of the reducing saccharide
content to the totalirsugafmu@ent@nt, itha pesiesanptey daf Cotet beh byroheles
following Fornmula [3] based on the reducing sugar content and the total
sugar contfent tihe besisobfDigtacoseidet anal yiet-oh SonpgyitiMNel Sonang Het kdd
and anthrone-sul furic acid method widely used in the art, where O-glucose
is used agﬁausmahﬂﬁﬁ@tgmmgnadda{apowd@rx~xayd1ffractlonanalyzere‘u1pped
with a reflective or transmissive optical system. The powder X-ray
diffraction profiles contain data for diffraction angles and
diffraction strengths of anhydrous crystalline ascorbic acid
2-glucoside contained in a test or standard sample. Examples of
methods for determining the analytical data for the degrees of
crystallinityofsuchsamplesincludeﬂarmans'method,Vonk'ﬁnmthod,
eta. Amangwhichﬂarmans’methmdispreferablebecau5@ofitseaﬁinegs
and accuracy. Since these analytical methods have now been providad
as computer softwares, any powder X-ray diffraction analyzers,
equipped with an analytical apparatus installed with any of the
above computer softwares, can be suitably used.

As “a powdery standard sample containing anhydrous
crystalline ascorbic acid 2-glucoside, where the powdery standard
sample consists substantially of anhydrous crystalline ascorbic
acid 2-glucoside”, for determining analytical value Hjypp, there must
be used an anhydrous crystalline ascorbic acid Z-glucoside in the
form of a particulate composition or single crystal, which has a
purity of 99.9% by weight or higher (throughout the apecification,
“% by weight” is abbreviated as "%”, unless gpecified otherwise
but the “&7 affixed to the degree of crystailinity should not be

limited +thereunto), exhibits characteristic diffraction peaks

inherent to anhydrous crystalline ascorbic acid Z-glucoside, and
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Forrmul a [ 33: Reduci ng sugar content Reducing power (% - x 100 Total sugar
content <Particle size distribution> In the specification, the
particle size distribution of a particulate conmposition is determ ned as
follows: Metal sieves with opening sizes of 425, 300, 212, 150, 106, 75 and
53 pm produced by Kabushi ki Gai sha |ida Sei saku-sho, which are conpli ant
W th Japa&eﬁ@ilgr&@us&mmaﬁmd%r daf( Hrd 8801 - by ysaakl Ace ukatelrpivei ghed,

stacked in the above-identified order, and nounted on "R-1", a re-tap

si evi ng shalgancopiaduced:bynKeshikithGaes han Tahakaf dfagakld K kparticulate

Sei saku-sho. A prescribed anount of weighed sanple is placed on the

upper nost csingwe ithaviogs ang bpenyhgabiinelofie42%semn e lgriied spatkedulate

sieves, followed by shaking the sieves for 15 mn while keeping the stacked

condi t i onsorpeeigafrent é@&hﬂéftﬁﬁea@?ﬁ@ké§e§Fé@é§dmﬁ§a§@%Hr%?@@? H@W%ﬁ@d,

and the weight of the sanple collected on each of the si eves . was det er m ned

by subt r adtitig Ciie LeF RPOBF L dith COP TERE LEPeVRRY RGP ENYSAAi ] "EhdS SBHBFe

fromthe weL%P of the, carrespondi ng sieyve. aftter shaking. Particle size

G St but PB4 B S EBy ST LOY ARG oE RBUHer BRE B el Tt 19 Parithe

wei ght of the particul ate_compositi ect.ed ol chiof, the . si.ey¥ss,t 9r

t hat of tﬁg‘@gdggaoggngfgggggPlﬁ& ﬁé@bﬁ%ﬂé aé@éjémbfﬁ% ide 1 LOrm of
a single crystal. For reference, when analyzed with a computer
software for Harmans’ method, a powder X-ray diffraction profile
of the above-identified powdery standard sample of particulate
composition containing anhydrous crystalline ascorbic acid
2—glucoside, which consists substantially of anhydrous crystalline
ascorbic acid 2-glucoside, gives an analytical value Hjge, usually,
ranging from about 70.2% to about 70.5%.

As “a powdery standard sample containing ascorbic acid
2-glucoside, where the powdery standard sample consists substantially
of amorphous form of ascorbic acid 2-glucoside” for determining
analytical wvalue Hp, it must be used an ascorbic acid 2-glucoside
in the form of a particulate composition, which has a purity of
99.1% or higher, exhibits a powder X-ray dififraction pattern of
only hale inherent to its amorphous form, and does not substantially
exhibit any diffraction peak of anhydrous crystalline ascorbic acid
2-glucoside. BExamples of such a particulate composition include
those which are ebtained by dissolving the above-identified powdery

standard sample for determining the analytical value Hyg in an

appropriate amount of refined water, concentrating the solution,
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<Production yield of ascorbic acid 2-glucoside> The term
"production yield of ascorbic acid 2-glucoside" as referred to as in the
specification neans a content (% of ascorbic acid 2-glucoside, d. s b.
in an enzymatic reaction solution obtained by allow ng an enzyne such as
CGTase to act on a solution containing :L-ascorbic acid and anyl aceous
subst ance s -aeoBt-aRl 10 aseorbhecAtkdtd; ghwgostgeng dihe rdw@ltant in vacuo
The term content of ascorbic acid 2-glucosidc,e,, d. s .b., nmeans a

per cent agep( Yo hy weightoioftascardriteraciad 2 . dliucosi devdn, tdfezn odate pel g
of a sanple containing the same when cal cul ated excl udi ng water. For
exanpl e, theéansan sighof meteod ontdnt Wfe wsicorbinterte t 2s¢ingeadhdexper iangs
in a solution is a percentage (% by weight of ascorbic acid 2-glucoside to
the total tdelti d copréAtylabgc|ardingg hdosr e@ntiaitng | ALPRERRBI &L 1 6n 2wt e
t he neaning of the content of ascorbic“aqid_g-glucosidF d. s.b. ina
parti cul aPECEBREES| EOsH 1§ KDSELA8Rr aghot of & bST weFGht "o t e bt ght WbED @
ascorbic acid 2-glucagside tg the total, weight,of the particulate.... ...
Composi &1 GRMPHRER B4R LHPAPedoby #BUR Mo THE 1« Gt RO B R gft By FRgrraction
particul ate canposition as that exgludi r._cont.ai i E N e T s s
particula?gcgdﬂgﬁﬁﬁ&P%ﬁbcgﬁnﬁgggﬁgg ?@Fpggggﬁgtﬁ§@%%ﬁ égﬂg%??eFfvul%%L
referred t i.n.the . spegi.ticati IS -def.k ned_ L Qus: i M8nzists
R T R A e
sol ubl e staneh., g.aWyaBEtﬁc%&}HJ:a?'ﬂfo(fﬂ%ﬁ-a@):cr%’l@ dcMca] 1cidaBich], oft des
is added 0.2 m of an“enzyne solution diluted appropriately, and the

resul ting Spl190 iics 1keRt uat H0Gisad wamed i G om aband 103 noakbent
initiating the enzymatic reaction in respective anounts of 0.5 m, followed
by i mredi at.edyy. adding 15 ml of 0.02 N sulfuric acid solution to each sanple
to suspend the enzymatic reaction. Each of the resulting solutions is

adm xed with 0.2 nl rf 9. 2-dhdodi neasplat fon tetdeméhdpocehotstiaad, vafver
10 min, the colored solutions are respectively neasured for absorbance at a
wavel engt Hoef 18600Rrbyithepecsa ot okt e F1ddied A5y - gdHarSAgeCaTase
activity using the following Formula [4] as an activity for starch ,
hydr ol ysi & hdgdeunprastyvit perderade e shaeeyaed HE PHEIEN D hE SHRITHC ARAE

compl etely dimnishes the iodine color, of a solution containi.ng 15. .of .
st gPCh. F)c/)?r‘rﬁjll%f:‘{%j]q@ of a standard sample used 1001* dc—:%@rmgnlng thcg analgglcal

value Hy, prepared from the standard sample used for determining
analytical value Hyp as mentioned above, is limited up to 899.,1%,
even thought the purity of the standard sample used for determining
analytical value Hyg is distinctly as high as 99,9% or higher, as
shown in the later described Experiment 1-1., Thus, the purity of
“a powdery standard sample containing ascorbic acid 2-glucoside,
where the powdery standard sample consists substantially of amorphous
form of ascorbic acid 2-glucoside” is set to 29.1% or higher as
mentioned ahove.

<Dynamic vapor sorpltion level:

The term “dynamic vapor sorption level” as referred to
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AaAbl Activity (unit/nl) X (dilution rate) Aa0.2 Note :"Aa" neans the
absorbance at a wavel ength of 660 nmof a reaction solution at O mn after
initiating the enzymatic reaction. "Ab" neans the absorbance at a

wavel ength of 660 nm of a reaction solution at 10 mm. after initiating the
enzymatic reaction. Csoanylase activity> The term "i soanyl ase
activity" zasinefBer 88=t0r 8Sat Mo heesRed Matatkl eali-aldekined dlsefiblbweing

Formula [2] based on two weight values determined on a moisture
sorption/desorption analyzer in such a manner of removing free water
from a sample by allowing it to stand at 25°C and a relative humidity
of 0% under nitrogen gas stream for 12 hours, andweighing the resulting
sample; and by allowing the sample to stand at 25C and a relative
humidity of 35% under nitrogen gas stream for 12 hours, and immediately
welighing the resulting sample again:

Formula [2]:

W'ﬁ&'« - WD%

Dynamic vapor sorption level (%) = x 100

Wos,

Woy : Weight of a test sample measured immediately after
standing at 25C and a relative humidity of 0% under
nitrogen gas stream for 12 hours.

Wagy @ Weight of a test sample measured immediately after
the test sample, which had been measured for Wy, was
allowed to stand at 25C and a relative humidity of

35% under nitrogen gas stream for 12 hours.

<Reducing powers

The term “reducing power of the whole particulate
composition” as referred to as in the specification means a percent
(%) of the reducing saccharide content to the total sugar content

in a test sample, calculated by the following Formula [3] based



To three milliliters of an aqueous substrate sol ution containing 0.83%
(w'v) of Lintner sol uble waxy corn starch and 0.1 M acetate buffer (pH 3.5)
is added 0.5 m of an appropriately diluted enzynme solution, and the
resulting solution is kept at 40C and sanpled at 0.5 mn and 30.5 mn after
the initiation of enzymatic reaction in respective amounts of 0.5 nl,

foll owed by ipeediahelygadding dbdnofarfd @2eNestthilusiigaactodnsehut ion:¢xm
each sanple to suspend the enzymatic reaction. Each of the resulting

sol uti onscifs atrgyXxedosa t Ric@.chmineaf O0ofl Nidnaenie-Nsdlzuti'en t vedbudl opand
colors at 25C for 15 mn., and then the colored solutions are respectively
measur ed forthabserbadcerat s iwavel kad i dofl y619:d im e aht abhSemst Porbeepse
foll owed by cal cul ating isoanylase activity using the follow ng Formula [5]
as an act il tyeflopsspaptRNEFUEOFYSFEANEAe unit activity isoanylase is
defined as an enzynme anount that increases the absorbance by 0.004 at a
wavel ength of 610 nm under the above neasurenent conditions. Fornmula 1151:
AaAb Activity (unit/ml) = x (dilution rate) 0.004 Note : "Aa" neans the
absorbance of a reaction solution at a wavel ength of 610 nm "Ab" neans

t he absor%ance.of control solution at a wavel ength of 610 nm
2.Particulﬁmeégnﬂgértion cont ai ni ng anhydrous crystalline ascorbic acid
2-gl ucosi de of the present I nventLOfcing sugar content

Reducing power (%) = *x 100

Total sugar content

<Particle size distribution>

In the specification, the particle size distribution of
a particulate composition is determined as follows: Metal sieves
with opening sizes of 425, 300, 212, 150, 106, 75 and 53 um, produced
by Kabushiki Gaisha Iida Seisaku-sho, which are compliant with
Japanese Industrial Standards (JISZ8801-1), are accurately weighed,
stacked in the above-identified order, and mounted on “R~17, a
ro-tap sieving shaker, produced by Kabushikl Galsha Tanaka Kagaku
Kikai Seisaku-sho. A prescribed amount of welghed sample i3 placed
on the uppermost sieve (having an opening size of 425 pm) among
the stacked sieves, followed by shaking the sieves for 15 min while
keeping the stacked conditions. Thereafter, each of the stacked
sieves was accurately weighed, and the weight of the sample collected
on each of the sieves was determined by subtracting the weight

of each of the sieves before loading the sample from the weight
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<Degree of crystallinity and dynam c vapor sorption |evel > As
descri bed above, the particul ate conposition containing anhydrous
crystalline ascorbic acid 2-glucoside of the present intention contains
over 98.&% but less than 99.9% d.s.b., of ascorbic acid 2-glucoside; and
has a degree of crystallinity of 90% or higher for anhydrous crystalline
ascorbi ¢ agi d2ngl uessirdepcwbiengcakeul at edrbasedsnakanpt of i Iruof i powdesize
X-ray diffraction analysis; or has a dynam c vapor sorption |evel of 0.01%
or | ower. dastexphaiined iby dherdodddvibngokpelaténys theherepantt qdatentage
conposition containing anhydrous crystalline ascorbic acid 2-glucoside of
t he presernt)i nierite orididy pigthheabolve: ey eenglo sdrijisrakpil Arey egr onhrach
dynam ¢ vapor sorption level, is significantly, hardly solidifiable
conpared ©d Ghgsisi@veg- graddafowderde evafachdisghi®- has substantially the
sane | evel of purity of ascorbic acid 2-glucoside as those of

quasi - dr u§FFCANE LSl eris 1o Had S8 ArEE e Pt 14719 ) ¢Ebi ¢ aci d

2-gl ucosi de than th t grade. . Further..as,
Shoun i m the. ol | owihs EXBBr AR bAd CRAE pAAICEH S BEBrbo8 T ohete
contai ni n%éqoytgﬁ%ggég%)qyéig%%se ggggl%?cg%‘ﬁapﬂnﬁ%{?m a%foxﬁ%%ﬁlg%f:o%c# corbic

2- gl ucosi se" W th egree Ci'ys imty wthin above range

have a dy 1.CrV timon lLevel 0..01%.0r, s o MR € L k § R
dynam o vaae Ze e R I e e hon e A aaTeg by e
crystal l'i gjyt ¥105w98%an enzyme such as CGTase to act on a solution containing
or hi gher f oranhydr ouscrystal'l i neascor bi caci d2- gl ucosi de. Thus, the

parti cul atye LGRResId Q11 o QIR M yIg cdhydraussicdysd al | i ne ascorbic acid
2-glucoside of the present invention can be defined by either of the degree
of crystalddanidantd af ardnedious oriystald ines sty bil cs aeid 2- gl ucosi de or the
dynam ¢ vapor sorption |level of the particulate conposition, and, if
necessary it can be Tef itmath bpnbenh. of ascorbic acTHeZnebninglide, dynanbe.,
vapor sorption is a phenomenon where the vapor |evel contained in a sanple
changes asnaans kumediaeytaosurid )t by yadphs p§ ahapgedcapcihdcéngtyfpside to
tenperature. Although, unlike degree of crystallinity, dynam c vapor.
sorption Iéveltcds la wedgitds @t at FeaPiLRdeRNLeA dhgcEPRI BRIPL yheR gapprlated
sorption is not an index that depends directly,on the crystalline structure
of B pondH BRI TERHBI ) - | 1+ ohA~ BEDL peckll SREaH ¢ RAC oS PTG CRbtr BRFGEDLE

h , toth Lidificati f.th ticul ate conpositi d
oy 51 Gt FEh Ty ERGRGE® GeBEnUP G O End CRIGIR b L OBOR 1T DI L&) Bl
as the purity Qrf o%?s%%rc%r ﬁﬁg:\%ﬁ%; %:mgﬁ?l%lo%q e’?ceééi}t ?ﬁgﬁ@é&:hcf.l ggiﬁ.‘éeGBRtE—:n?s

parti cul at’& cOnpasi 1101, consi nam ¢ vapor sorption

| evel m“'&a‘%&r&’?‘“ﬁﬁéﬁl ’cdmlécﬂ)rir W%k“%ﬂﬂfé?? S Qhyl; Qlf iﬁﬁ%}giu}@ﬁn@fﬁg_ of

particul ate conposition by noisture absorption. ound i n
the fol | oWy EXReiiMBRt $scSriPBE tHGW 2L g1¢emRASIL I @NsCANG aimiangaanhydnaus
crystalline ascorbic acid 2-glucoside with a dynam c vapor sorption |evel
of over O-L%%oraition is a percentage (%) by weight of the weight of ascorbic
rel ativel yeasil ysolidifiesundert hetestedExperi nental conditions, while
those w t ha@i@yramueocrapertsonpticinl e¢ehhafoDrOd%art lovwertdaonpbsition,
substantially solidify under the sane conditions. The fact indicates that
t he dynamwhemaporlcorptedroy evelaaliong id hdatee. degregd: off thygspakltiinitiptar e
power ful indexes in realizing a substantially, hardly solidifiable
parti cul atecronpdisi o ons doritaiat aigichinty dvedsr @opdisdingche nageer Pretagidate
2- gl ucosi de.

composition.

<CGTase activity>

The term “CGTase activity” as referred to as in the
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The standard sanpl e used for determ ning the analytical value 140 in

obtai ning the degree of crystallinity, i.e., "a powlery standard sanple
cont ai ni ng ascorbic acid 2-glucoside, which consists substantially of

anor phous form of ascorbic acid 2-glucoside"” exhibited a dynam c vapor
sorption level of 1.7%as shown in the |ater described Experinment 3; while
the standard sanmple.used_far -detearm.ning., he a Hiivealmivalive tHi0 dm an
obtaining?p?ﬁéfggﬁﬁégno%hcﬁggggﬁﬁiﬁﬁ){gﬁyéﬁf "g%tgadery standard sanpl e
cont al ni ng ﬁ@@é{g%%%tg@(-.%t@éﬂm&ar@%ﬁemﬁm@nm 2- gh pepsitde sodhbth soensitst s
substanti ar y of "anhydrous crystalline formof ascorbic acid 2-gl ucoside”
exhi bi t ed-g gynam G MaRQIF R’ REHOB. bpyeinofl howenithan delectden 14 rddehd
did not substantially show any dynam c vapor sorption, as shown sinmilarly

i n Experi geptyBer<sRaehikohe Silze idirstitlbutd eppropriately, anhthepraieryidd
enbodi ment of the particulate conposition containiq? anhydrous crystalline
ascor bi ¢ aef dt2sgliscospidet é0°E henpgreseried Hyve minand 1§ mébritidisist par t3 ¢
with a particle size of |less than 150 pmin an anount of OgboL nprf of~$he
whol e par theukatgmebipositeibhen ahd é@ﬁP@?ﬁ%V?h%@%ﬁVW%rP%.%aftm 1 eF L'

53 pmor nore but less than 150 pmin an anount of, 40 to 60% of fhe, who
parti cul aby dowpediaticdn. Siddéect A& Fer tlcdl -ate 'id?%bjofsqzt‘)i%nd(tjo t%?}n%lggw t8
anhydrous crystalljine ascorbic acid 2-glucoside of the present. . nt i

can be, f@&# ‘x%ﬁ%@%@t@b%W#REW%ﬁngVV@WQ thfﬂd%héoﬁbogggﬁhgﬁng%E%E%%%??%Ie

size distribution required in materials for,f ; ICL Sy i 1 S, HhecMBpit
That 11 b SR AL TR L7 o b 1 AR PUSAESL e bbeenst

quasi -drugs,. or pharnmaceuticals simJlarly, as LoAantdional aeresewbtheutely
al tering 'O&dﬁv@ﬁproﬁgﬁeﬁrggdgjbbﬁjg%é%%'or et er al regulatig%s.

<R€aCFi0nﬂgg§qJ&§f§r BQ@FBQHSéQQd%%%%f@ngthof66pnmbjﬂs@enmeb@hbedm@tgr,
enbodi ment of the particulate conposition containing anhydrous crystalline
ascorbi ¢ afca% - ¥Gosi g, Oft e coreseni ot NWENY ieilng theaitldinsiily ascumbac
acid and/or 0O-glucose and has a reducing power of the whole particul ate
conposi ti ony pgkngh Lessvihamcens.percaptirofgsusl | knowni.t lacdsodrtly et &&ilasand
0- gl ucose %ave direct reducibility and i nduce brown col orati on when heated
in the coexistensedafs aneosmpoundahaunng et aomghoupl ¥ ntirdmiehesut e 1yd iGeh
as amno acids and proteins, and therefore they should not preferably be
present i nc@igardt culatleitcianpasintiaomicantld Hiongfaskydrdus crystal line
ascorbic acid 2-glucoside as a product. However, for exanple, in producing
a particul &atenchapbsi ti on, containing anhydrous crystalline ascorbic acid
2- gl ucosi de, obtained through a step of allomjnq an enzyme such as CGTase
to act on a solution containing B2 ascorBPc aci d'and arayl aceous subst ance,
reaction inpurities such as intact L-ascorbic acid an - Q! S nived
fromthe ndtervalyamyhbedbbls 3uBstance w11 inevif%gfgjggggggﬁaﬁﬁ)thus
produced particul ate conposition agﬁgny rate. Kok exanpl e,

Note : "Aa" means the absorbance at a wavelength of 660 nm
of a reaction seclution at O min after initiating
the enzymatic reaction.

"Ab" means the absorbance at a wavelength of 660 nm
of a reaction solution at 10 min after initiating

the enzymatic reaction.
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i n conventional quasi-drug-grade powders, the anounts of L-ascorbic acid

and 0-gl ucose contained therein could reach about one percent, d. s.b. , in
total, and this may induce unpredictable browning reaction when used as
materials for food products, etc. Thus, in the present

invention, while permtting unavoi dable incorporation of L-ascorbic acid
and/ or O'QiQGQfﬁlaé@eaé§QH§{99 power of the whole particulate conposition
of the particulate conposition containing anhydrous crystalline ascorbic
aci d 2-gl ucosi de i stgenidahledd:on)e8s thal ving pPasceaterAsdshown: iim tihe
| at er descri bed Experinents, in producing the particul ate conposition
cont ai ni ngpaphyteausonr yst akkinedassofbitoaeciid 2- gl ucosi de of the present
invention by the process according to the present invention, the reducing
power of the whol e Parthcakaméldonpbsiti ofi ean Aseeeasi |Mpbadiradted tlotliess
t han one percent. As |ong easthe reduci ng power of the whole particul ate
conposi ti oantaingss QHEH dive vpeptehi D tpaF tdciiiaite Yédvp6SITi DR o M g
anhydrous crystalline ascorbic _acid 2-glucoside, which even.coniai; .
8WﬂluLed

cid : :
L- ascor bi ¥ araidtenbRéfen- giudose, L6 HEE Subdtahfi®dl PYPFABGERTS
col oration even en heated, jn the presence of. a cogpound wd-h_ _an no gro
ot ol CEUFFE §OLob Oe A Hoe SEEHTEaRE rstcns’S TRBHGS M R D P

D20l Ucos: 65, CuRITEIT Bt 20 LM BbCor o M d andrss ob oF e B ERiP AR o
reduci ng ng%tgﬁ;gcﬁgg?t \gﬁﬁgﬁtgaw %qlsam,qumq%waoe%ab%ln@&edi%&%waguc@mg

percent, have they can be'i ncor porat into food products,

cosmet | CS%LFQH.%SEI%%%’ NaQﬁJ_PG?E‘{.H‘i&@&'&i 581 8¢ i &h genesabn Widhout {eatugfend
causing coloration and color change. In this connection, when the reducing

power of the wholksPaE tdGlhate .CoNPOSidi @Rel Scd€FSiidad 1o oper ¢endami el
total content of” L-ascorbic acid and 0-glucose is 0.2%or lower, d.s.b., to
the parti qulate.saapaesi 0I.0N. N iodine solution to develop colors at 25°C for

| nanor epr ef err edenbodi nent, t heparti cul at econposi ti on cont ai ni ng anhydr ous
crystalline aseerhihd abid 2hgl nobsirde obluhopseseat répventionl hageamirad
L-ascorbic acid content of 0.1%or |lower, d.s.b. As used in food products
or the |iKeragamrtsmmdeoxt darvarergdigeh 64 €avehy en, 21 s aguordiad cdoi Eollso%‘iﬁ%h
inreactivity with oxygen. Because of this, it is considered that = .

L- ascor bi &yackHonbat bhg yi §GrIues hiekd VésVorat Por-ithd? HEed FRTTRéa 3]
presence of conpounds having am no groups i ntranol ecul r.IyZt Qg%,glso

i Sti not | y5ra AEBSVLBY e ToHOnROYSAOGY Ppar { (051 ALt E6TpoeI¥itnb PRy bese | o
fact, as shown in the later described Experiment, according to the finding
obt ai ned By Gfé ipEssérit %ﬁé}m@s,fﬂmﬁf-@?%-w&%%wel?' P erERb ard

b 0.2% af, .L- bi i.d [ L ly,.i1.nd . " '
hemsel ved BOCGHRS V8 HaR 1 B DR GRTGY LT ot e ST ar el | foLRe have |

nentionedp%g%ﬁﬁgor%q_relatively | ong period of tinme. In contrast, in the
case that“a“parfiéﬂléte conposition containing anhydrous crystalline
ascorbic acid 2-glucoside has an L-ascorbic acid content of 0.1% or | ower,
it initself is free of causing fear of pale brown coloration even when
stored in the sanme product formps the pguasi-drug-grade powders. For
reference, according to the production process of the present invention,
the L-ascoihiiGgiag dieqnt/ant in-the-parti-cul at gd¢dopodsht rabegont ai ni ng
anhydrous crystalline ascorbic acid 2-glucoside of the present invention
can be relatively easily made 0. 1%of0Kkower w t hout increasing production
cost through the purification step of, successiely conducting colum
chromat ogr aphy usi ng ani on-exchange resin to renove sacchari des such as
D-gl ucose, etc., and then col um chronat ography using cation-exchange or
porous resin, partd cul ARy, EPPIYi BesiaRAANEEEs - BDvitngt Bedl £t ufriution
chr omat ogr aphy using cati on-exchange resin_as the col um chromat ography
usi ng cati on- exchange ra&if. wavptedeess ¢brop? dfici ng the particul ate
conposition containing anhydrous crystalline ascorbic acid 2-glucoside of
the present invention 26



The particul ate conmposition containing anhydrous crystalline ascorbic acid
2-glucoside of the present invention can be the one prepared by any
production process and should not be restricted to specific one producedby
a particular production process, as long as it is a particul ate conposition
cont ai ni ng anhydrous crystalline ascorbic acid 2-glucoside, which contains

ascorbic acid 2-gl ucosixig i feaRsamint =0k ce¥enc88. HP6 but chessol hans 8. 199%
d.s.b., and has either a degree of crystallinity of 90% or higher for

anhydrous crystalline ascarhhgcaehgtR-gruedgige. or a dynani c vapor sorption
| evel of 0.01% or | ower. However, according to the foll ow ng
process of the present invention, the particulate conposition containing
anhydrous crystalline ascorbic acid 2- gl ucoside of the present invention is
rel ativel ¢.easPhytprodated; ceteopivoess dsadiadaling conb#aHASUE het ¥ 01 bl Hee
steps CAto (5% (1) Allow ng CGTase arid glucoanylase in this order to
act on a g6katPdhA 86hfafntAYCEs H8eob bi ehadper we- dﬁpﬁﬁﬁédﬁh substance to

obtai na sol ution cqngalnln? ascorbic acid 2-glucoside i roduq ion yield
of 35% or “RPGRER; O 25T PRERTYIRYTY heF eSY AT Hy SRS o?‘rbfo‘?qfaci fyascor bi ¢

d 2-gl de t t tent of
over 865 d 5. b ; (47 G SRITERTRY FBSHAE g RO A Gt %ﬂﬁ%%%’w“g
bi I d jt.ent of % b, .. ol
acid 2- Sf"%bﬁgfﬂ%g%%ﬁ%%ra’?m AR T GOS Ly 4 o T Ao 2B e P BT I Berd 2% deoet i

(4) coll e%ﬂ% ek s IR ga%wgvgv%%r ysstm_}t ogeasebie aci d.2-8l ucrgssa@teor@md

(5) ageing, rylng optlona Y, veri zing the col ['ect ed anhydr ous
crystalIlggjasgo&pﬁgogp&@ rﬂjHgggﬁ@%grgaeg@QQW%L%UQH&1%&60£Gﬁﬂ?@&lNE@Nor

expl ai ned bel ow.

for anhydrous crystalline ascorbic acid Z-glucoside, when calculated
based on a prefile of powder X-ray diffraction analysis; or has
a dynamic vapor sorption level of 0.01% or lower. As explained by
the foliowing Experiments, the particulate composition containing
anhydrous crystalline ascerbic acid 2Z-glucoside of the present
invention, having the above degree of crystallinity or the dynamic
vapor sorption level, is significantly, hardly solidifiable compared
to quasi-~drug-grade powders, even though it has substantially the
same level of purity of ascorbic acid Z-glucoside as those of
quasi-drug-grade powders or has a lesser purity of ascorbic acid
2-glucoside than that of a reagent grade powder.

further, as shown in the following Experiments, among
the particulate compositions containing over 298.0% but less than
99,9%, d.s.b., of ascorbic acid 2-gluccside, those with a degree
of crystallinity within the above range have a dynamlq vapor sorption

level of 0.01% or lower, while those with a dynamic vapor sorption
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<Step (1)] Step (1) is for form ng ascorbic acid 2-glucoside
fromL-ascorbic acid and anyl aceous substance through an enzymatic
reaction. The materials and enzynmes used and the enzymatic reaction

enpl oyed are successively explained. A Mterials and enzynes used

<L- Ascorbi c aci d> Exanpl es of the L-ascorbic acid used in the present

i nventionii:peh uderany e bRRse kAnkhBensieem efepdty diroxyyach Ul onigy et alos
salt thereof such as alkaline metal salts and al kaline earth netal, salts,

and even sdiwres fderebdideans ke viised IwWnthouodiifd aeld yglsAoplideeouBhus,
subst ance> Exanpl es of the anyl aceous substance used in the
present i nuentpantioclaide pofrgioesidtianchcosweenipgt abohptareh, ¢mxydlochl ine
starch, corn starch, wheat starch, etc. Anong which, those, which do not
subst ant i askprhaveaahny brahetestdr rafttice pirgseafolaganat Py dun havieiined
uni form gl ucose pol yneri zation degree, are preferable; cyclomaltodextrins,
cycl oanyl byedithyrthedintededrprolbscretter 11 Hid padri aahAPFuprer et iabl &ine
because the have a,géfcose, ol ymerj zation degree of 6 to 100 aq%lq§ye

y all i ee of 6 to .
a strai ghﬁ‘EEﬁéLh‘:sfﬂFﬂxét ar 819Foalde r aF ghte cRER AN EG Y FROGLF U L d! Ve
drol ysat es

liquefied starches in general and. partial starch h at e; e used.
e anyl abDEESERRSUAAEE, SORRGE At boBy of Brant b SORTYOI b rar T (MSEh A
polynerizggaggtgegrees by hydrol yzing the branched sites of such starches
by using ase i'n conmbination with, for exanple, a starch debranching

enzyne(s) such as ig@a @%%gn EG 8B-Zrrknfd) Pudyanase { BC Shdndndddn

Tsoanyl ase is particular referable as such starch debranchi ng enzynes
because i {;hie$el eRE1tapHandeablendepeadi 1Y 08ainb$ el d GsaehiVhEdidity

substrate specificity, etc. <CGlase>

around the sample is changed at a constanlt temperature. Although,
unlike degree of crystallinity, dynamic vapor sorpltion level as
a representative index for susceptibility of vapor sorption is not
an index that depends directly on the crystalline structure of a
powder as a sample, it can be speculated that moisture absorbing
phenomenon relates to the solidification of the particulate
composition andmay significantly change, depending on the saccharide
composition, as well as the purity of ascorbic acid 2Z-gluccside
and the particle size of the particulate composition. Thus, it is
considered that dynamic vapor sorption level would be a powarful
index for evaluating the solidification of particulate composition
by moisture absorption.

As found in the following Experiments, a particulate
composition containing anhydrous crystalline ascorbic acid
2—glucoside with a dynamic vapor sorplticn level of over 0.05%

relativelyeasilysolidifiesunder the tested Experimental conditions,
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Exanpl es of the CGlrase (EC 2.4.1.19) used in the present invention include
any of those of natural. origins or those which are obtained by reconbi nant
technol ogy without particularly restricting to their origins and sources,
as long as they form ascorbic acid 2-glucoside in a production yield as

hi gh as about 35% or hi gher, when all owed successively along with

gl ucoanyl gge; k ntﬂ;igé Wrders LRkl 0P a@os0LHELENCA0DEREDI &F (-@ESEQnbiiewaa d
and anyl aceous substance. Exanpl es of such enzynes of natural origins

incl ude Cglases dAgydreed faam ceobacitll wesdst egtothemephiliusche- 62rss riaiat
and Ceoba cill us stearothernmophi / us Tc-27 strain are preferabl e because
of their ielathvesyhaitgbhrgtiaet i-omydeldrpt iasconbicadond W2-igl bbesiade;ee
anong which, the former CGla se derived from Geobaclil us stearothernophil us
Tc- 62 stratbnisstrostirpref erabp@rdnttledmslest:st e qeaddurdticon sHkeithrgfially,
ascorbic acid 2-glucoside. Exanpl es of CGTase obtai ned through
reconbi naherONA sethiiof balyle nesuiekcut ke examprel Lidie et Hdviiy HH G
acid sequence, wherein the 228th |ysine resjidue in the am no acid sequence
of CGTaseCpyslactd By BeoOPatT | #45 st earitertophi | us Tc-91 strain, i.e.

the am no acid sequggge SEQ 1D NO 1,

h laced, wi i i c. acj d
resi due. To obtain hShaPaRt 9 CrorlsEe e _%% Eﬁgﬁﬁggalﬁéagh%H%%%ﬂh%‘%ﬁ%
i i d , Wherein t] 28t h |ysi .esjdue. h N j
sequence SEB TG PRALThRLT e P Acan o b GLan G Al 4 Fedl ety
'ntrOducegtEHEgKSQﬁ@ﬁgkﬁgéhéﬁf%gﬁgaggg%giéﬁuﬁxiQggguc §§&é!?ﬁﬁ§ﬂpﬁgﬁé§sts

etc., to transrorm oSt by “expressi the gene in't
transformiherantially. of 1R8oADONEs | dehki fded,sGeaback! des S -glucoside”
tearothernnpﬁlﬁUS Tc-%?, Tc-62 ‘and Tc-91 strains are the m croorgani sns

di scl osedciypidapanesedbahant Kekal Nerp63d89ldbe(Japanese Hatgndwn in the
Publication No. 2)791/78) applied for by the sane applicant as the present
inventioniasard theyrhpwe hepsrdepasi Bedwhnldathenatahastdt strepbé Biescience
and Human- Technol ogy Agency of Industrial Science and Technol ogy, Higash
1-1-1, Chde+ermIstikgbahshianatlyarakii, visdpan Hisnder dihter iacicessiton degber so bf
FERN BP-11142, FERN BP-11143, and PERM P-2225 (under transferring procedure
t o | nt er natiyenall. LDepoyi t1 undet a ttiee degwessioir 1l fhep 1 6fc FERVINABL. an2ydyous
when confirmed on the day of July 14, 2009. M croorgani sns which were once
cl assi fi e¢tiymte 1a Lgeorgraiitie? 2EhE Frre @t idfosBhdFhtH SiFed 84 BRRM FHasY
st ear ot her nophi | us have now been all transferred to oup u r the, pa

of m cr ooPaHIRYRF VIS FRESEpEEI RS EORBAHRE PP PLGL S PTGt Heshiio “fﬂrfﬁ-ggsﬂxhb%{;%ﬁq?
t he name of nicroorganisns of the genu ‘.stil,l, ha beegﬁus d

" ill ! | .
that Tor GubTRg end oHee SorgIionieBE LT LGERERGERD Hehaet: BRoni M headd

ci rcunmst ances, to avoid canfusio t he m ¢croorganj s 0] : eci_gsS
"Baci | | us & eJFHtﬁﬁﬁﬁﬂﬁﬂ1-T%% Yar QWEﬁHHéé%WVﬁég§?%§$§¥h%?%gg"?ﬁbs#arehown
descri bed ,a iﬁ@%ﬁ qQ ;gg %rigggkf§_"GEObacillus st ear ot her nophi | us™

throughoufﬂt e Speci iI'on. <3 ucoanyl ase> Any gl ucoanyl ases

(EC 3-2-11§%rQ9%‘%es%%%ﬂcMﬁ%E@BhtﬁBEQifiC restriction independently of
their origins and sources and they include those in the formof a natural

enzynme and those obtgl negh dye F eLoHRAN BN £ aghinplegy cuas tkongmpss Sl ase
and gl ocoanyl ase, when allowed in this order to act on a solution

cont ai ni NG:ckrtaseark anagidoasdcagytareats substlaneescidrim@seerdide adi dhe
2-glucoside in a production yield as high as 35% or higher.
present invention, it contains particles with a particle size of
tess than 150 pm in an amount of 70% or more of the whole particulate

composition, and contains those with a particle size of 53 pm or

more but less than 150 pm in an amount of 40 to 60% of the whole
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Since glucoanyl ase is usually added to an enzymatic reaction solution after
the solution is heated to suspend the saccharide-transferring reaction by
CGlase, those which can exert a desired enzymatic activity suitable for
actual use at a relatively high tenperature, for exanple, about 40 to about
60C so as to save energy and tinme needed for cooling the enzymatic reaction
after heaphp@ichNabge cohsss Ol ugpany| eseceoniral Ny aa-dlaugesi-dasemddia tion
resul ting ascorbic. acid 2-glucoside will be hydrolyzed thereby, and

gl ucoanyl agarsuhshanihi@ldyods eaaftarlglivcosisdaseii-sadedi kabl ycasede Ahythe

gl ucoanyl ases Carl be used independently of their origins and sources as

| ong as t beystukfiibkethéoabawe bequifitementamplfeor sexdip a;ordonmee atitdeid a
gl ucoanyl ase preparation derived froma m croorgani smof the genus ,

Rhi zopus, theptaogetl dearrs fofdv@OCOAVE #20000t 1Dahl. @n 7 ¢ e 1 § sed 8 1 2F by
Nagase ChenteX, Corp., GOsaka, Japan; and others derived froma o

mi cr oor gadpenf @Fd pRedyenss RspErgtne Reprlodiiet hafRbPe @ TCayME RHger ial
commerci al i zed by Amano Enzyme Inc., Aiehi, Japan, can be preferably used.
B_Enzynatﬁ@rréggyﬁoﬁ;oduots, cosmﬂﬁécﬁb||%ﬂfﬁb—€&%@%ﬂI1ughégharmaceu,lca"$
saecharideﬁtrﬁn

.ansterring reaction to b-ascorbic_acid. CGlase is. all
2ot Con o Saltagrony aeugeryeiknchaherted STt En Ebhe e . BV EhAL
and anyl aceous substance. Wen.. L an: h an aqueous sol ution, one
or nore Dpﬁpﬁggiéopegrﬁﬁgsoﬁr@dggggéfeﬁgéghﬁbl@ﬁ%'hydroxyl group at the G2
position qQf, L-. rbj of resyl i | Ny f lpg ascorbic acid 2-glucoside
wth one 8?§Hﬁg§§§ ?ggﬁgggggguﬁg&t%&t eih d§%§§¥? group at the above C 2
position, and other 1g- glycosyrde apE0RPHENAC M HBUSAr 8821 8t e &omposition
-mal tosyl -L-ascorbic acid, 2-0- a -maitotriosyl-L-ascorbic acid, and 2-0-
CE - nal t olc@hi-a08Y hglaARGAFHLE @€y eha i gdh Davetdlc lkedast 2tyouloglideosé the
resi dues bound to the hydroxyl group at the above C-2 position.
CGTase i s pussahly ialdeomednt, o jactcar: amsaduecus solatdacn] préidouBtylucese
prepared to dissolve L-ascorbic acid and anyl aceous substance to give a
subst r at e ac@nbents atddoriofy power 40R4thienwhn larmuritlefl dta o800 sdlilos/ geing
anyl aceous substance, followed by an enzymatic reaction at a pH of about 3
to about 1@santhantwppeacens-ofABOeLd MOIWN f dragCorddst 28 % AMGuPsylucose
preferably, about 12 to about 96 hours. Since L-ascorgiq acid is _
suscept i bln@vigo desegat iredicikd 146VutNen LEHBGEIPEPEPeFAbPY 2beRehelinbBR tod
anaerobi ¢ .or reducing conditions during enzymatic reaction, while shielding
i ght and 18R RaErySEEBXPXT AGOTRAUIEKRAPIRT B 8HCT HY TRGEATCLGER a5 1Y
t hi ourea or hydrogen. sulfide. ... The weight.ratip, d. . f
e any| ads6h SUBSLA S SHE 1200 PR P e garirt e Shapule no®

ferably be 8.2 to.3; [, Wen.the ratio.aof ,aoyl 66 eXGes
Phe above HEanga 20dgodiar P andror® | Bt o AEbiRNE. EaMP YRS, T Uen, BXRERGS
proceeds; ho) \?aﬁaté??%ﬁéf&%ﬁé09s&b?k@coﬂmﬁ§ﬁoﬁb?fu@&égdg'Q%UQQSngdbét.

restricte& he 1 ni [concentration of L-ascorbic acid, resulting in a
reIatlvelmdw@@éfym%mrV@kgﬁgl@@eqﬂ1§%?§ﬁ¢fh§ﬁaLxﬁﬁﬁﬁhﬁHQHQQIdmﬁﬁ@@@d&ohhe

above range, intact L-ascorbic acid w renmain in a considerabl e anount
and this i1t SHAREE0N cads tATUSHE balcosealoa pirddugl oo 1 decobdiangky,

t he above-identified ratio is considered the best.
through a step of allowing an enzyme such as CGTase to act on a
solution containing L-ascorbic acid and amylaceous substance,
reaction impurities such as intaclt L-ascorbic acid and D-glucose

derived fromthematerial amylaceous substancewill inevitably coexist

in thus produced particulate composition at any rate. For example,
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In addition to CGlase, in the case of using isoanylase as a

st arch-debranchi ng enzyne, such. isoanyl ase should preferably be allowed to
act on anyl aceous substance in the coexistence with CGlrase in a solution
contai ning l-ascorbic acid and anyl aceous substance, wherein the anount of
i soanyl ase to be added is usually 200 to 2,500 units/g anyl aceous substance
and the enzys®,+snefEydmth.eaklyrheagh-ade dovid@npenataiairnfs 585G aisdomeic
varyi ng dependi ng of the ‘optimum tenperature and pH of the isoanyl ase used.
Wien pul | yagased irs-aseth s canshaneh-dehraine hiong denzyae akdutcanebse rsedt j n
accordance with the case of isoanyl ase. After an enzymatic
reacti on wi.tshHCGhasecakdnerar tiad amg ywi tduae sharetidebbaadrion iedzyrec i son
conpleted as a whole, the resulting enzynmatic reaction solution is

i nst ant | y wheat edetioapnastcvatést her CoTadepaddmeldr % conbination with the
st ar ch-debranchi ng enzynme and to suspend the enzymatic reaction, followed
by all owi ng gl ucoam}hase t ¢racthen PEeseesul £PHENESPTLI oRiBy tRe AL TR of
gl ucoanyl ase, a chain of two or nDreHO-quco e resjdues

d th
hydroxyl §Péupi8eP el DS POEF t1Yn Vf LLAE5CEPbFc Gt ¢l C&Uﬁaﬁﬁ-g@f’&%r the
era 5 DR BTN L R G B S 8 gog R BB e phoocorle

-mal t ot et r agsyl - Tr.ascorbj ¢ .aci.d int i C i.d. .2gl.ucosi .0 an

i ncreased cﬁpgé)&&;ﬂ@ﬁ yic*eqrg‘dalg”gllggh %51%1\% h@éh%rd,zllg}rg;fcer% ?/*&3‘% 0 45%
of ascorbigt A¢i-d .20l ygog lied to less thAnt BReCaseRhLt henprodughi on
yield of égégrC%é%ggiggz?gﬁﬁgggrge bgin§535@6op h?Shgr,CpHeferably, 37 to

45% it fagiditates bRsehtiRER amfaltirdiale cOMPeSHLLIRCOMAI phRPiculate
anhydrous crystalline ascorbic acid 2-glucoside having a degree of crystal]

inity of QQ¥esikiigher dar.anhydy ousniofdishad | iaeyaseorhic asscoe it ucaside,
or a dynam c vapor sorption level of 0.01%or |ower of the particul ate
conposi ti on-dlhrcaughict ke frold pwiergnst epseq2)choby5rhe Fhecreasencahgingheo
upper limt of the preferable product. on yield is set to 45%is as
fol | ows: Iithd preshstanbiraht youlj ffhiculdaducd ngxpeedrt he Uppehdlienperiacuil ekheof
the today' s enzyne engi neering technol ogical while even if the production
yiel d of asgurdsid iz ¢ap gleucoside isslividegaded 1o SovdEySne s dadr-eeHBf
crystallinity for anhydrous crystalline ascorbic¢c acid 2-glucoside in the

resul ting it iasul e Eonpelid i BAVaRdot hehay WARLE Péﬁ&ﬁvcgé%iﬂi GRTpPadelion

thereof mouldanF %%ﬁ#ﬁpéggedérhgn%he %ﬂﬁ%xﬁhjhnf 8&£gggiéfgn¥i%£%tggning

ascor bi ¢ aci d-¢3# P ¢ P
anhydrous crystalliine ascorbic acid 2-gluceside, which even contain
L-ascorbic acid and/or D-glucose, do not substantially induce brown
coloration even when heated in the presence of a compound with aminag
group intramolecularly such as amino acids andproteins. Accordingly,
any particulate compositicns containing anhydrous crystalliine
ascorbic acid Z-glucoside, which contain Leascorbic acid and/or
D-~glucecse and have a reducing power of each whole particulate
composition being less than one percent, have the merit that they
can be incorporated into feood products, cosmetics, quasi-drugs,

and pharmaceuticals in general without fear of causing coloration
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2-glucoside is less than 35% it is difficult to obtain a particul ate
conposi tion containing anhydrous crystalline ascorbic acid 2-glucoside
havi ng a degree of crystallinity of 90% or higher for anhydrous crystalline
ascorbic acid 2-glucoside, or a dynam c vapor sorption |level of 0.01% or

| ower of the particul ate conposition even if prepared through the follow ng

steps (2) ,tQ (8)or ALLAQUAIN theeasan s tUReer LBEA. thE SaMEEH§ResHE Ated
that the above leflcuﬁgy modrﬁhbe gépendent upon a rel ative anmount of 5-0-
a - gl ucosyh e Lihd3eorRivg jadhd tand s 12 iva TheoSysslL taseordi« @wetck@s, the
total content of L-ascorbic acid and D-glucose is 0.2% or lower,
d.s.b., to the particulate composition.
Inamorepreferredembodiment, theparticulate composition
containing anhydrous erystalline ascorbic acid 2-glucoside of the
present invention has an L-ascorbic acid content of 0.1% or lower,
d.z.b. As used in food products or the like as an antloxidant or
oxygen scavenger, L-ascorbic acid is high in reactivity with oxygen.
Because of this, it is considered that L-ascorbic acid not only
induces brown coloration when heated in the presence of compounds
having amino groups intramolecularly, but also distinctly relates
to the coloration of particulate compositions per se. In fact, as
shown in the later described Experiment, according te the finding
obtained by the present inventors, quasi-drugrgrade powders which
contain about 0.2% of L-~ascorbic acidoccasionally induce a phenomenon

that they in themselves become to show pale brown coloration, when

of time. In contrast, in the case that a particulate composition
containing anhydrous crystalline ascorbic acid 2-glucoside has an
L—ascarbic acid content of 0.1% or lower, it in itself is free of
causing fear of pale brown coloration even when stored in the same
product form as the quasi-drug-grade powders. For reference,
according to the production process of the present inventien, the
L-ascorbic acid content in the particulate composition containing

anhydrous crystalline ascorbic acid 2-glucoside of the present
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by-products that are inevitably formed when CGlase is allowed to act on a
sol ution containing L-ascorbic acid and anyl aceous substance. In general,
5-0- a -glucosyl-L-ascorbic acid and 6-0- a -glucosyl-L-ascorbic acid,
where 0-glucose residue binds to the hydroxyl group at the 0-5 or 0-6
position of L-ascorbic acid, are recognized as crystallization-inhibitory

subst anceén\o/eh@bahn@dw tpd hee%w{z@lixl zakion efacrscorbi coaciidwerglwoaside,

and these 5-0- a -glucosyl-L-ascorbic acid and 6-0- a -glucosyl-L-ascorbic

acid are jipcreasing production cost through the purification step of,
successively conducting column chromatography vsing anion-exchange
resin Lo remove saccharides such as D-glucose, etc., and then column
chromatography using cation-exchange or porous resin, particularly,
applying simultaneous-moving-bed column chromatography using
cation-exchange resin as the column chromatography using
cation-exchange resin.
3. Process for producing the particulate composition containing
anhydrous crystalline ascorbic acid 2-glucoside of the present
invention

The particulate composition containing anhydrous
crystalline ascorbic acid 2-glucoside of the present invention can
be the one prepared by any production process and should not be
restrictedtospecificoneproducedbyaparticularproductionprocess,
as long as it is a particulate compesition containing anhydrous
crystalline ascorbic acid 2-glucoside, which contains ascorbic acid
z-glucoside in an amount of over 98.0% but less than 99.9%, d.s.b.,
and has either a degree of arystallinity of 90% or higher for anhydrous
crystaliline ascorbic acid 2-glucoside or a dynamic vapor sorption
level of 0.01% or lower.

However, according to the following process of the present
invention, the particulate composition containing anhydrous
ocrystalline ascorbic acid 2Z-glucoside of the present invention is
relatively easily produced; the process basically contains the

following steps (1) to (D):

33



inevitably forned as by-products along with ascorbic acid 2-glucoside and
t he above-nentioned a -glycosyl-L-ascorbic acids. The content of the above
by-products is usually as | ow as about one percent, d. s . b. , in total;
however, the renoval thereof is generally difficult because these
saccharide-transferred products are eluted at substantially the sane
position as that of {@scomilewacicd c2rgkucastdglupcenpyenti pnathpsrofdeatton
step with a colum. However, when ascorbic acid 2-glucoside is fornmed in a
production yield as hi ghaas 3IbPorsdiwghiem qreferrably, L-3FsdotE%ylid and
all owi ng the aforenentioned natural or reconbi nant CGlase to act on a

sol ution. containing L-aseoibicecas shlamicsany tacdgusi rsabstlaiden ¢prtaining
production yield of 5-0- a -glucosyl-t-ascorbic acjd and 6-0- a o )
-gl ucosyl - L- ascor bi ¢ aci e ifotCédcéedl 8069447, &7 it Prodyctdrs Yimsdaot
result, it can be specul ated that the subsequent crystallization of
ascorbi c acid 2-gl ucosi de’i'n & FHAHieEdl at e conposition of anhydrous crystal
| ine ascorbic acid 2-glucoside wll proceed nore smothly. . | ,
Further - 1t can be s Shaanarett thEr e PR GHETG T ST G AECaBBYE
Lheory; when OGTa se is used; as.a, 3acehani A LEANSE AT DG, EORY T aLbErpic
bi ndi ng fashi on between -0 ficdse-Yesrdues 'h*a -glycosyi- -ascorbrc acrd
such as 2-0- a -maltosyl-l-ascorfic AGid +& Qve.3 Rl tatgigsyl-L-ascorbic
acid, etc., is the a -1, I nkage, even when two or nore D-glucose residues

are transferred to thn MO GiPURALLHL0ng POSIEI QN A1 cRFCANRICan
acid. Therefore, the binding between the above gl ucose residues is easily

cl eaved by the subsequent;Aacidon: Ofi Qb ughasyt agecbateanv@rdvdh@es, d.a.b.,
gl ycosyl -L-ascorbic acid into ascorbic acid 2-glucoside; and,

f or exanpl e, t her ei snof ear afg ensy i sgofz ccrystatbizaddon- 2ahlbiooige te form
subst ances, such as a -glycosyl-L-ascorbic acid having a branched structure
SliCh as the a -1, 6 |inkage)ydwvers afityetalisrng vecampliasactidedtmencoshidke
when a -isonal.tosyl glucosaccharide-form ng enzyne is used, for exanple.
<Step (2) > (1) Stleprqi2)ng she orpa vy arsoervet onl boheararhge
ascorbic acid 2-glucoside obtained in the above Step (1) to increase the
content of ascorbic acid 3 wobiWeRicGvenB6% d.s.b.; the solution
cont ai ni ng ascorbic ﬁgid_ngjucoside,obtained in Step (1) is deCQIoredvgnd
filtered with an acti¥at tFEH#FcodFYiRdc. Ao TRV Dy YesBit Y RE $He9 the
resulting filtrate with a_cation-exchangge resin _and applying the desalte
sol ution to col umn chr onetBYrHPIR td“ﬁl}g%‘%}l“} h@ré/oﬁq‘t?tqﬂ‘&ﬁ’yet o%gc’ig EPACCoRtER
of ascorbic acid 2-g|ucos§g Vel 6% preferably, 88%or higher, d. s -b.
As the colum chromat ogr aph used Tor purification, basically, any colum
chr omat ogr aphi es cany . as. 1.ang,.as .t.hey, J.NCr.s ; or.biy¢..aci d

2- gl ucosi de content'“ﬁgéﬂggﬁhﬁﬁéﬁﬂ?gH%Véfb Gqu Fggﬁéfbﬂg$2%gr?Qéﬁgferred
exanpl es ofgsyshc@re col um chromat ography using a cation-exchange resin or
porous resin, which follows colum chromatography using an ani on-exchange
resin for renoving sgegharidess seh i&ﬁrn&r? GRS X iR $ -0f1. | idae: i des irk e
ani on-exchange resins to renove saccha rides such as D-glucose include

" AVBERLI| TH.4 RA A 13 a andl = hAMBER K BhukRAGES R c o ot dugif amkhelmaréc reaction.
commerci ali zed by Rohm & Hass Conpany, Phil adel phia, USA) ; and "Dl Al ON
WA30" (comiBrecirakiezédlbyaid tessuyinsds u€hdnamwalt hGorpzymIvkgoredkapary) employed
Exanpl es of the desired cation-exchange resins to separate ascorbic acid
2- gl ucosi derd romdessicorly exgdiad niagcl ude " DONEX 50WK8" (commerci al i zed by
Dow Chemi cal Co. , Mdland, 08A) ; "AMBERLI TE CGl20" commercia 1 zed by
Rohm & Hads- GnpanialPmnddel 9mas WSA ; " XT- 1022E" (comerci al i zed by
Tokyo Organic Chemical Industries, Ltd., Tokyo, Japan) ; and "DI Al ON 5K104"
and " DI Al ONUBICSERC (5okH of which are commercialized by M tsubishi

Chem cal Corp., Tokyg, japan) . anpl es_of the desired rous.resins !
"ol e TOYOPEARL. LIabE LTEaterital 1S eR B Pagtneins hRyBE FABSet
and "CELLFI NE G+ 25" (commercialized by Chico Corp., Tokyo, Japan) In the
case of conducting col umm chromat ography 44si ng cati on-exchange resins or
porous resins, preferable conditions are as follows: The solid
concentration of a material solution to be fed to colum is about 10%to
about 50% the load volune to a resin is about 1/1,000- to 1/20-fold of a
wet resin volunme, and refined water in an anmount roughly equal to the wet
resin volume is fed at a linear velocity of 0.5 to 5 mhour. . Anmobng which,
in the case of using a sinulated-noving-bed colum ch roma t ogr a ph y as
t he col unm chromat ography using a cati on-exchange resin, such colum
chromat ography is preferable because it increases the purity of ascorbic
acid 2-gl.ucoside in the resulting purified product and reduces



si mul at ed- novi ng- bed col unm chr omat ography, where a cati on-exchange resin
is used as a packing material, are as follows: The concentration of a
solution, containing ascorbic acid 2-glucoside fed to the above col um

chr omat ogr aphy, is 60%or |ower, the |oad volune of ascorbic acid
2-glucoside containig solution is 1/20-fold by volune or |ower of the wet
resin vol ume.., aRd,t r}_%c‘.i%'d%”%n?f Jeefieed wat encusetra @k dydrixy saciol &br e
than 30-folds by volune, usually, 5- to 20-folds by volune of the above

| oad vol UEpetal salt there¥Bemnidhescontebin®measdorhicsanidl a2kgluceseaethn
the solution is 86%or lower, d. s .b. , it is dif

ficul ttooktcaiznaparis cuhatercconpositd®nheonticsmoe askgdricus iy §5E &l Fhiy -
ascorbic acid 2-glucoside having either a degree of crystallinity of 90% or
hi gher for <anydreussceybtahhiae ascorbic acid 2-glucoside or a dynam c
vapor sorption level of 0.01%or I|ower of the particulate conposition, even
when treated wth tH@ﬁﬁﬁﬁéés§fv§h%i%ﬂE#%QBo%ﬁaSégﬁt?”Tﬁeu?%§§gﬁL%? present
specul ated that, when the content of ascorbic acid giglu%o§%ge.in tpe_Ch
sol uti on iiggaYsicn drweide ot ato sharchy fYaf ey be S58E6 DI RGP 7PN
2-glucoside in the resulting particul ate osi ti.on, cqntai.ni ng .anhydr
crystalIiﬁ%”%hé@ﬁ%?ﬁ“a&#&aizéﬁdES Fd@€8bt§§ﬁgggﬁﬁPégﬁhqtC%kgu%%égﬁéﬁg g?@ps

i latively | this. hind t.he t.h. Gr. || izat : i but
The Sof uti DRI 60 b T8 gR08 BReAChbrpe T D gl lent G Cont enl BFS

over 86% pref erahly. 88%.0r highep,: Ons by acibi CRUGRRLT alRd poesbYabac;
prescriberxgﬁc%ngbéngﬁiqﬁ%ﬁ%#?%,ﬁg”ggngeﬁ?rétion of about 65bto about 85%

of aSCO”mégéﬁéﬁ%”=£ﬁ£§@§i§§; 99&96ah§1&@@s?r halHd AMd dnamy Bps@f, etc.,
anhydr ous ystalline ascorbic “acid 2-glucoside. The concentrate is
usual 'y coptdsoll,ed i1-9:have apterpesatur &«faahkouthd) tal labbavedsr. gTheose
concentrate, having the concentration and the tenperature, corresponds to
ascor bi ¢ agh e gl HeOsbH el cgeriab Nibng: 300 uinidin v tistar aghir ath o degresvol
1.05 to 1.50. <Step (3) > Step (3) is for crystallizing
ascorbi ¢ agt da2sglradasicdentiomayslalatsonucontai ni Wgeby ek GB8Y cr LarabIey
88% or higher, d.s.b., of ascorbic acid 2-?Iucoside into anh%drous.

crystal | i nen ascerbilcamt pd r2ighiotosidehyeihel yspLEEATTBREEIN h® F8vdrmes s
acid 2-glucoside, previously purified and concentrated Kf give. a prﬁscribed
purity andscbatanceati dheand @ont r BFEEATEBLY prd¥tribeFd enbBRAF ur § 1458 %ep
(2) , is transferred to a crystal | i Y7er, admxed with 0.1 to 5% of, a. seed
crystal of PahWparbastePysfiapreme RXdoydrel Wer e 215@? Ypé‘b%fi“g‘é@}d %t i & e
gently, followed by gradual |y _cooling the tenperature of_ lut i .
to 20t oveﬁterFBeaénhbﬁﬁ@gt%@?‘y‘stﬁ} Pebliaafops oLy E&F}Eé@gi@de‘%‘%&' e
anhydrous crystal|ine ascorbi cid 2-glucosi.de a peed; cs ypt of .
anhydr ous §F§§PHF -He a@%%Y%?gs ci'd' ngﬁ%ozﬁggmyggggreé 9 g%éigﬁtéﬁkltﬁﬂg

crystailizgl )8 8nacbNBEE 15 N0 ned Qb RARhleY 6! ya Addeng. sUGTH 2 Raath1 e

crystal . AP eévents, crystallization of "anhydrous crystalline ascorbic

aci d 2- gl uggside, Hiamde.5DONEn REGEN iRl LhbsaRbel o all Yoglli eotiethd nudiitee
presence of "such seed crystal. |f hecessary, concentration of the purified

sol ution apdseh¥ghal bhzat koan ofmanhy dieusy Lt ystatbineavscopdi cfacldy, stc.
2-glucoside in the solution can be sinultaneously carried out in such a
manner of bepkirAgeprocess. <Step (4)
Examples of the CGTase (EC 2.4.1.19) used in the present
invention include any of those of natural origins or those which

are obtained by recombinant technology without particularly

restricting to their origins and sources, as long as they form
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Step (4) is for collecting the crystallized anhydrous crystalline ascorbic
acid 2-glucoside; the massecuite is collected fromthe crystallizer and

t hen anhydrous crystalline ascorbic acid 2-glucoside is collected by
centrifugation. <Step (5)> Step (5) is for ageing the collected
anhydrous crystalline ascorbic acid 2-glucoside and drying the resultant
and opti onal. ayblé?l:tl M%EHZQDQJh@@sqlﬁbeqinpﬁogﬂééucth@na‘ylm/ﬂdo&@ ieryistas ldment
ascorbic acid 2-glucoside collected by centrifugation is washed with a

smal | anount ef rebhaed WALETa BL6HeaSs (et ons el wad prn@nd i s1lid d cednywiod @
to wash off the inpurities adsorbed on the surfaces of crystals. The anount
of water usednferowashitng shourdanetlepecinf zoathynbegrestsceteds doweverd
an excessive anmount of which dissolves the crystals per se, as well as the
i mpuri ti esyleswlotisngubatancedudtxan b s dfesprbdiret yigns ernél‘t afdlaprigins
increment of cost for washing. Therefore, the surfaces of the cr¥sths are
usual |y, prefacablGTaashederd vAdvaE ef @@P%Ja?nﬁﬁnﬂ@fﬂa’éhpém%’%’ us Tc-62
preferably, 15 to 25% of the weight of the crystals,_The wash 8 f

pr ef er abl ftd”@ﬁmﬂﬂ%@?%%%“a”%éh?ﬁFPG@@T’"%% O5 RC2hars b drities Dbt BFaRtfg

Cakhe S Gut R chd B 5l e T I o B FERSE 22
predet er m,ne 11%%%%3;@?&@?@% &mfor% gctcpﬁaeéecHEPEQLB%ME(‘%,{%EW&EQ

make the re ‘a part Fculate conposit i

crystal l'i rug(eyaﬂtjl?(}%o%flihwh@a E8rs @fﬂwr@u o%ra,yﬁ}@kém@l@smm@mawdme

2- gl ucosi de or vapor sorptlon evel of  0.01% or. |ower,

Al t hough t .Qq%%t enpenat Uke ok it-he Par bi-guhale igrposi tion contalnlng
crystals |H¥aq%§ agelgg and drylng stlepsC t he %gﬁatlve hum dity of the

at nosphere, and the s fay ageicag.and iyi Ngeshedkdunat rspeeidicald yhha
restricted as long as a particulate conposition wth the desired degree of

crystal l'i ridohrdr) cdyphant Cudlap oo rSetquhp b, bavelnd Saobt@enethidoneveésequhece,
product tenperature and the atnosphere should respectively, preferably be
kept at awtenperatbeef™ 20/tineb5Es1dnd fat thershimd ve ldurediencofo60GE8590%
in the ageing and drying steps. The total tinme for the ageing and dryin
steps is gﬂﬁﬁhnahibyaEQdeslibuabﬁmﬁaaplﬂﬁmﬂQthmﬂﬁ bérﬁﬂcﬁ@%@b”cdnﬁb3|ﬂgén
containing crystals, obtained through the ageing and drying ste

unf or ced! yArEdHl & ich segvaRSEe FECt éﬁp@@at br FAntEe ggmliaGachre 1@’0%8%@{“11%
cont ai ni ng anhydrous crystalline asgﬁrblc aC|dP5§gluc05|de wth a degree of

crystal | i m&y dte5g084or rIgl‘?g‘?lkéira”f’?)r';‘ hydtead & 8¢ | FRe" ekt oF e ad §°0e

2-gl ucoside or a dynam_c  vapor tion | ev of. 0..01%.ar, The,
Crystal |1 fRNGREIIC IR ETEHRpaGHb ﬁqmg%b‘?% gl e ipe Rgnue

Vi el d of st REA R o sE RbRbdat SRS L BPEE e Yot FhED BEHEERT %o
o) AL ZIBLNSRE, Ol PR e EOL U b IS hoNe, SRtk
producti on, st 8PSpaci1ius subtilis, ete., to transform the host, followed by
expressing the gene in the transformant.
The above-identified Gaobacillus stearothermophilusTc-27,
Tc-62 and Tc-91 strains are the microorganisms disclosed in Japanese
Patent Kokai No. 63189/75 (Japanese Patent Publication No. 27re1/8)
applied for by the same applicant as the present invention, and

they have been deposited in National Institute of Bioscience and
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for quasi-drug-grade powders and they are free fromany steps for
recrystallization and for repeated washing of crystals, which are both

i ndi spensabl e in the production process of reagent grade powders. The
particul ate conposition containing anhydrous crystalline ascorbic acid
2-glucoside thus obtained is quite pronptly made into a substantially

non- hygr ogeQR QTB@QBb.@H&;??XE@%@WI @ W 4 s afeh AP haviad dheaoighyQWE Ngash i
ability by unforced cooling affer ageing and drying steps, however, the
degree of jcnystakchiubiby frenmkaphydnays ieaystkdl | ingsascarbicr atid 2qghachsi de
does not increase to 90% or higher and the dynam c vapor sorption |evel of
the parti guhdtescerpCErM err-daad 2notFHRdWeTP-t1d. 100301 % et HiEFMerE - ddhidn {iedern
unforced cooling time is too short. Wen a particul ate composition, .
prepar ed wirthsskartnynforostiicodbi ot ¢ime; Lo dPeeesl§ Wil CRERGCEHTF HaPn
product, only obtained is a particulate conposition which possibly = .

sol i di fi esiumheer ofoFFBM &BBraga’8) r cultaneesisnad| @k | hasiayast -%%ng-{gﬁl ade
powders. Being influenced by the atnospheric %ﬁﬁpeh turecagd huniditg ggd
al s0 var yi?R§ 9de pbher eRp it Hes BACE WRAS QTR CGRESHfed into a group under

t /[faciliti, d dryi ng, the passible shortest unf
001 ng RS PG GFL EnPS0robEtH A L ARETAy " SOrTACE"EabPTpArEs Ba St o
it f th L tion is, ' o, be . : 5
Cinder - conSEANPoEOrHl 1 {oA0>  TREED Ukdn RS BT SR B BerubBne (0] heo

unf or ced C%ﬁ%h@%@ég&é SQU SIS 101 3dLUSbEAG hBE,dROLee BludrAS! ALl Alky

to 90% or h er for anhydrous crystalline ascorbic acid 2-glucoside and

adjustingcﬁh%ﬁgﬁmﬁypgaﬁ&% Qr 30 nWheRnl haggvenspt keniheMgk Bbed used as
particul ate conposition thereof to 0.01%or lower, and (ii) the atnospheric

t enper at urg Angohusd i ¥y the 8NEeo8XaRhneds dpeR $pechéhdemprAatusesndnd
facilities for actual use, there 1.5 no need in each case for exam ning the
degree of iafaesdt alikicdinkyaandst heo dywnain eovdpaeriosor phé omi devetgaofisans of the
particul ate conposition at every time of production, but the particulate
conposi ti apeafidshe prasent]iaventdten mahcimopitidisdd byansi ng “Givelalsdvd us
unforced cooling tine as the index. The present inventors
further foutreh tdvaterriaphpllace’ ofc dator teed sadhiong Of thnerpatefclegbacillus
conposition containing crystals after the above-identified agei ng and

dryi ng, foftexanplenapiidiedd [WeeLiohe By throwrf§ 4 16PEaRMair with an about
anbi ent tenperature to the particulate conposition to | ower the tenperature
to around EMRNYIERAFeT at ure snoothly proceeds the crystallization of

hyd talli bi id 2- j int i e
oot o Wrth & oBf SERRRe PSR e 5ok GobPbA T R P Phesrigie
talli bj id 2- osi de.apd_ 8 d i 5 Ve Lon Level,, of
o bbror Tovare RIS P BRHEER) (o B YRR VY PP Re Rl
preferabl y, Q@@% LIRAL Al ] anging, raprqaf%t%l J&@e}@@m 3Qse WY@ ined

pr ef er abl y, n addition, the blowng ti s usually, preferably

about 5 to, bz%ganﬁﬁ r{grpr DRRS Ee@ﬁﬁ%ﬁ?&& | Va5 BQy i a30¢ ik s ¥adyd np dependiag: on
the tenperature of blowing air, the éffect of forced cooling 1s not so
clearly obsesyed 1Wiel 81 RIHQW H8att " akrl@ss ddan fdveontaihesy wedw \Em.c

i nproved increnent in the degree of crystallinity is not expected even with
a bl owi ng £&1® @fd oxeyl H0:dhH, sk dthtrs, stehm biové gl d iaeld S2nptucoside in
preferable. In the case of blowing air, the cooling effect should

pr ef er abl ya berexet t eoh t hiweufhhouthidie adhdle par thiceat.e conposition
containing crystals either by appropriately stirring or vibrating the
particul ate conpositBéonce gluceamylase isusuallyaddedtoanenzymaticreaction

solution after the solution is heated to suspend the

saccharide-transferring reaction by CGTase, those which can exert
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The particul ate conmposition containing anhydrous crystalline ascorbic acid
2-glucoside thus obtained is of the present invention, which contains
ascorbic acid 2-glucoside in an anmount of over 98.0% but |ess than 99. 9%
d.s.b., and either has a degree of crystallinity of 90% or higher for
anhydrous crystalline ascorbic acid 2-glucoside, when cal cul ated based on a
profile of powder. X&aw.distf £action, anakysi sofshe Rkl cub afteacamposi ¢d on,
or has a gynanlc vapor sorption |evel of 0.01%or |ower, when kept at 25C
under a rel;ghi Yempuphehty, ofo:32%ahgn e]2about s4 afdenbpanydiC et hreeowsd e
fromthe particulate conposition under nitrogen gas stream Conparing to
convent i oralk: rgyasindd riigeg mdel qpovider s;odlnengpartd ol e wiohpusiatiom | stieer
significantly, hardly solidifiable particulate conposition containing
anhydr ous hewsydnal.| | he asepr biferraci i @aivices dontaieys wndetLepel vl t Fohs
where the conventional powders wal solidify. | n parent heses,
sol i di fi cateisoni tohomateniralis ®as da 3@@1{1@81\%% ol Yoot BT P b $ odiueF Fonr
plants. For exanple, in the field of a food ghpductiqnﬁ_ ere ?gmggrous 1
mat eri al s 2k Slge@AyheRenarRF Fal sl BY P ERfdH By O FCREEGABEI Var FSRETBYLY

| h , oair-t ted t duction,li,ne i r- bl ow_ng, e
L anspor GBSy oY ToARLUGRASy BR8P 4 S0L A" BEERANRELY i TS RooRey bl

terial [idified the follow pg troub B ) iLLobEs  for
duced: TG RSRC 101 Tond hor i ep Pp Al PP FECTEo R R ButhbheREs  for

ts(r)?:’lzlp]?r E%F%Onn tubes 1 nstaldigd Jop aprcgﬂ%%in%"lﬂiéﬁré‘ﬁﬁrép@i% 0gKkeyad Ar8em

erous nateri al's have TIS causi ng operati onal

troubl esone,euents qhin;LheLf GiesshULi AR AR N o Rebhult xinge @ kopadongye
with other materialFs. Troubles i'n production steps caused by solidAfication
of such paowdgysar @rdeseihbeshime rdetibidad bor nayaspl @hettteX, Corp., Osaka,
"Funryut al - Troubl e- Shooti ng” (Troubl e

shoot i ngof ngver oye pakki-elees)ived fedby s ut-ooughnthama fptibt gshed Asyeadyd us,
Chosakai Publishing Co., Ltd., Tokyo, Japan, pp. 15-19, 2006. ’

Si nce the pastidutat eaconpods! GLo0s cvRt AFAI ngommhydializedybyahtine &969FEi ¢
acid 2-glucoside of the present invention is significantly, hardly
soliclifiabte conparied Iapaconvent benalredeasivoldr ugegrade powders, it has an
advant ageous nerit that it can be incorporated into one or nore other
powder ous BFrat erEat wndorc figodEph®@duct s, cosnetics, quasi-drugs, and
pharmaceuticals in the field of manufactures of food prqducts incl udin

beverages, as wel | aBhef EBSHEYIRE, GHRLAIBr udd® artPpilit éﬂfﬁ%ﬁﬂ”F' %ch
e ool B et o ol ot et cacs e gred e L0,
el e or 8P £ Bund SkER R T BTG TR £ 4 8o 26 L2 olatid ous
oo g et inl oty APRSeLla s sl envinat oy o
cof fees, pouder 59? fg?%@? bl;@@%%.@da P SOy, 20 Pl er e e apfakdes. demamlLas

of powderous fateri r cosneti csi ncl udef acepowders, talc,

kaol i n, ndcaygefl£ids Stidrches; -henrbopi t encmd) kpandans, inelbuhbse povslayis;
nyl on powders, bat'h salts, soap tips, titaniumdioxide, silicon dioxide

(silica), apddazdnglexbdede Bxammles of-glowderous siauer balisdf bo uadi ydirags!
include amno acid salts, vitam n preparations, calcium preparations,

exci pi ent sgrbirhl 8t sthé unighwd des’, pared tenzy mangy epdeat iconsly Bxanptlegiscorbic

acids such as 2-0- @ -maltosyl-Leascorbic acid, 2-0- «
-maltotriosyl-L-ascorbic acid, and 2m0- et

~maltotetraosyl-L-ascorbic acid, which have at least two D-glucose
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of powderous materials for pharmaceuticals include powdered effective
ingredients; excipients and fillers such as oligosaccharides, |actose,
starches, dextrins, white sugars, crystalline cellul oses, sucrose esters,
and fatty acid esters; and coating agents such as shellac. The particul ate
conposi tions containing anhydrous crystalline ascorbic acid 2-glucoside
thus obt ained whsuakbyneonbatAelhageon Pl Coasid andiies Abaidlapse wid diae. a
reduci ng power of the whole particul ate conposition being |ess than one
percent. In detail, ddieyscane sabhsiacildrawgphrbi aut ate ;oopposctisonslinivhat
while usually containing either or both of L-ascorbic acid and D-glucose in
a det ect ablz@vievell yoypmnadngd cab dethotise slich sasrhiigh-apErd ormhneey ) & qapds
chromat ogr aphy, specifically, in an anount of 0.01% or hi gher but not

hi gher t hamiG.r2%cedts. dve ahspdaaacpadanl gt ponerf dft e HE%whbh én amount
particul ate conposition being |ess than one percent, and therefore, as
shown in tafell 40eP0@artit ey EvdarerBRt SUPREYIGRe SRbSAWRR i B PReyngEic
fear of causing discoloration (brownjn even n heated in the presen

of a conpdiffd(sPwittth SaRthd fgrduph né r‘g‘%mfl”%%‘l%m;(fl ‘i}{‘gsﬁche‘ﬁeeﬁﬂ"‘ﬁ Ea‘afdgg
and proteins.. Rreferably, the particul ate_conpositjong nt ak,np Ng. dg@us
crystalliﬁé’a’é%rﬂp& 3&i §e3° IgééshagrPhuErgggggkég’c%ﬁ%g?ngéLtgs%§§g¥cgg
acid in an_amunt of 0.1% or | ower. n.a particul.at i ti.0n. e
containinSK%HﬁVdro %n%ﬁy%tﬁf$?§%§%s%§$§ié“aéﬁ%ﬂ%ﬁgﬁgggéige ﬁ%%&%ﬁfbn, the

L- ascor bi ¢, acj,d co f =L O) .1 I Y (P iS5~ NQyf £y
' séﬁﬂﬁ&éﬁf@ﬁ%ﬁl@ BF%%éPMb%% Be %b%% OWRTy  ANSL el S ngrf ealueling

di SAoration 1n e partic e conposition per se, even when stored for a
relativel y,d.ong Refd od;.0fnd i &M, dhbthe sape: podugeh: for shasieonyentyroaknd
guasi - drug-grade powders. "~ Further,the particul ate conmpositions containing
anhydr ous gstyisdrad 11i\necascot bhg, deirde 2argh g osidehidiugy abeat medhcan thécurea
prepared alone into products of part iculate conpositions containing
anhydrous &r Wisic@tdddre Aascardsi.c acid 2-gl ut osi de because they usually
contain particles with n particle size of less than 150 pmin an anount of
70% or nore to each Hietheigiol papart i dukabe, cofipobit Rowd agrgushsslskiariiea
particle size of at |east 53 pm but less than 150 Enlin an anmpunt of 40 to
60%t 0 eacindflLthecowiole pardi il Bie sohpbéPRi sheuld) Rreferahsy e 8:2 to
containing a relatively | arge anount of powderous particles with a particle
size of |abgbr tHhen the rabéves§ aBtpERPEHS pAMS AR BrCRBYP g S PaYE irenge:

distribution differing fromthe desireg,level Sm@he .are a [gﬁrLagel N
pUT ver | zecPAE MR T T qrat ¢ FEPECSER6 Care il SGEFFT bEF by PEPEUEHD 6P e
oral s SOk RLE BRrLel s, BEEssoThe boHLOM DSBS AENLS S ALRl

_ | Af [PUence the "degree ©

crystal I &Bgﬁhﬁgrﬁjﬁgtﬁ&%gbft RELONoQf 52 E?,@Enghg_!i&?&ea‘&ﬁzo%‘gh@@ing in a

containin i né ascorbic aci ucos

Parti cul at 9&9@}2@% geaq_%%g@i NRIARhYAEAYS CrHSIAb %Dﬁsééﬁgﬁ.éia%i@(éﬂ:eeda

2-gl ucosi de wi erént degrees of crystall ' nity for anhydrous

crystal | i ng,asgorhi £2,364 d i 2rglucosi deo iy & heinange obhkta k0Q%oIR rable
prepared and tested fof solidification to exam ne the rel ationship between

the degreez@bugt ¥slathiBitynangidwe: solidbhiabihbtygtrThe~dekaklsrane:asn .
ot tove: Accordingly, the above-identified ratio is considered the best.
In addition to CGTase, in the case of using iscamylase

as a starch-debranching enzyme, such iscamylase shcould preferably

be allowed to act on amylaceous substance in the coexistence with

CGTase in a solution containing lL-ascorbic acid and amylaceous
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Experiment 1-1: Preparation of sanples <1;(test sanple No. 1>

"ASCORBI C ACI D 2- GLOCOSI DE 999" (Code No. AGl24, a purity of 99.9% or

hi gher) , a particul ate conposition containing anhydrous crystalline
ascorbic acid 2-glucoside, as a standard sanpl e consisting substantially of
anhydrous crystalline ascorbic acid 2-glucoside, was used as test sanple

No. 1. <Tesfrs%amRlke Merd®n the amount ofAipahhiCukates eeimpesick 08, upnepayed
by dissolving test sanple No. 1. in an adequate anount of refined water,

freeze-dryiong the el t gt 80 utdnon sfceioutshr eebshaysce andddryihag elrgne 15
resultant in vacuo under a tenperature of 40C or |ower overnight, was used
as anothemn$Wamdamdl§anwbeL¢edsE$tﬁngegwbsﬁantLabﬂyb@ﬂ:aﬂbrbﬁ@ﬁs,agéovbng
acid 2-glucoside and was called "test sanple No. 2". Test sanple No. 2 had
a noi st ur slepemddmg of howpkHewmmbasnesdtone kard PFi 8EHde rBORoY L agregeed.
sanple Nos. 3 and 4> As test sanple Nos. 3, and 4 with a degree
of crystal MDAt pufléplaﬁﬁ%r éﬁsuéf*gisﬁm Pi ﬁédaggofiﬁpéaﬁ‘émﬂ‘? P aeRi deétbefRg

bet ween those of test sanple n t ollomnn sanpl es were
prepared &€ HE19%we: ”ﬂcﬁéﬁPPEGIEFé bﬁﬁogﬁ??oﬁ cbﬁ%f%YEﬁ%ebf annrphous

bi d 2-gl d d the hod f
b, 2 was. Spread overt Wik fh s G oray SAnd bar FPARTY SrYRbarti Sea By
k t t
eepi ng '%%Cygﬁggéh%ﬁrs‘ngﬁpﬁam Pnerm Shif e A0ds Bl flid Y690 gahk%ﬂga

a tenperature o and'a’re OU S

accel erat ﬁjﬂﬁ%ﬁr Yﬁtr%lalcllﬂ@h' geiu{?s!eﬁe%é' yﬁéwanm? H&I@éd 'L‘b t.l'h@ilﬁt‘ﬁ@%ttealﬁﬁ@

out from
CGTase alone or in combination with the starch-debranching enzyme

and to suspend the enzymatic reaction, followad by allowing
glucoamylase to act on the resulting solution. By the action of
gluccamylase, a chain of two or more D-glucese residues bound to
the hydrogyl group at the C-2 position of L-ascorbic acld 1s cleaved
to transform « =-glycosyl-l-ascorbic acid such as 2Z2-0- «
-maltosyl-lL-ascorbic acid, 2-0«¢~maltotriosyl-L-ascorbicacid, and
2-0-q-maltotetraosyl-L-ascorbicacidintoascorbicacid?2-glucoside
in an increased preoduction yield as high as 35% or higher, preferably,
37 to 45% of ascorbic acid 2~glucoside.

In the case of the production yield of ascorbic acid
2-glucoside being 35% or higher, preferably, 37 to 43%, it facilitates
to obtain a particulate composition containing anhydrous crystalline
ascorbic acid 2-glucoside having a degree of crystallinity of 90%
or higher for anhydrous crystalline ascorbic acid Z-glucoside, or
a dynamic vapor serption level of 0.01% or lower of the particulate

composition through the following steps (2) to (3). The reason why
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dried in vacuo at 38C overnight to obtain two types of particulate
conpositions, wherein the one with a keeping tinme of 24 hours in the
tenperature- and humidity-contro.lied chanber was called "test sanple No.
3", while the other with a keeping tinme of '72 hours was called "test
sanpl e No. 4". Test sanple Nos. 3 and 4 were respectively enclosed in a

vial seal eleWibBed CaRiaNEPERECH¥EH WD Do Bpro@sterantyidla tesdecat®rass
under a sealed condition until just before subjecting to test for analysis.

Experi mentisla2: foPUtkit esitofi sascoshiaa tdaild y2 4glfddosil det anex cegd egs: ofpper
crystallinity of test sanple Nos. 1 to 4 <Purity of ascorbic acid

2-gl ucosi demit in view of tTleet pdayt & e zgyincaguorbier bed dezhgldogdicde bivekst
sanple Nos. 1 to 4 were determned as follows: Using refined water, each of
the test sanpEesvwas ifadds mupdhayusicis sol w$encbithi ahi Gérva%*‘ﬂhléfﬁomd@
filtered with a 0.45 gmmenbrane filter. The filtrate was subjected to

hi gh- per f dEMRREESESEEItP CHPONRE DrdBhPeCrPECH L (HOETE & He THdM Wn@ﬂhydmus
conditions, foll med b pulatl the purity ascor

2 gl ucosi G5Y54241BRe T &\‘”t“ﬂg‘ﬂéélﬁ%’é%l é‘% Sy ea-onting B Pakk QP Eat ot

cach [ ol achie e S P GALA, TIRcroBuLLs 210 ) G Tale ks poaht ol
Japan; De%% i%%ré@%HilZAM' conner0|allzed by Shlnadzu Corp., Kyoto, Japan
In the case of the production yield of ascorbic acid
2-glucoside is less than 35%, it is difficult to obtain a particulate
composition c¢ontaining anhydrous crystalline ascorbic acid
2~glucoside having a degree of crystallinity of %0% or higher for
anhydrous crystalline ascorbic acid 2-glucoside, or a dynamic vapor
sorption level of 0.01% or lower of the particulate composition
even if prepared through the following steps (2) to (5). Although
the reason is uncertain, it canbe speculated that the above difficulty
would be dependent upon a relative amount of @ 5-0-
—glucosyl-L-ascorbic acid and 6-0- @ -glucosyl-L-ascorblc acid as
by-products {that are ilnevitably formed when CGTlase is allowed to
act ona solutioncontaining L-ascorbicacidand amylaceous substance.
In general, 5=0=-a=-glucosyl-li-ascorbic acid and 6-0-«
-glucosyl-L-ascorbic acid, where D-glucose residue binds to the
hydrozyl group at the C-5% or C-6 position of L-ascorbic acid, are
recognized as crystallization-inhibitory substances which inhibit
the crystallization of ascorbic acid 2-gluceside, and these 5-0-

a~glucosyl-l—ascorbic acid and 6~0~ ¢ ~glucosyl-L-ascorbic acld are
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Col um: " WAKOPAKWAKOBEADST- 330", H+-form  comrerci al i zed by Wako Pure
Chem cal Industries, OGsaka, Japan; Sanple injection volune: 10 gl;

El uent:0.01 % (v/v) aqueous nitric acid solution; Flowrate:0.5 m/mn;
Tenperature: 25C;, Refractive index detector: "RI D 10A", comrercialized by

inevitably formed as by-products along with ascorbicacid 2-glucoside
and the above-menticned «-glycosyl-L-ascorbic acids. The content
of the above by-products is usually as low as about one percent,
d.s.b., in total; howaver, the removal thereof is generally difficult
because these saccharide-transferred preoducts are eluted at
substantially the same position as that of ascorbic acid Z2-glucoside
in conventional purification step with a column. However, when
ascorbic acid 2-gluceside is formed in a production yield as high
as 3%% or higher, preferably, 37 to 45% by allowing the aforementioned
natural or recombinant CGTase to act on a sclution containing
L-ascorbic acid and amylaceous substance, the production yield of
5-0-a-glucosyl-L—ascorbic acid and 6=-0= ¢ ~glucosyl-L-ascorbic acid
doea not exceed 0.5%, d.s.b., in total. As a result, it can be
specutated that the subseqguent crystallization of ascorbic acid
2-glucoside in a particulate composition of anhydrous crystalline
ascorbic acid 2-glucoside will proceed more smoothly.

Further, it can be also speculated that the followlng
relate +to the above theory; when CGTase is used as a
saccharide-transferring enzyme, the binding fashion between
D~glucose residues ina -glycosyl-L-ascorbic acid such as 2-0-«
-maltosyl-L-ascorbic acid, 2-0- @ -maltotriosyl-L-ascorbic acid,
etc., is the a-1,4 linkage, even when two or more D~glucose residues
are transferredto the hydroxyl group at the C=2 positionof L-ascorbic
acid. Therefore, the binding between the above D-glucose residues
is easily cleaved by the subsequent action of glucoamylase to convert

the glycosyl-L-ascorbic acid into ascorbic acid 2-glucoside; and,
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Shi madzu Corp., Kyoto, Japan; Dataprocessi ngapparat us: " CHROVATOPAKC- R7A",
commerci ali zed by Shimadzu Corp., Kyoto, Japan; <Degree of crystallinity>
The degrees of crystallinity of test sanple Nos. 1 to 4 for anhydrous
crystalline ascorbic acid 2-glucoside were determ ned by: Subjecting each
test sanple to the analysis using "X Pert PRO MPD', a product nane of a
comrer ci alg.y. avaé}!.:ﬁtm‘]%,r ef lgcied-1ight pewder ¥iay doffractmEieng of
comerci ali zed by Spectris Co., Ltd., Tokyo, Japan; irradiating a CuKa-ray
(X-ray el eetisir@10HEEEALH-40RAR01ebegt ri ¢ yabsapecedd Ky, wawd! engt ks 1. 5405
A), as a characteristic X-ray irradiated fromCu target, to the sanple to
obtai n a pomgen¥yiaydiktbabt.oacpdofdvierg andetdren stngatkecanal-t feakhe
value for the degree of crystallinity of each of test sanple Nos, 1 to 4 by
Har mans' nethed Ushhgga, Haveansfient hbe oonpoteylasdt WagatBRet ust vbeywhen
installed in the diffractometer. Prior to the above analysis, the particle
degree andrtheobehtipayl FlascFmasierdeeitRTPREy Lof ¥R re %%@éfﬂ%ﬁb@g?WQLFy
adjusted to appropriate levels for obtaining a base-I..ite judged, to be
nost pref %85I, (44Hi | e considering nutual |y overl appi ng peaks, diffraction

must pr of eidisie. (A4 | ¢ consi der i ng m ov: | peaks, diffracti
Pt torns. The. Har mercesraZhons| S ERE SR A TR TN B A RERE R

A, Wi di o | 9 lied Physi. i, 91, 506, (1 oad
RV S, Dl MRS G Mg B P SR80 0
Pp. 135 Lehiddiode 5B PEE e 2-d08cdedaeR oty yahald iy e eachct eat

sanpl e was“calcul a Substituting the | om ng data into the above

Formula 1: S teEs ¥ He; OL R area b G el diddd ¥n efepach ieskcsanpke;
H100, the‘%naiﬁggfggfbva e of thggqgf Fest sanple No. 1; and Ho, the

anal yti cal yvalye caf-otinat 0Ent &5t i wavgd enblecodl, Whan. amaliyseddlyy Heseansng
nmet hod, the anal ytical value of the degree of crystallinity of test sanple
No. 1 (anaiwdi€abuMmaliee HL1OO:@nd trhat ceft ifcestexsamploe Nesi2 Eadalypilydng
val ue Ho) were respectively 70.23% and 7.57% The results are also in Table
1. The powdes d¥seayediddinadicrone paltennsh ofma asy ragdnpte NosLIvithagodutaen
standard sanples, are respectively shown in FiGs. 1 and 2. As
shown i n RiGyive elmartardofheerdiid padt o Peaksl 39 eviEfi 86t o PATHFdRSUY »
crystalline ascorbic acid 2-glucoside were found in the ran

e of .
di ffracti of@angiesiighql )d45th- 654 the SOMIED )Gl?%fiinébtich]?%x oh®pat t'én

of test sanple_ No. 1, but not any halo specific to %ynaph?ys ascorhi c aci
2_g|uonsid@Jngi¢QﬁﬁRﬂ, basically, any c¢olumn chromatographleés can pe use

as long as they increase the ascorbic acid 2-glucoside content in
a solution to over 86%, d.s.b., however, preferred examples of such
are column chromatography using a cation-exchange resin or porous
resin, which follows column chromatography using an anion-exchange
resin for removing saccharides such as D-giucose. Examples of the
desired anion-exchange resins to remove saccharides such as D-glucose
include “AMBERLITE IRA4115" and “AMBERLITE IRA4T78RE"” (both of which
are commercialized by Rohm & Hass Company, Philadelphia, USA); and
“DIAION WAZ0” (commercialized by Mitsubishi Chemical Corp., Tokyo,

Japan) . Examples of the desired cation-exchange resins to separate
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VWiile, as shown in FIG 2, unlike the powder X-ray diffraction pattern of
FIG 1, halo specific to anorphous ascorbic acid 2-glucoside was clearly
found as a bunchy baseline in the powder X-ray diffraction pattern of test
sanple No 2, but not any di ffraction peak specific to anhydrous
crystalline ascorbic acid 2-gLicoside was found. 1]xperinment 1-3: Powder.
X-ray diffkaetbor anal ps§3ucehitiestr@anphecdosic kandi2c Usdad DONEX S0WXE”
synchrotron radiation Thi s experinment was carried out to
further cqabmmerthat itedtysboplCacNdsal Landi2dvend, pésper AETdarE C@hpl es
for determning the analytical values 11100 and Ho. These sanples were
subj ect ed (rorastrans rzttidéy-Rdtght Hpewdempinyay di fadedethdmeti3A) W Ehl §e2ECt s
a weak diffraction and scattering, using a synchrotron radiation (called
"radi at i ofcorhereilpafeen)by ek Rreaypifadh e ont sSOed I ffe &R&lyt TeRYC,
conditions were as follows. <Analytical conditions> Powder Mg—rmy o
Qi 111 act oneer NBael "PRAYGN 16k 104 rgh-Spdedtholier o8, Mgt Pr 4Bt chet ke
(Debye Scherrer node, cangera |.ength: 497F§‘pn)u onmerci al i zed by Kohzu.
Preci si onéé’.mm,erlf:ﬂ&il‘ﬂ gna@é ,J'LJ'%B%W}W(- V”P&dﬁa%ﬁps(ﬁuré%gyBBea%”-gﬁlh‘e
of Hyogo @&%&%ﬁ%%r%ﬁﬁ%ghp%%%Qr@d porous resins include “TOYOPEARL HW-407
(commercialized by Tosoh Corp., Tokyo, Japan); and “CELLFINE GH-23"
(commercialized by Chico Corp., Tokyo, Japan). In the case of
conducting column chromatography using calion-exchange resins oxn
porous resins, preferable conditions are as follows: The solid
concentration of a material solution to be fed to column is about
10% to about 50%, the load volume to a resin is about 1/1,000- to
1/20~fold of a wet resin volume, and refined water in an amount
roughly equal to the wel resin volume is fed at a linear velocity
of 0.5 to 5 m/hour. Among which, in the case of using a
simulated-moving-bed column chromatography as the column
chromatography wusing a cation-exchange resin, such column
chromatography is preferable because it increases the purity of
ascorbic acid 2-glucoside in the resulting purified product and
reduces concomitants such as L-ascorbic acid and D-glucose,
particularly, it reduces the L-ascorbilc acid content and forms a
particulate composition containing anhydrous crystalline ascorbic
acid 2-glugoside with an L-ascorkic acid content of 0.1% or lower,

d.s.b. For reference, varying depending on an operation

temperature/setting flow rate, preferable elution conditions for
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radi ation fromdefecting el ectromagnet; Wavel ength: 0.7717A (16. 066 key);
Strength: 109 photons/sec; Measuring angle: 2 to 400; Exposure tinme: 600
sec; |l mage recording: "l MAG NG PLATE RAS-2040", an inmging plate
comercialized by Fujifilm Corp., Tokyo, Japan; and |Inage anal yzer:

"Bl O | MAGE ANALYZER BAS- 2500", commerci alized by Fujifihn Corp., Tokyo,
Japan. simulated-mdengERSH RN Masoreonstiucied, byhese ng:diBeam ¢ialesofe

Hyogo Prefecture (8L08B2)" placed at "SPring-8", a synchrotron radiation

facility, résinl Koted aSaypaching Sayerikypgae dapahlows: The cencentration
of a solution, containing ascorbic acid 2-gluceside fed to the above
column chromatography, is 60% or lower, the load volume of ascorbic
acid 2-glucoside containig solution is 1/20-fold by volume or lower
of the wet resin volume, and the volume of refined water used as
an eluent is not more than 30-folds by volume, usually, 5= to Z0-folds
by volume of the above load volume.

When the content of ascorbic acid Z-gluceoside in the
solutionisB86%orlower, d.s.b., itisdifficulttoobtainaparticulate
composition containing anhydrous crystalline ascorbic acid
2-glucoside having either a degree of crystallinity of 9C% or higher
for anhydrous crystalline ascorbic acid Z-glucoside or a dynamic
vapor sorption level of 0.01% or lower of the particulate compositien,
even when treated with the successive Steps (3) to (5). The reason
is speculated that, when the content of ascorbic acid 2-glucoside
in the solution is 86% or lower, d.s.b., the purity of ascorbic
acid Z2~glucoside in the resulting particulate composition containing
anhydrous crystalline ascorbic acid 2-glucoside obtained through
the subseguent steps is relatively low and this hinders the smooth
crystallization thereof.

The solution purified up to give an ascorbic acid
2-glucoside content of over 86%, preferably, 88% or higher, d.2.b.,
is concentrated to give a prescribed concentration, usuvally, a
concentration of about 65 to about 85% of ascorbic acid 2-glucoside,

prior to the crystallization step of anhydrous crystalline ascorbic
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Prior to the powder X-ray diffraction analysis, test sanple Nos. 1 and 2
were respectively ground in a nortar and sieved with a 53 m nesh-si eve.
Then, each of the resulting particul ate conpositions passed through the

si eve was honogeneously injected into "MARKTUBE No. 14", a product nane of
a glass capillary for powder X-ray diffraction (diameter: 0.6 mm Lindeman
gl ass), caemer ¢ralluzedily. Tohe: Kkondakyiost < apanysitol gf viordnca njesttied sanpl e
| ength of about 30 nm Successively, the capill|ary was cut at the end

term nal ef tehecrafected!sanphe aNdie hebopen ehd wake seaneshiate arhaving
adhesive. Then, the capillary was fixed on a sanple nount with a clay, and
t he sanpl &hroEmRcarisraeton gnEhbhe diae IR  dFPE FaEPon®s &° PECEIrvectdeld

| ongi tudi nal _direction of the capillar perﬁendicu[arly,a ainst the_optjc
axi s of tKeIpHRAERAR- F’Q?tai‘«ﬂ--‘ﬂﬁcﬁ‘aﬁé%gﬁ with a Saturatwg r EHOVEE a%efs@ﬂ
ef fect ofmthg rientation of anhydrous crystalline ascorbic acid
2-g|ucosi&8 n>Phe powder X-ray diffraction profile, the neasurenent
ofthepomd%@%;rayQHEfraction was carried out by allow ng the sanple nmount to
reci procat€ &t é uni formvelocity toward the |ongitudinal direction of the
capillary in a wdt 4 545 0N} = | QT I O I -0NGekl B0n SEC, - -

si mul t aneousl y allo&yﬁt)#%é ggﬂ%?ﬁqﬁﬁkﬂﬁﬂﬁgﬂﬁgﬁgﬁg%gﬁbgguﬁ??gr%1€£T%§$?§L
around the at at iQNal ;4 Sditdiherengidudianl dideotdion, ofgdhescapiyhary
at a time cycle of tw cel/sec. ) In the processes of analyzing the
powder X-rpy @i, ffy@ctdyHicofddies ang piepald nintdeapopdesusX-£aystalline
diffraction patterns of test sanple Nos. 1 and 2, background signals

i nherent Geddi®ipowder X-gaycesfifieacthoeteliuvwkor ebhtihaied ssonriehchacid
powder X-ray diffraction profile according to conventional manner for

i mpr ovi ng 2-d uwreas dee merEy iacelygoy: i el ard ubticagt powdd toxdivaye giéfcatibeon
patterns of test sanple Nos. 1 and 2 are shown in FIGs. 3 and 4,
respectivalyity and concerfyadtiownand @G ra,lachésods fresatiikgedbarses5pkerei c
to anhydrous crystalline ascorbic acid 2-glucoside appeared clearly and
sharply i it HESrange rof % Franeis oty e ¢2Y352bt122% 0 atmiei t et polldér
X-ray diffraction pattern of' test sanple No. 1, neasured by using the .
synchr ot r &% ridi @t i Bn =8N EEYEhE ndifel H B sYRehr %%ﬂ?r%ﬁ?%ﬁ?ﬁh acid
(0.7717 A s different fromthat of .characteristic X-r (1, 2405 .4), . gach
T 11 act | G e o B o SR G b bae Lvenby ST oL igbet £80)
of each of_ rres I AN o W I, Xowkay
i £ racti G BREae §nrET oo BERER o fR PG e e D e P

each ot her,. \Wyie, the pe u‘@:‘o%ti@eattoh%'lofrmh%inﬂlgdé%ﬁ,lse@ﬁ? =dLhfEact E?EDEB_‘EE

in FIG 3 was evidently narrower than that in 1, and each diffraction
peak in Fl;3 showed Jiigher Wr%%P'éJté@éhit@?@gﬁ@?tofnaﬁh%r@usabk gugmﬂ_.ﬁ_.h@

peak strength in FIG 3 was higher by nearly 100-folds than thatin FIG 1-
Thepowder Xdaandiifd Lagti onpatteendkni £l & rSaghowessaia: hal argpeeibicallozer,
anor phous ascorbic acid 2-glucoside, as shown in the followng FIG 4. The
resul t i ndieat,eshizhat isheo degi@e Phactystiabblly hydohgt esth saneleel Naystaflor
anhydrous crystalline ascorbic acid 2-glucoside is extrenely high, and test
sanpl e No. At sitBlstartial | yreensist saofcanhy drrdusd onys tradvsited laseorbiro radicd
2- gl ucosi de. As shown in FIG 4, the powder X-ray diffraction
pattern ofadishbt2-gdmplosiNe. £ eomobiaiaked chyousienyrehe 5y notiotrdn. w &difacten,
showed a remarkabl e hal o specific to anorphous ascorbic acid 2-glucoside as
a bunchy basdihe peeBEnchobl ahychliFaacherivenapeakl S iYo &RRyENGHSL1ION
crystalline ascorbic acid 2-glucoside. This result indicates that test.
sanpl e No.02tE6 R dfd eghdtintqrap s %Tysééﬁﬂi&ﬁé‘&éﬁés‘%fo? BP¥CRRr Cél’glLﬁ‘i&sLi“&e.

Th b .t bt ai b ing, th hrotr radi at i X-
The above restlis, ebLgl ped by uoido, he, YOS pLcn Ladial 00, B8 A X

for defining he, anal vt GdleiVal Ygs.ldy Q3 309:HRy Lesegtively, for use in
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Experiment 1-4 Solidification test The foll owm ng experi nment
was to investigate the solidification property of respective test sanple
Nos. 1 to 4: One gram each of the test sanple Nos. 1 to 4, prepared in
Experinment 1-1, was separately placed in "FALCON TUBE 2059", a product nane
of a 14-m polypropylene cylindrical tube (1.7 cmin dianeter, 10 cmin
hei ght) hawitrg g4hem spherical bottom shape and a cap, commercialized by
Becton, Dickinson and Conpany, New jersey, USA. The tubes were set to a
tube rack uprightly Samg aldowed far stahb:fioin@4t hwuesystdl b zedheaniperraek
was placed in "1 G 410", a product name of an incubator conmmercialized
Advant ec Toy6tKaildhe, aBedrbiqaiGis] Zrapanosédnt roht st sreBIEe Aft 6p)1pated
i ncubation, the tubes were taken out fromthe incubator, followed by

renovi ng daCH ERE, CEaERE Ry BIRT Sach Lo &RpRRDY BT BdLH * Fhide i6 BESEEPEE dRiG

bl ack-pl asti c- pl ane pl ate t he tubes si de down slowy, and
macrosf:)opl C:'EJI I‘{?): o’lﬂr%lro\h ngﬂgﬁﬁctﬁsﬁdg% bh@tﬁg})‘t“ﬂ%y %IIPT‘pI es. Y The

degree of &({I i_di f| c}atl on of each test sanple was judged based on the
fol | owi ng ricteria: "SoI idified', (+): Sample clearly kept the

hem spher i cal Shape Qe ey Q%t%é?ﬁ‘ g\mg@e%}%é‘?%ﬁ?\é%@aﬁ%ﬁrﬂ% W Brys §h!}.9?ﬂh&y

solidified", () Sanp sI| ghtly heni spheri c ape o

bot t om of ltrh%rweeudl@oy ﬁ@hbgbia@damd (m)yn&grm{é% r@%ﬂﬂﬂﬂ%@ @Fl@l éB@W@Ha@Qy
hem spherical, shape of e bottomof the t The results were shown in
the CO|Um%dﬂv ﬁ%%ﬂd@'&hébaki&ﬁ"pﬁﬁdJ@@JGJ%.dnhydrous crystalline ascorbic
acid 2-glucoside collected by centrifugation is washed with a small

amount of refined water such as delonized water and distilled water

to wash off the impurities adsorbed on the surfaces of crystals.

The amount of water used for washing should not specifically be
restricted, however, an excessive amount of which dissolves the
crystals per se, as well as the impurities, resulting in a reduction

of theproductionyieldandan increment of cost forwashing. Therefore,

the surfaces of the crystals are usually, preferably washed with

water in an amount of up to 30%, preferably, 15 to 25% of the weight

of the crystals. The washing is preferably conducted under a
caentrifugal force in such amanner of placing crystals ina basket-type
centrifuge. The crystals thus collected and washed are aged and

driedby keeping them inanatmospherewith a predetermined temperature

and humidity for a prescribed pericd of time to make the resulting

crystals intoaparticulate compositionwith adegree of crystallinity

of 90% or higher for anhydrous crystalline ascorbic acid 2-glucoside

or a dynamic vaper serption level of 0.01% or lower.
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Table 1 Test sanple No. 1 2 3 4 Purity of ascorbic acid 2-caucoside(% 99.9
100.0

Although the preduct temperature of the particulate
composition containing crystals in the ageing and drying steps,
the relative humidity of the atmosphere, and the time for ageling
and drying should not specifically be restricted as long as a
particulate composiltion with the desired degree of crystallinity
or dynamic vapor serption level is obtained. However, the product
temperature and the atmosphere should respectively, preferably be
kept at a temperature of 20 to 55C and at a relative humidity of
60 to 90% in the ageing and drying steps. The total time for the
ageing and drying steps is preferably about 5 to about Z4 hours.
The particulate composition contalning crystals, obtained through
the ageing and drying steps, is unforcedly cocled to an ambient
temperature into a particulate compesition containing anhydrous
crystalline ascorbic acid 2-glucoside with a degree of crystallinity
of 90% or higher for anhydrous crystalline ascorbic acid Z2-glucoside
or a dynamic vapor sorption level of 0.01% or lower. The crystalline
particulate composition thus obtained is made into a final product
with or without optional pulverization.

Except fortheproductionyieldofascorbicacidZ-glucoside
in the above Step (1) and the content of ascorbic acid Z-glucoside
of any of the solutions in the above Steps (2) and (3), the above
Steps (1) to (%) are basically the same as the production steps
for quasi-drug-grade powders and they are free from any steps for
recrystallization and for repeated washing of crystals, which are
both indispensable in the production process of reagent grade powders.

The particulate composition containing anhydrous
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99.1 99.1 99.1 Degree of crystallinity (%9 0.0 88.3 93.1

crystalline ascorbic acid 2-glucoside thus obtained ig quite promptly
made into a substantially non-hygroscopic particulate composition
with an improved free-flowing akility by unforced cooling after
ageing and drying steps, however, the degree of crystallinity for
anhydrous crystalline ascorbic acid 2-gluceoside does not increase
to 90% or higher and the dynamic vapor sorption level of the particulate
composition does not lower to 0.01% or leower, when the unforced
cooling time is too short. When a particulate composition, prepared
with short unforced cooling time, is directly made into a final
product, only obtained is a particulate composition which possibly
solidifies under normal storage clrcumstances similarly as
quasi-drug-grade powders. Being influenced by the atmospheric
temperature and humidity and also varying depending on the scale
and structure of apparatuses/facilities used for drying, the possible
shortest unforced cooling time requisite for obtaining the hardly,
solidifiable particulate composzition of the present invention is
considered to be almoslt constant under constant conditions. Thus,
when the relationship between (i) the unforced cooling time requisite
for adjusting thedegreeof crystallinity to 90% or higher for anhydrous
crystalline ascorbic acid 2-glucoside and adjusting the dynamic
vapor sor when it has even ptien level of a particulate composition
thereof to 0.01% or lower, and (ii) the atmospheric temperature
and humidity, is once examined, upon specific apparatuses and
farilities for actual use, there is no need in each case for examining
the degree of crystallinity and the dynamic vapor sorption level

of a particulate compecsition at every time of production, but the
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Solidification + + As shown in Table 1, test sanple No. 1
as a standard sanple for defining the anal ytical value HL00 (degree of
crystallinity: 100.0%, was judged to be "Not solidified" (-) because it
easily coll apsed and did not keep the hem spherical shape of the bottom of
t he tube, when taken out fromthe tube and placed on a plane plate-. In

contrast, pi 61 cSPIDE ez oA Bsanat hefe Simndand isampite ohocadebieniohg At hed
analyticaf val ue Ho (degree of crystallinity: 0.0% was judged to be
"Sol idified"uéiygbgoausgeid wtidilcdeptoctiiaghedmgpher ittcal istHape of the
bottom of the tube when taken out fromthe tube and pl aced on the plate.
The heni spherical shaperoéseest isunpterdNofuRtded Aotndokhapsednepencehed a
slight vibration was given to the plate. . Test sanple No. 3 with
a degree @ﬁf@¥9%@éKKﬂﬂF%ND%ﬂﬁEBPQWEkﬁﬁ#aﬁ%éxﬁéﬁﬁﬁﬁﬁé¥ﬁ%%Wt%ﬁ%ﬁ@géﬂyﬁﬁélﬂ
bottom of the tube, even when taken out fromthe tube and Qla ed on. the
plate, and8lferae ePeXerydipligedct o B Beltdr Y ¥4¥: W sPRPTIB St ¢ thedeed
sanple No. 2, . Test sanple No. 4 with a degree of crystallinity of 93.1%
Col | apsedtaahnaeny dat Ok % REL, = Hovgidr a1 e SHHENE ARiRsa2pSed
just after having been .taken out fromt _pl d..an, the. pl. d
£Be€h%6%ug-cqhkﬁﬁégﬁﬁggy}tqgh @8 ﬁHQgraﬁﬁq L%ﬁ%%g@ﬂéc,qipél %Hﬂp

judged to sol T AS "des ove, although
test sanpgﬁbggg§gﬁﬁ%@§§%gvaf% PEEB@Fﬁggfggghévbsss%ﬂﬁlecw st M2k 8 of

ascorbi c acl e purity o e above-mentioned HEM

anal ysi s shaued.that-JNeiir R bEiespok ASCcorhif 2%d d& ghueosile wene 1l
increased to a |l evel "higher than 99. 1% The réason of this is not clear but
it can begspgeyiated thet a skight amourtsehlaseetbi eraciod or higher for

anhydrous crystalline ascorbic acid 2-gluceside and a dynhamic vapor

time. The blowing air preferably has a temperature ranging from
about 15 to about 30%C, more preferably, 18 to 28%C. In addition,
the blowing time iz usually, preferably about 5 to about 60 min,
more preferably, 10 to 30 min. Varying depending on the temperature
of blowing air, the effect of forced cooling is not so clearly cbhserved
with a blowing time of Jless than five minutes, while an improved
increment in the degree of crystallinity is not expected even with
a blowing time of over 60 min, and thus such klowing time is not
preferable. In the case of blowing air, the cooling effect should
preferably be exerted throughout the whole particulate composition
containing crystals either by appropriately stirring or vibrating
the particulate composition.

The particulate composition containing anhydrous

crystalline ascorbic acid 2-gluceside thus obtained is of the present
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2-glucoside mght be |ost by degradation or the |like during preparation.
From the above results, in the case of particulate conpositions containing
99. 1% or higher, d. s .b. , of anhydrous crystalline ascorbic acid
2-glucoside, those with a higher degree of crystal Ii nity for anhydrous
crystalline ascorbic acid 2-glucoside tend to have a lower solidifiability;
and the fagtsnthat, t@sicisammleaNG S tihi @ deigr ee-cafucerdsizalili rirt ynefunt
88. 3% was judged to be "Solidified" (+) and test sanple No. 4 with a degree
of crystabkiovey of. B311% Wass| tidged? 2 o0he <. .Not.sokndi &iedér N)as ridideatee
that a threshold changing fromthe judgnent of "Solidified" (+) to that of
"Not sol i diffdmdta(-l)inindert s abdviartsol Fdirfirdatdioms esveEabslbetafssn e ¢
degree of crystallinity of 88.3% and 93. 1% Experinent 2 Relationshgp

bet ween t R&idsitdIdidasdatd, onhanda ke adegh basef orcpyRial1ihiofypowfer A-ray
particul ate conposition _containing anhydrqus crystal|ine ascqrbic acid .
2- 9l ucosi éffraction analyspg ¢hiEeSareriGEitts b lé‘aﬁbfn-‘-?rheoFg’s{H Péﬁirﬁlmt

Exper i t 1, t f ticulat, Sit] ont ai.ni,ag- anhydr o

or et al 1 HEPHS OOV EPE A Tt g b e Ry T dOaTod BE AFy2oar e X or
hyd st al | i ne. asy cid 2-gl ide.in the r - t %

onea pur PR bt P haR AR EO ol SR s a HBhaR, REebE E AR 2085, o

were used apd test od 1o SQltddl EbARLLLEYST ML Y 1% < bBeRXPEEL Taly durd 0

i nvestiga e rel dti'onship betweeh the soli cation and the degree of

crystal | i pilpak-An e cd8baht Lo R PRIIFBNIELL - g rBuenss@dd 0N, ehetgst: Saml&
Particul ate conpoSitions of test sanple Nos. 5 to 9 in Table 2 were

prepared bympekghipg test: sanplie iNes::t 1y, ant sl whieh diath rgen piepanechia
Experiment 1-1, in appropriate anounts, respectively, and m xing themto
honogenei tympdableoR? showsathenpur inihgsirelisascontelading 2-sglasodsicde i
the degrees of crystallinity for anhydrous crystalline ascorbic acid

2- gl ucosi @egadbicbestes@vaneuNbs: thetar@li tdererwhioee thy acney emstiivod ldhesedosed
in Experinent 1-2. The results of test sanple Nos. 1 and 2 in Table 2 were
copi ed fromlTabpéiditfy.

In parentheses, solidification of materials has a fear
of variously affecting production plants. For example, 1n the field
of a food production where powderousmaterials areused, suchmaterials
are frequently, finely pulverized by roll crushers, alr-transported
to production lines by air-blowing, and transported by zigrag
coil-conveyors. In such occasions, if the powderous materials were
solidified, the following troublesome events will be induced: The
rolls of roll crushers may ke injured or burned, or sieves and
transportation tubes installed in production lines may be blocked.
Also solidified powderous materials have a high risk of causing
operational troublesome events in their dissolution and in their

mixing or kneading with other materials. Troubkles in production

steps caused by solidification of such powders are described in
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Experiment 2-2 Solidification test Test sanple Nos. 5 to 9 were
subjected to the solidification test in Experiment 1-4. The results are
shown in the colum of "Solidification" in Table 2. The results of

solidification of test sanple Nos. 1 and 2 in Table 2 were copied from,
Table 1. Table 2 Test sanple No. 1 2 5 6

detail, for example, in “Funryutai-Trouble-Shooting” (Trouble
shoot ing of powderous particles), editedby Tsutomu Shibata, published
by Kogyo Chosakai Publishing Co., Ltd., Tokyo, Japan, pp. 15-19,
2006,

gince the particulate composition ceontaining anhydrous
ocrystalline ascorbic acid 2-glucoside of the present invention is
significantly, hardly solidifiable compared to conventicnal
quasi-drug-grade powders, it has an advantageous merit that it can
be incorporated into one or more other powderous materials for food
products, cosmetics, guasi-drugs, and pharmaceuticals in the field
of manufactures of food products including beverages, as well as
of cosmetics, gquasi-drugs, and pharmaceuticals, which are produced
in production plants that are designed where materials with
satisfactory free-flowing ability will be used on the premises.

Examples of the above-identified powderous materials for
food products include grain flours, starches, powdered sugars,
powderad seasonings, powdered splces, powdered julces, powdered
fats and oils, powdered peptides, powdered egg yolks, powdered milk,
skimmilk powders, powdered coffees, powdered cocoas, powdered miso,
and powdered vegetables. Examples of powderous materials for
cosmet ics include face powders, talc, kaolin, mica, sericite, starches,
bentonite, silk powders, cellulose powders, nylon powders, bath
salts, soap tips, titanium dioxide, silicon dioxide (silica), and
zinc oxide. Fxamples of powderous materials for quasi-drugs include
aminc acid salts, vitamin preparations, calcium preparations,

excipients, fillers, fungicides, and enzyme preparations. Examples
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7 8 9 Purity of ascorbic acid 2-glucoside (% 99.9 99.1 99.8 99.7 99.6

of powderous materials for pharmaceuticals include powderedeffective
ingredients; excipients andfillers suchas oligosaccharides, lactose,
starches, dextrins, white sugars, crystalline celluloses, sucrose
esters, and fatty acid esters; and coating agents such as shellac.
The particulate compositions containing anhydrous crystalline
ascorbic acid ?-glucoside thus obtained usually contain L-ascorbic
acidand/or D-glucose and have a reducing power of thewholeparticulate
composition being less than one percent, In detail, they are
satisfactory particulate compositions in that, while usually
containing either or both of L-asceorkic acid and D-glucose in a
detectable level by analytical methods such as high-performance
ligquid chromatography, specifically, in an amcunt of 0.01% or higher
bul net higher than 0.2%, d.s.b., they have & reducing power of
the whole particulate composition being less than one percent, and
therefore, as shown in the later described Experiment, they are
substantially free of fear of causing discoloration (browning) even
when heated in the presence of a compound({s) with amino group
intramoleclularly, such as aminc acids and preoteins. Preferably,
the particulate compositions containing anhydrous crystalline
ascorbic acid 2-glucoside thus obtained contains L-ascorbic acid
in an amount of 0.1% or lower. When a particulate composition
containing anhydrous crystalline ascorbic acid Z-glucoside has
an L-ascorbic acid content of as low as 0.1% or lower, there is
no fear of discloration in the particulate composition per se,
evan when stored for a relatively long period of time in the same

product form as conventional quasi-drug-grade powders,
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99.5 99.4 Degree of crystallinityCO Solidification 100.0 - 0.0 99.8

Further, the particulate compositions containing
anhydrous crystalline ascorbic acid 2-gluccside thus obtained can
bepreparedalone intoproducts of particulate compositions contailning
anhydrous crystalline ascorbic acid Z2-gluceside because they usually
contain particles with a particle size of less than 150 pm in an
amount of 70% or more to each of the whole particulate compositions
and those with a particle gsize of at least 53 pm but less than 130
uminanamount of 40 o 60% toeachof thewholeparticulate compositions.

In the case of containing a relatively large amount of powderous
particles with a particle size of larger than the above ldentified
particles or having aparticledistributiondiffering fromthe desired
levels, they are appropriately pulverized to reduce their particle
size or classified by sieving or the like to control their particle
size.

The following experiments concreltely explain the present
invention:

Experiment 1: Influence of the degree of crystallinlity on the

solidification of a particulate composition containing anhydrous

cryatailine ascorbic aclid 2-glucoside

Particulate compositions, containing anhydrous
crystalline ascorbic zcid Z2-glucoside with different degrees of
crystallinity for anhydrous crystalline ascorbic acid Z-gluceside

in the range of 0 to 100%, were prepared and tested for selidification

and the seclidifiability. The detalls are as follows:

Experiment l-1: Preparation of samples
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92.6 91.5 89.2 29.9 -

<Test sample No. 1=

“ASCORBIC ACID 2-GLUCOSIDE 299* (Code No. AGLlZ4, a purity
of 99,9% or higher), a particulate composition containing anhydrous
crystalline ascorbic acid 2-gluceside, as a standard sample
consisting substantially of anhydrous crystalline ascorbic acid
2-glucoside, was used as test sample No. 1.
<Test sample No. Z>

A particulate composition, prepared by dissolving test
sample No. 1 in an adequate amount of refined water, freeze-drying
the resulting solution for three days, and drying the resultant
in vacuo under a temperature of 40°C or lower overnight, was used
as another standard sample consisting substantially of amorphous
ascorbic acid 2-glucoside and was called “test sample No. 27,
Tast sample No. 2 had a moisture content of 2.0% when measured
on Karl Fischer method.
<Test sample Nos. 3 and 4>

As test sample Nos. 3 and 4 with a degree of crystallinity
for anhydrous crystalline ascorbic acid 2-glucoside being between
thoaeoft@staampleNos.iLandZ,thejkﬂlowingsampl@swereprepared
as follows: A particulate composition consisting of amorphous
ascorbic acid 2-glucoside similarly prepared as the method for
tegtsamphaNo.2wasspreadoverwithinan@tallictrayandpartially
crystallized by keeping in a chamber with a constant temparature
and humidity controlled at a temperature of 25°C and a relative
humidity of 9 % for 24 or 72 hours to accelerate the crystallization.

successively, the metallic tray was taken out from the chamber,
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- -+ As found in the results of Table 2, test sanple No. 9
with a degree of crystallinity of 29.9% was judged to be "Solidified" (+)
and test sanple No. 8 with a degree of crystallinity of 89.2% was judged to
be "Slightly solidified" () . In contrast, test sanple Nos. 7, 6 and 5 with
respective degrees of crystallinity of 91.5% 92.6% and 99. 8% were judged
to be "Notrsehi ghfifdic bt)38ididvarr tigHest sargl e the tipefheseaesuhiiste

i ndi cate that, anong particul ate conmpositions containing anhydrous
crystalli pemgsedrbvasacvide2eghucnsi dee whikha clont@aims asoordi ZAdichrs in
2-glucoside in an amount of 99.1% or higher but less than 99.9% d. s.b.,

t hose withha degpeesbhrer wstaumidiy vofccd0%aorl ¢l ghambier wanhsgady byd “test
crystalline ascorbic acid 2-glutoside do not solidify under the conditions
of this egpapigedc. EXpemiieift e |afheencetbf 2t KecBYRENtENapdr 'Sort4oh

| evel on the solidification of particulate composition cont %i ni ng

anhydr ous Wapy sedilische tegdc oril adi@r 24 gt uckRFlgesampie Nos. angj e &' e
hygroscopi city of a_particul ate conposition containing anhydrous .
Clystall | RESHEEECAYalra 1oSHrL¢0s Pad H. SSEIRT e b e Ayl vy S50 1 s
solidification _of the parti.cul ate conpqsiti in thi jent, the. .-
dynani c Vé’“ﬁ}}?‘ SorlStiiGT v el Awiicen C'|q_':{<;)aq''é[’’srs ﬁ%gl r!toQ] be'gl azl' eﬁis(gcg %Id’gﬁ'nldjeri Lngrll
esti mating, yoraseoni ¢lhu. 9f Lesl, Sl & NoSn4h and 2 and test sanpl e Nos.
5 to 9 were " neasured and-the effect of dynam c vapor sorption |evel on the
sol i dificatlon:of. part.bcu Ited 5 3ignbng 1 aRhvdreusn&rysiadd i ne

of crystallinity of test sample Nos. 1 to 4

<Purity of ascorbic acid 2Z-glucoside>

The purities of ascorbic acid 2-gluceoside of test sample
Nos. 1 to 4 were determined as follows: Using refined water, each
of the test samples was made into a 2% agqueous solution, which
was then filtered with a 0.45 pm membrane filter. The filtrate
was subjected to high-performance liquid chromatography (HPLC)
under the following conditions, followed by calculating the purity
of ascorbic acid 2=glucoside, d.s.b., of each of the test samples
based on the peak area of each refractive index chromaltogram.
The results are in Table 1.

Analytical conditions

HPLC system:  “LC-10AD", commercialized by Shimadzu Corp.,
Kyoto, Japan:

Degasser: “DGU-12AM7, commercialized by Shimadzu Corp.,
Kyoto, Japan;

Column: “WAKOPAK WAKOBEADS T-330", H'-form,
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of solidification test obtained in Experinent 2-2. Experinent 3-1
Measurenment for dynam c vapor sorption |evel About 50 ng

al i quots of respective test sanple Nos. 1 and 2, prepared in Experinent
1-1, and test sanple Nos 5 to 9, prepared in Experinment 2-1, were
respectively placed in a nesh sanple bucket and allowed to stand in "I GA
SORP", a dynam ¢ vapor sorpti eanappaialusceomerci ahikzed yuitd dedhlesdehane
Corp., while the nmesh sanpl e buckets were set to sanple hol ders (nmade of
stainless steel) . The test sanphesriese dehydratiegany keeping at a
tenperature of 25C and a relative humdity of 0% for 12 hours under

ni trogen gas stme@ivatingeticdwnr apéuok:200 M Lnin and pronptly wei ghed.
Further, the test sanples were kept at a tenperature of 25C and a rel ative
humi dity of 35%ltenti2 hours @n@dr %ni@/oged IHES St redrhisnd el GredtEdin.
Dynam c vapor sorption |evel Qﬁﬁ_of each test sanple was cal cul ated by
substituting i Hl&wt K& t&for esaid FF8LANE® 2 the wei ght of each test sanple
whose noi sture has been elimnated and the weight of the same sanple just
after hydratedl&ﬁpﬁxpéﬁﬁéyatugb’g% 25C and a relative humdity of 35% for

oS et A QAT L ARRL SR N etale, lokesle samle, Nos- 1

and 2 as wel |l ai'ned i n this experinent, are
shown in Table 3. In parallel, the puritieg®o a8§90EQEP.30k§o%b9|H§ snhde,
& :

obtained in Experiment 2-1, and the test results on solidification thereof,
obtai ned in Expgpijrent 2.2, arggshowaphardabke 3. vdakbepBopArst sanpyer No.
commercialized by
Shimadzu Corp., Kyoto,
Japan;
<Degree of crystallinity=>
The degrees of crystallinity of test sample Nos. 1 to
4 for anhydrous crystalline ascorbic acid Z2Z-glucoside were
determined by: Subjecting each test sample to the analysis using
“X’ pPert PRC MPD”, a product name of a commercially avallable
reflected-light powder X-ray diffractometer commercialized by
Spectris Co., Ltd., Tokyo, Japan; irradiating a CuKa-ray (X-ray
electric current: 40mA, electric voltage: 45 kV, wavelength: 1.5405
A), as a characteristic X-ray irradiated from Cu target, to the
sample Lo obtain a powder X-ray diffraction profile; and determining
the analytical value for the degree of crystallinity of each of
test samplie Nos. 1 to 4 by Harmans’ method using a Harmans’ method
computer software exclusively installed in the diffractometer.

Prior to the above analysis, the particle degree and the bending
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125678 Purity of ascorbic acid 2-glucoside 99.9

factor pre-set in the software were respectively adjusted Lo
appropriate levels for obtaining a base-line judged to be most
nreferable, while considering mutually overlapping peaks,
diffractionintensity, andscattering intensityinrespectivepowder
X-ray diffracticen patterns. The Harmans'” method is described in
detail in P. H. BRarmans and A. Weldinger, “Journal of Applied Physics,
Vol. 19, pp. 491-506 (1948) and P. H. Harmans and A. Weidinger,
“Journal of Polymer Science”, Vol. 4, pp. 13b-144 (1948).

The degree of crystallinity of each test sample was
calculated by substituting the following data into the above Formula
1: Hs as the value of degree of crystallinity of each test sample;
Hieo, the analytical value of that of test sample No. 1; and Hy,
the analytical value of that of test sample No. 2. When analyzed
by Harmans’ method, the analytical value of thedegreecof crystallinity
of test sample No. 1 (analytical value Hyop) and that of test sample
Noe. 2 {(analytical value Hp) were respectively 70.23% and 7.57%.
The results are also in Table 1. The powder X-ray diffraction
patterns of test sample Nos. 1 and 2, as standard samples, are
respectively shown in FIGs. 1 and 2.

As shown in FIG. 1, clear and sharp diffraction peaks
specific to anhydrous crystalline ascorbic acid 2-glucoside were
found in the range of diffraction angles (28) 4 to 65° in the
powder ¥-ray diffraction pattern of test sample No. 1, but not
any halo specific to amerphous ascorbic acid 2-glucoside was found.

While, as shown in FIG. 2, unliike the powder X-ray diffracticn

pattern of FIG. 1, halc specific to amorphous ascorbic acid
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99.1 99.8 99.7 99.6 99.5 99.4 (%N

2-glucoside was clearly found as a bunchy baseline in the powder
X-raydiffractionpatternof test sampleNo. 2, butnot anydiffraction
peak specific to anhydrous crystalline ascorbic acld Z-glucoside
was found.

Experiment 1-3: Powder X-ray diffraction analyses of test gample

Nos. 1 and 2 using a synchrotron radiation

This experiment was carried out to further confirm that
test sample Nos. 1 and 2 were proper standard samples for determining
the analytical wvalues Hjey and Hp. These samples were subhijected
to a transmitted-light powder X-ray diffractometry, which detects
a weak diffraction and scattering, using a synchrotron radiation
(called “radiation”, hereinafter), as an X-ray radiation source.
The analytical conditions were as follows.
<Analytical conditions>
Fowder X-ray diffractometer: Model “PDS-16", a high-speed powder
A-ray diffractometer {(Debye Scherrer
mode, camera length: 4987.2 mm)
commercialized by Kohzu PrecisionCo.,
Ltd., Kanagawa, Japan:

X-ray radiation source: “Beam line of Hyogo Prefecture (BLCOBB2)",

radiation from defecting electromagnet;

Wavelength: 0.7717A {16.066 keV);

Strength: 107 photons/sec;

Measuring angle: 2 to 40°;

Exposure time: 600 secy

Image recording: “IMAGING PLATE PBAS-2040", an imaging plate
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Dynam c vapor

commercialized by Fuiifilm Corp., Tokye, Japan;
and
Image analyzer: “BIC-IMAGE ANALYZER BA5-2500", commercialiized
by Fujifilm Corp., Tokyo, Japan.

The measurement was conducted by using “Beam line of
Hyogo Prefecture (BLOSB2)” placed at “SPring-8”, a synchrotron
radiation facility, 1-1-1 Koto, Sayo-cho, Sayo, Hyogo, Japan.

Prior to the powder X-ray diffraction analysis, test
sample Nos. 1 and 2 were respectively ground in a mortar and sieved
with a 53 ummesh-sieve. Then, each of the resulting particulate
compositions passed through the sieve was homogeneously injected
into “MARKTURE No. 147, a product name of a glass capillary for
powder X-ray diffraction (diameter: 0.€& mm, Lindeman glass),
commercialized by Toho KK, Tokyo, Japan, to give an injeclted sample
length of about 30 mm. Successively, the capillary was cut at
the end terminal of the injected sample and the open end was sealed
with an adhesive. Then, the capillary was [ixed on a sample mount
with a clay, and the samplie mount was set to the powder X-ray
diffracteometer to give the longitudinal direction of the capillary
perpendicularly against the optic axis of the powder X-ray
diffractometer.

To remove adverse effect of the orientation of anhydrous
crystalline ascorbic acid 2-glucoside on the powder X-ray
diffractionprofile, the measurement of the powder X~-raydiffraction
was carried out by allowing the sample mount to reciprocate at

auniformvelocity toward the longitudinal directionof the capillary
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sorption level (%9 <0.01 1.70 <0.01 <0.01

in a width of # 1.5 mm and at a time cycle of once/60 sec, and
simultanecusly allowing the sample mount to rotate at a uniform
velocity around the rotatiocnal axis in the lengltudinal direcltion
of the capillary at a time cycle of twice/sec.

inthe processes of analyzing the powder X~ray diffraction
prefiles and preparing the powder X-ray diffraction patterns of
test sample Nos. 1 and 2, background signals inherent to the powder
¥-ray diffractometer were eliminated from each powder X-ray
diffraction profile according to conventional manner for improving
the measurement accuracy. The resullting powder X-ray diffraction
patterns of test sample Nos., 1 and 2 are shown in FiGs. 3 and 4,
respectively.

As shown in FIG. 3, the diffraction peaks specific Lo
anhydrous crystalline asceorbic acld 2-glucoeside appeared clearly
and sharply in the range of diffraction angles (20) of 2 to 40°
for the powder X-ray diffraction pattern of test sample No. 1,
measured by using the synchrotron radiation. 8ince the wavelength
of synchrotron radiation (0.7717 A) was different from that of
characteristic X-ray (1.54005 A), each diffraction peak in FIG.
3 appeared by about a half diffraction angle (28) of each of the
correspondingpeaks inFIG. 1. However, thepowderX-raydiffraction
patterns in FIGs. 1 and 3 were extremely well colncided with each
other., While, the peak width at half height of each diffraction
peak in FIG. 3 was evidently narrower than that in FIG. 1, and
each diffraction peak in FIG. 3 showed higher resciution than that

in FIG. 1, although the peak strength in FIG, 3 was higher by nearly
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100-folds than that in FIG. 1. The powder X~ray diffraction pattern
in ¥FIG. 3 showed ne halo specific to amorphous ascorblc acid
2-glucoside, as shown in the following FIG, 4, The result indicates
that the degree of crystallinity of test sample No. 1 for anhydrous
crystalline ascorbic acid 2-glucoside is extremely high, and test
sample No. 1 substantially ceonsists of anhydrous crystalline
agscorbic aclid 2-glucoside.

As shown in FIG. 4, the powder X-ray diffraction pattern
of test sample No. 2, obtained by using the synchrotron radiation,
showed a remarkable halo specific to amorphous ascorbic acid
2-glucoside as abunchybaselinebutnot anydiffractionpeakspecific
to anhydrous crystalline ascorbic acid 2-glucoside. This result
indicates that test sample No. 2 consists substantially of amorphous
ascorbic acid 2-gluccside.

‘"he above results, obtained by using the synchrotron
radiation as an X~ray source, support that test sample Nos. 1 and
2 are proper standard samples for defining the analytical values
Hippy and Hy, respectively, for use in Formula 1.

Bxperiment 1-4

Solidification test

The following experiment was Lo investigate the
solidification property of respective test sample Noa. 1 to 4:
One gram each of the test sample Nos. 1 to 4, prepared in Experiment
1-1, was separately placed in “FALCON TUBE 20597, a product name
of a 14-ml polypropylene cylindrical tube (1.7 cm in diameter,

10 em in height) having a hemispherical bottom shape and a cap,
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As shown in Table 3, the dynam c vapor sorption |evels of test sanple Nos.
2 and 5 to 9 were varied fromless than 0.01% (corresponding to "<0.01" in
Table 3 and this applies hereinafter), i.e., a value of |ower than
detection limt, to 1.70% and this indicates that even particul ate
conpositions containing anhydrous crystalline ascorbic acid 2-glucoside,
whi ch cont-ainte 128 Garbice @gi e 2: gh YoDSien 4 dh amcaToRREN, 98w 1% osenj oIk,
but less than 99.9% d.s.b., nay have significantly different dynam c vapor
sorption | eyel subByenyrtestt sanpl eules ratk Gpandhélhadnd ayhamtd txaporand
sorption level of lower than detection |limt. On the contrary, test sanple
Nos. 2, 8 fand29 had-=, dyfitani theapore sorgit wes peyeed gin Over48005%e product
particularly, test sanple No. 2 had a dynami c vapor sorption |evel of

1. 70% a l@feolod kingHeycudiyatani ¢aoic isoriptgbMmd e e ¢ He e Heskes it tlekd - -

sanple Nos. 8 and 9. .. Comparing the abqve results and {he
resul ts offotye .capbaf, oFonSept eticdatVof | AT FabId S I NENEPs 18k PbeaL%?%%r

correl ation between the solidificatiagn of particula conposi.tions . .

Cont ai ni ng'®nhydFEuSUEr JEPEI The ARG e AaMT 20| BEBET HBTaRach HfP”
dynam c vapqr, sorption | eyels; test s |l e Nos. 5, .6, and ' Z, havi a.
dynani c ngg?jg%rﬁWﬁoneﬁééel58Wp$8me$%5ﬁaﬁ4§g?eé%#gh H?hi%qgﬁéasl?omﬁgs a
0.01% were juydged to be ;"Not salidified. () b & 1 B Nos.- 8
and o havii o e © Ranar Plars b T avald Fhsoh e 0708 o s Bote uer b

j udged to hey " Solidlidded: seSH gt ye Sobi@ifisds 6 tndheamesebts of
this expefﬁﬁ%ﬁfggél|%ég¥§%#£3,6§?f§iﬁﬁ i%%?f§$the degree of crystgllinity,
the dynamic vapor sofjpli@hyteyebrobodipartcauliahe cgonnesi ticit contpl @i ngs
anhydrous crystalline ascorbic acid 2-glucoside nust be a useful index for
real i zi ng adpsdlyasal i ¢h fimwbl £o onewidfecaboveisesul ts also indicate that a
particul ate conposition containing anhydrous crystalline ascorbic acid

2- gl ucosi desail tdu redscot-b c d@hpll 2- gl emosy desgbntieat hehi 9ghegd oplhbhhpe
but less than 99.9% d. s .b. , and with a dynam c vapor sorption |evel of
0.01% or |aiverhe iisotiotm sof i dif | edoaneeent e cbadPiaBAs of this experinent.
The fact that test sanple No. 2 showed a distinctly high dynam ¢ vapor
sorption |'&velglasl hpghids £1e269 (i t PP bxpér PrEAY SOeyGestse PRBE SPhE ¢4 dr
sorption is mainly induced by anorphous ascorbic acid 2-glucoside. On the
ot her handshame $actheHaptt@8to5aipPet W87 1. showed a dynanic vapor

[ I | of | [ i mi hat le.

not plts'uEZt a7 a1y i@&%%“Z%fﬁhﬁ%ééﬁé‘ﬁé@%@ﬁﬁﬂg%% et o R
No. 2. T Lngi 3 ) . - o i e

1 Tr ot AR LBl ne 6T L BET SRhpf B NG LR st TP T G i a4 b Fhey

_ NO. shown i 1 and _
support that) test 5ample; Mo bt $1 8P gpekgiandard sanple for defining
Test sample No. i} 2 3 4
Purity of ascorbic acid
99.9 99.1 99.1 99.1
2-glucoside (%)
Degree of arystallinity
100.0 0.0 88.3 93.1
(%)
Soiidification - {- + -
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t he anal ytical value H103 for anhydrous crystalline ascorbic acid
2-glucoside, as a basis for calculating the degree of crystallinity for
anhydrous crystalline ascorbic acid 2-glucoside according to Formula 1.
Experiment 4 Influence of forced cooling on the degree of crystallinity,
dynami c vapor sorption level, and solidification ofilparticulate
conmposi tion As shdwhomd hemesult & 0ft thenfier egoi Nng exper igeMdardt
was revealed that, in a particulate conposition containing anhydrous
crystal | i pangseorhirc dadiichiZrgltheosirdd,ythet:l tved wdeghee @fecprasstai | inity and
the dynam c vapor sorption | evel of the particulate conposition closely
rel at e to drdyestsdlliidiiftivcat L8A . 0ker ewhis Avdgedi hgl e i*Hothiselédpdriemént(—)t he
foll ow ng were exam ned; the influence of forced cooling of a particulate
conposi t i GeceosrEailti s scrlystoalls cafaast aageidig and: dvdfthdg-Tst dpEnd sphgrencal
production thereof on the degree of crystallinity, the dynam c vapor
sorption I59¢&e odn8 enBosEPTAPE i T i e f W?ﬁﬂaﬁﬁ%@u qué géﬁﬁoéb?ibﬁbe and
cont ai ni ng .anhydrous crystalline ascorbic acid 2-glucosid perinment, 4-1
Prepar at i gﬂ“’é’lﬂdt BBt@ RIFHA glate. it COnt s &Glﬁgt ‘E‘WBL%?%‘? E;éoﬁ&‘“b‘? WhaF ed
simlarly as ip test s l.e No, 2 in erinment . 1- 1, p ivel -
b e S el i S ber e th B R GERpeeE or

3 Al
spread on*® tha constant

tenper at ur qﬂ ]hqriq]qj Y 60 rat}:r) Ol,vla%d .j?:tdg%%ct%n e? %) l@ﬂ:ﬂi‘i@e@"’m (dj)t %e@au%%%

A% |
for 16 hour's 10 "accel€rate crystallization an o partially crystallize the

resul ting iﬁaré$101%%®§%m@%ér§j.,h bh LTI e the (L abdd Cod TaY MBSt iBken
chanber’, a

out fromthe dried. OC for eight hours, and successively,

unf or cedl y,1e00lied dore@bottod Whdouiise th O Bided est saembpaiNe,  Jheor
cooled by force after drying and then blowing 20C air for 15 or 40 min to

the parti gldngitreonpesi tdiompd not heedir ayanml®ht@i 2 tesd sanptel Nossed leaad
12, respectively. Test sanple Nos. 10 to 12 were respectively encl osed
her met i calWher m & Miglt wilhra: cap e ¢ioredee nilze debateator with a
desiccant until just before being subjected to anal ytical tests.

Test sample No. 3 with a degree of crystallinity of 88,3%
kept the hemispherical shape of the bottom of the tube, even when
taken out from the tube and placed on the plate, and it was clearly
judged to be “Solidified” (+), similar to test sample No. Z. Test
sample No. 4 with a degree of crystallinity of 93.1% collapsed
same as test sample Ne. 1, however, lest its shape and collapsed
just after having been taken out from the tube and placed on the
plate and judged to be “Not solidified” (=-}.

As described above, although test sample Nos. 2 to 4
were prepared fromtest sanple No, 1l with anascorbicacidZ-gluceside
purity of 99.9%, the above-mentioned HPLC analysis showed that
their purities of ascorbic acid Z-glucoside were not increased

to a level higher than 992.1%. 7The reason of this is not clear

but it can be speculated that a slight amount of ascorbic acid
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Experiment 4-2 Measurenent of the purity of ascorbic acid 2-qgl.ucoside
The purities of ascorbic acid 2-glucoside of test sanple Nos. 10 to 12 were
nmeasured by the nmethod described in Experinent 1-2 and the results are in
Table 4. The purity of ascorbic acid 2-glucoside of test sanple No. 1 was
copied from Table 1. Experinment 4-3 Measurenent of the degree of

CrySta||!QL?XH?QsﬁﬁaaﬂgﬁhfaB%rl%%&p%&oﬂeb%%%ht;on or the likEhendegiee of
crystallinty 1or annydrous crystalllne ascorplic acl - gl ucosi de an e
tall h tall b d 2-gl d dth

dynam c vggg?a§gﬁgbhqn | evel s of the particul ate conpositions of test
sanple Nos. 10 to 12 were neasured by the methods described in Experinents
| and 3, respectivel yrofhe:iHesebbseanredultEbl en4thEhezassubts dagrt itdestate
sanple No. 1 in Table 4 were copied from Tables 1 and 3. Experinment 4-4
Sol i di fi cabimppstiedbnEestorsaniplie:dNo%2. 19 e IRiakre sdbf et edofo agdrous
crystalline ascorbic acid 2-glucoside, these with a higher degree
ofcryatalliﬁityforanhydrouacrystallineascorbicacidz—glucosid@
tand to have a lower solidifiability; and the facts that test sample
No. 3 with a degree of crystallinity of 88.3% was judged to be
“gnlidified” (+) and test sample No. 4 with a degree of crystallinity
of 93.1% was judged to be “Not solidified” (-) indicate that a
threshold changing from the judgment of “Scolidified” (+) to that
of “Not solidified” (-) under the above solidification test lies

between a degree of crystallinity of 88.3% and 93.1%.

Experiment 2

Relationship between the soclidification and the degree of

crystallinity of a particulate composition containing anhydrous

crystalline ascorbic acid 2-glucoside

In this experiment, based on the results in Experiment
1, seven types of particulate compositions containing anhydrous
crystalline ascorbic acid 2-gluccoside, having a degree of
crystallinity for anhydrous crystalline ascerbic acid 2—glucoeside
in the range of 0 to 100% and a purity of ascorbic acid 2«glucoside
inthe range of 99.1 to 99.9%, were used and tested for solidifiability
similarlyas:ﬁ1Experimentl.toinvestigat@thexelationshipbetween
the solidification and the degree of crystallinity in more detail.,

Experiment Z-1
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solidification test as in Experinent 1-4. The results are shown in the
colum of "Solidification" in Table 4 along with the result of that of test
sanple No. 1 described in Table 1. Table 4 Test sanple No. 1 10 11 12
Purityofascorbicacid 275l ucosi de(%

Preparation of test sample

Particulate compositions of test sample Nos. 5 to 9 in
Table 2 were prepared by weighing test sample Nos. 1 and 2, which
had been prepared in Experiment 1-1, in appropriate amounts,
respectively, and mixing them to homegeneity. Table 2 shows the
purities of ascorbic acid 2-glucoside and the degrees of
crystallinity for anhydrous crystalline ascorbic acid 2-glucoside
of teslt sample Nos. 5 to 9, determined by the method disclosed
in Experiment 1-2. The results of test sample Nos. 1 and 2 in
Table Z were copled from Table 1.

Experiment 2-2

Solidification test

Test sampleNos. 5to 9were subjectedtothe selidification
test in Experiment 1-4. The results are shown in the column of
“Solidification” in Table 2. The results of solidification of

Lest sample Nos. 1 and 2 in Table 2 were copied from Table 1.

Table 2

Test =sample No. 1 2 5 6 7 B 9

Purity of ascorbic
acid Z2=glucogide] 99.9 [ 92.1199.8 99,7 [ 989.6:99.5|99.1
(%)

Degree of
100,04 0.0 95,81 92.6|91.5|89.2|28.9
crystallinity (%)

Selidification - 4 - - - + +
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99.9 99.1 99.1 99.1 Blow ng 20C air for40 mn Cooling condition for
crystalline powder - Unforced cooling Blowing 20C air for 15 mn

As found in the results of Tzabhle 2, test sample No. 9
with & degree of crystallinity of 29.9% was judged tobe “Solidified”
(+) and test sample No. 8 with a degree of crystallinity of 89.2%
was judged to be “Slightly selidified” (). In contrast, test
sample Nos, 7, 6 and 5 with respective degrees of crystallinity
of 91.5%, 92.6%, and 99.8% were ‘judged to be “Not solidified” (-)
similar Lo test sample No. 1. These results indicate that, among
particulate compositions containing anhydrous crystalline ascorpic
acid 2-glucoside, which contains ascorbic acid Z-glucoside in an
amount of 29.1% or higher but less than 99.9%, d.s.b., those with
a degree of crystallinity of 90% or higher for anhydrous crystalline
ascorbic acid 2-glucoeside do not sclidify under the conditions
of this experiment.

Experiment 3

Influence of the dynamic vapor sorption level on the selidification

of particulate composition containing anhydrous crystalline

ascorbic acid 2-glucoside

Since the hygroscopicity of a particulate composition
containing anhydrous crystalline ascorbic acid 2-glucoside is
estimated to be involved in the solidification of the particulate
composition, in this experiment, the dynamic vapor sorption level,
which is assumed to be a useful index for estimating hygroscopicity,
of test sample Nos. 1 and 2 and test sample Nos. 5 te 9 were measured
and the effect of dynamic vapor sorption level on the solidification
of particulate compositions centaining anhydrous crystalline

ascorbic acid 2-glucoside was investigated by verifying the results
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Degreeof crystaalinity(% 100.0 88.1 91.5 94.1 Dynam cvaporsorption
| evel (%9 <O0.01

of solidification test obtailned in Experiment 2-2.
Experiment 3-1

Measurement for dynamic vapor soxption level

About 50 mg aliquots of respective test sample Nos. 1
and 2, prepared in Experiment 1-1, and test sample Neos. 5 to 9,
prepared in Experiment 2-1, were respectively placed in a mesh
sample bucket and allowed to stand in “IGA SORP”, a dynamic vapor
sorption apparatus commercialized by Hiden Isocheme Corp., while
the mesh sample buckets were set to sample holders (made of stainless
steel). Thetest samples were dehydratedby keeping at a temperature
of 25°C and a relative humidity of 0% for 12 hours under nitrogen
gas stream at a flow rate of 200 mi/min and promptly weighed.
Further, the test samples were kept at a temperature of 25°C and
a relative humidity of 35% for 12 hours under nitrogen gas stream
and weighed again. Dynamic vapor seorption level (%) of each test
sample was calculated by substituting into the aforesaid Formula
2 the weight of each test sample whose meoisture has been eliminated
and the welght of the same sample just after hydrated at a temperature
of 25°C and a relative humidity of 35% for 12 hours. The data
of dynamic vapor sorption levels of test sample Nos. 1 and 2 as
well as test sample Nog. 5 to 9, obtained in this experiment, are
shown in Table 3. In paralliel, the purities of ascorbic acid
2-glucoside, obtained in Bxperiment Z-1, and the test results on
solidification thereof, obtained in Experiment 2-2, are shown in

Table 3.
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Table 3

Test sample No. 1 2 5 6 7 8 9

Purity of ascorbic
acid 2-glucoside 99.9 |69.1 ]99.8 |99.7 |99.6 ;99.5]90.4
{%)

o

Dynamic vapor
<0.01[1.70 §<0.01;«0.02]0.01 ;0.05 0,13
sorption level (%)

Selidification - + - - - + 4

As shown in Table 3, the dynamic vapor sorption levels
of test sample Nos. 2 and 5 to 9 were varied from less than 0.01%
(corresponding to “*<0.01” in Table 3 and this applies hereinafter),
i.e., a value of lower than detection iimit, to 1.70%, and this
indicates that even particulate compositions containing anhydrous
crystalline ascorbic acid 2-glucoside, which contains ascorbic
acid 2-glucoside in an amount of 99.1% or higher but less than
99,9%, d.s.b., may have significantly different dynamic vapor
sorption levels, Every test sample Nos. 1, 5 and 6 had a dynamic
vapor sorption level of lower thandetection limit. Onthecontrary,
test sample Nos. 2, 8 and 9 had a dynamic vapor sorption level
of over 0.05%, particularly, test sample No. Z had a dynamic vapor
sorption level of 1.70%, a 10-fold higher dynamic vapor sorption
level than those of test sample Nos. 8 and 9.

Comparing the above results and the results of the column
of “Solidification” in Table 3, there exists a clear correlation

between the solidification of particulate compositions containin
q
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As evident from Table 4, test sanple No. 10, prepared by unforced cooling
after ageing and drying steps of a particulate conposition containing
anhydrous crystalline ascorbic acid 2-glucosi de obtained by
crystallization, had a degree of crystallinity of 88.1% for anhydrous
crystalline ascorbic acid. 2-glucoside and a dynam c vapor sorption |evel

of 0.06% zanddibuwas:ysiegedi i® He:drSald dicfided~g{wEobydehems allicdid Hgatmdr
test. On the contrary, test sanple No. 11, prepared through forced cooling
by bl owi ngaRO€ abrptoonlbavalatteesageemglantodryilngba paptiicll ateving a
conposi tion containing anhydrous crystalline ascorbic acid 2-gl ucoside, had
a degree ofnegmystabboni tyronlen ovbdorl anhyidrous drastddddie as dombitc catiag
2-glucoside and a dynam c vapor sorption |evel of |ower than detection
limit, anélomae\a%-?ﬁ*éige\@mf% bedaagttade selatdiFalddi (led by Phe while test
solidification Lest. Simlarly, test sanple No. 12, prepared through forced
o0l i ng bISBPORIRT 20T PoriatTH A AT AUAPHG S h HEY ot PR it o

iti t ai.ni hydr o. talli r bi, i,d,2-ql i ,» _had
compos! L1 gnagont aining S ous crystall L ne.secorb g0 ¢, 2.9l usasi g, e
2-¢gl i . /nanmni : LON.| ¢ . . h ti i
2.1 eos! dg,gnd odinamc veger 3LRLL onyl el elclowicthan e o

test. Thesg ard%ﬁ%'bito% w@h&@%‘a Ahal s EPgSEE)ﬁEﬁE_'l:b/%%thie%rﬁ)imfc PapbG @8 on

conposi tion can be pronoted by forced cooling father than unforced cooling

conduct ed; af;L@r, 89¢JNG ;a0 LAYk Hp 8t ePSoRfcch RANiIHeHA AL 84 SONPRSIVH AN, ] ine
nmeaning that the forced cooling is nore advant ageous than unforced cooling

i n prepar hBgoabpar kicadl at-gle@Rasid iranswitd a hkghel degeee fofr realizing
crystallinity for anhydrous crystalline ascorbic acid 2-glucoside and a

| ower dynanhersapososodptfianleevet, T shavdargdylisolaldd ilalliecate that
particul ate conposition. Experinent 5 |Influence of the purity of

ascor bi ¢ agiat2-gllrdustaeponi t hen sohitdiihiicat 4 ony dfows pavelkedlane ascorbic
conposi tion contai ning anhydrous crystalline ascorbic acid 2-glucoside
From t he abéde? expbesddidr &l tht anes qoaiedl agidhatgleeral parcandandt et 29. 0%
conposi tion cqntainin? anhydrous crystalline ascorbjc acid 2-glucoside with
an ascor bP& BéPRSZ- ibicdsrde Lhani & -89 rhicgh -&s (9F MOt Thidy FBM aThidt R dBfF
degree of crystallinity for anhydrous crystalline ascotbi,c _aci,d 2-glucaside
and the. AFREHLoagor Dot | Dot BB Heitcr i vl §oF cFaLary SF B atBdRs rHE"
solidificati%n of the.,. g@pgiqulqte Qogposition. In this experinment, the

rel at i onshAPBUB&twEEN *Eh& S5 CEHPFTEAT S of the particul ate composition and

ghi purity of L-ascerbi ¢ acid 1heraql Jwap tufbhes JHvest Loat eds n EXpeni it
dynamic vapor sorption level as high as 1.70% in this experiment
suggests that the vapor sorption is mainly induced by amorphous
ascorbic acid 2=-glucoside. On the other hand, the fact that test
sample No. 1 showed a dynamic vapor sorpticn level of lower than
detection limit suggests that the sample does not substantially
contain amorphous ascorbic acid 2-glucoside like test sample No.
2. These results well coincided with the powder X-ray diffraction
patterns of test sample No. 1 shown in FIGs. 1 and 3 and they support

that test sample No. 1 is a proper standard sample for defining
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Preparation of test sanple Test sanple Nos . 13 to 18, shown
inTable 5, having different purities of ascorbic acid 2-glucoside, were
prepared from agueous sol utions containing L-ascorbic acid and dextrin, a
ki nd of anyl aceous substance, as described bel ow; and subjected to the
solidification test simlarly as in Experinment 1-4. Four parts
by wei ght 196 &fh NEDEX: #1091 ue a1,gd@Xti Antgareie aklyzed Lhy nvhbsetabii cChertidcal
| ndustries Co., Ltd., Hyogo, Japan, was dissolved in 15 parts by wei ght of
wat er by heatingsidhens threel pdotrschycwnbd ghty dfhe dagrorbi € cayisd adds nity
adm xed with the solution. successively, 100 units/g dextrin. of CGlase

f r om Geobéck| #nlsydteas ot hes tphi hosTe=@2 ¢ rétifl gl 2B inia $yapadekinyd i of

i soanyl ase, commercialized by Hayashi bara Bi ochem cal Laboratories Inc.,
Ckayama, Japanlawere admi xed with the above solution and subjected to an
enzymatic_reaction while keeping the resulting solution at a pH of 5.5 and
a tenper aBYPBLANEBECAf or 50 hours to form ascorbic acid 2-gaucoside. It can
be specul at that a. -gl | -] -ascorpic acids such as 2-0- a .
ral Fosyl ifbubnenid 185ette L TR PhE G RGP AL Dnbry, gunpnic
-mal totetraosyl-L-ascaorbic aci . f - he.r. 40N

ol Ut on. “ABELS et tuaer g s ShS1ai B¥Bhe oo I ERFC) Bul JPe PRI son
sol ution was adjusted_to oW ifed W t=h .5 ' redeXid vy Ofi+v was
"GLUCZYME AF6", a p?%&&b%’Bga%égfl%gngﬁug'ggn;fpgggasqg{gc?nxg’)r(?q?)g{crﬁ*ré’r cialized by
Amano EnzypmsahRe. thALGhin Japan 1 Ath sd8eIed £ o AN ¢ drefeldans
for 24 hours for hydr ofy2| ng 't he above a -glycosyl-L-ascorbic acids into
ascor bi ¢ agidt2igkueoshdecandchydephyze Agltbesiesni nboghconicom dentee of
ol i gosaccharides into D-glucose. After the reaction, the reaction solution
cont ai nedcagyeqrhildnaciythrd: ghucgsiata d vepopeodpttbod opicel df ohe3gfgticulate
The reaction solution was heated to inactivate glucoanyl ase, decol ored and
filtered wotipoan tachi vatlededlyar cedlatesulljcectide t e odl icol flitgfen  thereof.
cation-exchange resin (Wfornm for desalting and then subjected to an

ani on- exchange diegily (G - thin) expcabsent , L-dstof Bl ¢CWeNd Afd Casttibiecdei d
2-glucoside, followed washing the resin with water to rengove D-gl ucose. and
feedi ng 0thes N R B i cf%%arafﬂi sePatine ©°F ef f BECteFUtASR. THRPRT LY
was concentrated to give a solid content of about 50% and t hﬁq subjected to
col urm chFERELEGHESHTT Vgt A3 TDUREX=BEWRE" 3 CLBY 1P hyPS ' hRERIT™ Hane” bt
a strong-acid cation exchange resin co rcialized Lcal y.
The. el uar & HEGGENP AT Eh oo i BT o bUF FEL Lbftt Bkt a1 NG 500 has TR oy
the colu in.a v ne,. t .14 50-fo f- the .Eesi n, yol Last

col um, gﬁ'gv?aéd vwgk1 riék?%ng%%%bc%ni]éﬁmiqﬂ'%&gv%fung o}\fg\ggbg'ggllgggof tﬁleé"?%iéggn
vol unme of al.uat t l.j.near.. 8l oci ty= of - Indhour, - {9l 3 onved- by de .
fracti onatckﬁg%qﬁg%rgggg\qﬁﬂﬁgd% l?(ft)}e/bﬁ"bagL 1011%65?{/& ?n%%l?%ﬂ%td)sn%\?g(tﬁe col um

vol une. Thergafit.er, taie conposition of each fraction was measured on HPLC
descri bed

rment™ 1- 1, and six fractions with an ascorbic acid

2- gl ucosi ¢a-czoeMn off 8%+t dsangels , or higher were collected, and
concentraté€d in vacua to givVvé a solid concentration of about 76% The
resul ting concent r atmex maisc il aced cimpoa icriysitsgl breppycddaixedanl vied est test
sanple No. 1, obtained in Experinent 1-1, as a seed, in an anopunt of two
percent ofsanye sbi ¢ cobkpatspedtd. 1., wé ok rewed ciy. vedol $eeahentéenperal bee
of the solution from40C to 15C over two days under gentle stirring
condi t i ong: &y enyskapt iizesaskanipe e vwidild a2cgh sie@st detike iy aydrdusaity

crystalline ascorbic acid 2-glucoside, . . o
controlled at 25°C and a relative humidity of 90% for 16 hours

to accelerate crystallization and to partially crystallize the

resulting particulate composition. Thereafter, the metallic tray
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Thereafter, according to conventional manner, test sanple Nos. 1.3 to 18,
shown in Table 5, were prepared by collecting crystals fromthe nassecuite
by a basket-type centrifuge, washing the crystals with a snall anount of
distilled water, ageing and drying the washed crystals, blow ng 25C air for
30 minto the aged and dried crystals for cooling, and pul verizing the
resul tant wasTakkenboutegtrogamiee Number, dried at 40°C for eight hours,

and successively, unforcedly cocled for about two hours to obtain
test sample No. 10 or cooled by force after drying and then blowing
20°C air for 15 or 40 min te the particulate compeosition in the
tray to obtain test sample Nos. 11 and 12, respectively. Test
sample Nos., 10 to 12 were respectively enclosed hermetically in
# vial with a cap and stored in a desiccator with a desiccant until
just before being subjected to analytical tests.

E¥periment 4-2

Measurement of the purity of ascorbic acid Z2-glucoside

The purities of ascorbic acid Z-gluccoside of test sample
Nos. 10 to 172 were measured by the method described in Experiment
1-2 and the results are in Table 4. The purity cf ascorbic acid
2-gluceside of test sample No. 1 was copied from Table 1.

Experiment 4-3

Measurement of the degree of crystallinity anddynamic vapor sorption

The degree of crystallinity for anhydrous crystalline
ascorbic acid 2-glucoside and the dynamic vapor sorplbtion levels
of the particulate compositions of test sample Nos., 10 to 12 were
measuredby themethods described inExperiments 1 and 3, respectively.

The results are in Takle 4. The results for test sample No, 1
in Table 4 were copied from Tables 1 and 3.

Experiment 4-4

Solidification tesat

Test sample Nos. 10 to 12 were subjected to tLhe
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13 14 15 16 17 18 19 Purity of ascorbic acid 2- glucoside(% 99.9

solidification test as in Experiment 1-4. 7The results are shown
in the column of “Solidification” in Table 4 along wilth the result

of that of test sample No. 1 described in Table 1.

Table 4

Test sample No. 1 10 11 12

Purityof ascorbicacid

Z2-glucoside (%) 99.9 99.1 99.1 | 99,1

e Blowing ! Blowing

Cooling condition for Unforced | 20°C air [ 20°C air

crystalline powder - cooling | fer 15| for 40

min min

Degree of

crystallinity (%) 100.0 gg.i 1.5 94,1

Dynamic vapor scrption

level (%) <0.01 0.06 <0.01 <0.01
Soplidification . L - i

As evident from Table 4, test sample No. 10, prepared
by unforced cooling after ageing and drying steps of a particulate
compositiocn containing anhydrous crystalline ascorbic acld
2-glucoside obtained by crystallization, had a degree of
crystallinity of 88.1% for anhydrous crystalline ascorbic acid
2-glucoside and a dynamic vapor sorption level of 0.06%, and it
was judged to be “Solidified” (+) by the solidification fest.
On the contrary, test sample No. 11, prepared through forced cooling
by blowing 20°C air for 15 min after ageing and drying a particulate
composition containing anhydrous crystalline ascorbic acid
2-glucoside, had a degree of crystallinity 91.5 % for anhydrous
crystalline ascorbic acid 2-glucoside and a dynamic vapor sorption

level of lower than detection limit, and it was judged to be “Not

73



99.1 97.4 98.0 98.6 99.1 99.5 99.7 98.9 Degree of crystall inity (%

solidified” {-) by the solidification test. Similarly, test sample
No. 12, prepared through forced cooling by blowing 20°C air for
40 min after ageing and drying a particulate composition containing
anhydrous crystalline ascorbic acid 2-glucoside, had a degree of
crystallinity of 94.1% for anhydrous crystalline ascorbic acid
Z2-glucesideandadynamicvapor serptionlevel of lowerthandetection
limit, and 1t was Jjudged to be “Not solidified” (-) by the
splidification test. These results indicate that the
crystallization of a particulate composition can be prometed by
forced cooling rather than unforced cooling conducted after ageing
and drying steps of a particulate compositicn, meaning that the
forced cooling is more advantageous than unforced cooling in
preparing a particulate compesition with a higher degres of
crystallinity for anhydrous crystalline ascorbic acid 2-glucoside
and a lower dynamic vapor sorption level, i.e., ahardlysolidifiable
particulate composition.

Experiment 5

Influence of the purity of ascorbic acid Z-glucoside on the

sclidification of a particulate composiltion containing anhydrous

crystalline asccrbic acid 2-glucoside

From the above experiments, 1t was revealed that, in
aparticulatecomposition containing anhydrous crystalline ascorbic
acid 2-glucoside with an ascorbic acid 2-gluceside purity as high
ag 99.1% or higher, both the degree of crystallinity for anhydrous
crystalline ascorbicacid2-glucoside and the dynamic vapor serption

level respectively, closely relate to the solidification of the
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0.0 88.7 89.0 91.6 94.8 99.4 99.5

particulate composition. In this experiment, the relationship
between the solidification of the particulate composition and the
purity of l—ascorbic acid thereof was further investigated.

Experiment 5-1

Preparaticn of test sampie

Tast sampleNos. 13to 18, showninTable 5, havingdifferent
purities of ascorbic acid 2-glucoside, were prepared from aqueous
solutions containing L-ascorbic acid and dextrin, a kind of
amylaceous substance, as described below; and subjected to the
solidification test similarly as in Experiment 1-4.

Four parts by weight of “PINEDEX #1007, a dextrin
commercialized by Matsutani Chemical Industries Co., Ltd., Hyogo,
Japan, was dissoived in 15 parts by weight of water by heating.
Then, three parts by weight of Leascorbic acid was admized with
the solution. Successively, 100 units/g dextrin of CGTase from
Geobacillus stearothermophilus Te=-62 strainand 250 units/g dextrin
of isocamylase, commercialized by Hayashibara Riochemical
Laboratories Inc., QOkayama, Japan, were admixed wilth the above
solution and subjected to an enzymatic reaction while keeping the
resulting solution at a pH of 5.5 and a temperature of 55°C for
50 hours to form ascorbic acid 2-gluceside. It can be speculated
that a =glycosyl-L-ascorbhic acids auch as 2-0-  «
-maltosyl-L-ascorbic acid, 2-0-a@-maltotriosyl-L-ascorbic acid,
2-0- a —-maltotetracosyl-li-ascorbic acid, etc., must be formed in
the reaction solution.

After inactivating the enzymes by heating, the reaction
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88.9 Dynam c vapor sorption level (% <0.01 1.70 0.07 0.04 0.01 <0,01 <0.01

solution was adjusted to pH 4.5, admixed with 50 units/g-dextrin
of “GLUCZYME AF6”, a product name of a gluccamylase specimen
commercialized by Amanc Enzymes Inc., Aichi, Japan, and subjected
to an enzymatic reaction for 24 hours for hydrolyzing the above
@ ~glycosyl-L-ascorbic acids into ascorbic acid 2-gluccside and
hydrolyzing the remaining concomitant oligosaccharides into
D-glucose. After the reaction, the reactien solution contained
ascorbic acid 2-glucoside in a production yield of 39%.

The reaction soluticn was heated to 1nactivate
glucoamylase, decolored and filtered with an activated charcoal,
subjectedtoacmlumnmfcationmexchanger@&in{H*mfomn)fordemalting
and then subjected to an anion-exchange resin (OH -form) to absorb
L-ascorkic acid and ascorbic acid 2-glucecside, followed washing
the resinwithwater toremove D-glucose and feeding 0. 5Nhydrochloric
acid soluticn to effect elution. The eluate was concentrated to
give a solid content of about 50% and then subjected to column
chromatography using “DOWEX H0WX4” (Ca**~form), a product name of
a strong-acid cation exchange resin commercialized by Dow Chemical
Company. The eluate concentralted te give a solid content of about
50% was loaded on the column in a volume of about 1/50-fold of
the wet resin volume in the column, and fed with refined water
in a volume of 50~folds of the load volume of the eluate at a linear
velocity of 1 m/hour, followed by fractionating the resuiting eluate
by 0.05%-volume aliquots of the column volume. Thereafter, the
composition of each fraction was measured on HPLC described in

Experiment 1-1, and six fractions with an ascorbic acld Z-glucoside
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<0.01 0.03 Solidification - + + - -

content of 80%, d.s.b., or higher were collected, and concentrated
in vacuo Lo give a solid concentration of about 76%. The resulting
concentrate was placed in a crystallizer, admixed with test sample
No. 1, obtained in Experiment 1-1, as a seed, in an amount of two
percent of the solid contents, d.s.b., followed by cocling the
temperature of the solution from 40°C to 15°C over two days under
gentlestirringconditionstx:crystallizeaacorbicacidnglucoaid@
to form anhydrous crystalline ascorbic acid 2-glucoside.
Thereafter, according to conventional manner, test sample
Nos. 13 to 18, shown in Table 5, were prepared by collecting crystals
fromthemassecuitebyabasket-type centrifuge, washing thecrystals
with a small amount of distilled water, ageing and drying the washed
crystals, blowing 25°C air for 30 min to the aged and dried crystals

for cooling, and pulverizing the resultant.

77



+ Storage stabili- ty + +

Test

sample 7 o 13 14 1

No. 16 17 18 19

o

Purity of
ascorblc
aclid 2- ) i .

gluco~ 86,86 | 46,11 97.4 98,0 | 98.6 | 99.1 | 99.5 1 99,7 | 98.9
side (%)

Daegree of
crystall
inity (%)
Dynami.c
vapor
:sorpticm 20.01 1.790 0.07 0.04 .01 (0,01 | =0.01 | «0.01 0.03
level (%)
Splidi-
fication - + A
Storage
stabhili-
ty

100.0 0.0 | 88.7|89.0;921.6|94.8|99.4|95.5|88.9

=+
i
|
E
I_I_

Test sample Nos. 1 and 2 in Table 5 were the same as
those inExperiment 1-1, andthepuritiescof ascorbicacidz-glucoside,
the degrees of crystallinity for anhydrous crystalline ascorbic
acid 2~glucoside, and the dynamic vapor scorption levels thereof
were copied from the antecedent experimental results. Inaddition,
“AAZ2G”, a product name of a particulate composition containing
anhydrous crystalline ascorbic acid 2-glucecside, commercilalized
by Hayashibara Biochemical Laboratories, Inc., Ckayama, Japan,
which is a conventional guasi-drug-grade powder, was used as test
sample No. 19. According to the methods described in the antecedent
experiments, the purities of ascorbic acid Z2-glucoside, the degrees

of crystallinity foranhydrouscrystalline ascorbicacidiZ-glucoside,
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+ Test sanple Nos 1 and 2 in Table 5 were the sane as
those in Experiment 1-1, and the purities of ascorbic acid 2-glucoside, the
degrees of crystallinity for anhydrous crystalline ascorbic acid
2-glucoside, and the dynam c vapor sorption |evels thereof were copied from
t he antecedent experinental results. In addition, "AA2G', a product nane of
a parti culsate +6RMRYSIatHieN vE@RiAisirtd i eSS a5ty steald ispenAscovdy . Bt
2-gl ucosi de, commercialized by Hayashi bara Bi ochenmi cal Laboratories, Inc.
Ckayama, Japae;aMiicehlurs:da eonvemts aradulgusasiradriug-Tgidde Jpowder, was used
as test sanple No. 19. According to the nmethods described in the antecedent
experi nenttxpetigepur ift42es of ascorbic acid 2-glucoside, the degrees of
crystallinity for anhydrous crystalline ascorbic acid 2-glucosic-le, and
the dynaniSelialidri cseripr diedlevel s of test sanple hbs 13 to 19 were

measured, and the results are in Table 5. Egerlnen -2, C
Test sample Nos. 13 to ebtained in Experiment 5-1,

were tested for their solidification by the similar method as in
Experiment 1-4. The results are shown in Table 5. The results
of the solidification tests for test sample Nos. 1 and 2 in Table
5 were copied from Table 1.

Experiment 5-3

Test for storage stability

Te confirm that the scolidification test conducted in
Experiment 1-4, etc., is a proper test for evaluating the
solidifiability of a particulate composition containing anhydrous
arystalline ascorbic acid 2-glucoside under practical storage
conditions, test sample No. 1 obtained in Experiment 1-1, test
sample Nos. 13 to 18 obtained in Experiment 5-1, and test sample
No. 19 were subjected to a storage stability test which is designed
taking account of conditions, environment, and perilod of time of
actual storage of a particulate composition containing anbydrous
crystalline ascorbic acid 2-glucoside.

Ten kilograms aliquots of any of test sample Nos. 1 and
13 to 19 were respectively placed in a polyethylene-double-bag
(80 mm by 600 mm). 'Then, each bag was placed in a 1l8-liter steel
can in such a manner of allewing the opening part of the bag to

stand upright and to be opened, allowing to stand without capping
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Solidification test Test. sanple Nos. 13 to 19, obtained in
Experinent 5-1, were tested for their solidification by the simlar- nethod
as in Experinent 1-4. The results are shown in Table 5. The results of the
solidification tests for test sanple Nos. 1 and 2 in Table 5 were copi ed
from Table 1. Experinent 5-3 Test for storage stabiliti To
confirmthat thesolddi fisaliomtost condust adyenubxper ithentecckhdd,tieties ,of S
a proper test for evaluating the solidifiability of a particul ate

conposi t i ankdent:aitenpg ranhydr ausl ¢ryst afl nnésascer bootacild Al e obrddays
under practical storage conditions, test sanple No. |. obtained in

Experi nentstbrege,estacdanpllaycNdy.l 1@ teal 8vidht aimed § i B perd hremmiblgs aig
test sanple No. 19 were subjected to a storage stability test which is

desi gned tralkieng cadcdanm shecendi t RbAsthenvRFbnAdRPleandc per FaleBf ¢t ner of
actual storage of' a particul ate conposition containing anhydrous .
crystal | i ideaBagrbRRA gt 3F 9 Grugost get plastic P-‘-aﬂf‘eﬁi%itrﬁobighrf&a%‘f?*a%%%cof

any of test sanple Nos._ 1 and 13 to 19 were respectiyvel | aced.inp. a....

ol yet hyl SHESI0S STbalE (B8 BySROB AT POTRG I Gde IR vas Bl hebee T ho
18-liter s&@eelj@gqhan in such a manner of allow ng the opening part of the bag
to stand up‘rq ght”"and to be opened, allowing to stand without capping the

steel can, and storiy QL +49; - 1 conditi-ong-0f auPi @NEicary
N Qs 49.4 X%B% _;,x@&m%m PReft &5DI&NEication

tenperature and free of noistur er 45-days storage, each

pol yethyl ene bag Wil AnhPfcthe.test sampliaxiwasd-aken) puteafiieom)t hescane
and the test sanples were taken out fromthe bags and placed on a bl ack

plastic planedlal enf arcoBerNsgap anebsrevetdonr Dbwiheiabireey fdfowhrgtest
abilities and solidification degrees. The test sanples were
j udged abaigmgiheirasaldwk fdcain arongyatheed okl igatcrat echa: inSoladidbneds
(+); cake(s) is/are detected in a test sanple and the free-flowing ability
of the testhsampde. hadidtoweretdifil edhpari sonowicefet hat drttadiezd nin i at Featof
the test. "Not solidified" (-); no cake is detected in a test sanple and
the free-fdaowiry andlthy 6feehélevsndsahplle tias hdthcHaRfedsH P tONPAFI 865
with that at the initiation of the test. The storage form of each test
sanpl e in GG rEYeCIMRBELFPY Vekh Lhathétsdig adithigtel ¥t ol the test.
quasi - drug- grade powders, when th are conmercially distributed.and . =
Stored, extoh® FBRHoL o2t AP ThE SireAP g 5r -EH bag SWAIF & Fimtar bhRa"
not putting in any desiccant, and not_being stored in a stee n Wit h
cover therJe'?Jp‘g'hc'.E 8 eaab%v@“fﬁ? g2 dff et e%lé'g% %‘F‘g‘”plfgv\flg%lg%'flg}rjgﬁhéws rsgge
of setting, L ENVi T on s..f.or I test.slig harder .than_ thase . af.
the pract ig<(':(%1 céig(ﬁﬁ“éafr%ar?'{)%ﬁ"sirlf%%c?i %ga&r'lgéé%gfabg&% Fid?t’jlgor%cs} o? {Dﬁé 9
particul at g, COPPOFIH L 00544 NE L 18 Yhibhed BafhS hdiN pl@Rkli®gdin any desiccant,
and not being stored in a steel can with a cover thereupon. The
above three differences were provided for the purpose of setting
the environments for storage test slightly harder than those of
the practical commercial distribution and storage conditions of
the particulate compositions. The results are also in Table 5.
As shown in Table &, except for test sample No. 2 consisting
substantially of amorphous ascorbic acid 2-glucoside and test sample

No. 19, a guasi-drug=-grade powder, the remaining Lest sample Nos.
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As shown inTable 5, except for test sanpleNo. 2 consisting substantially of
anor phous ascorbic acid 2-glucoside and test sanple No. 19, a.

guasi -drug- grade powder, the remaining test sanple Nos. 1 and 13 to 18
tend to increase their degrees of crystallinity for anhydrous crystalline
ascorbic acid 2-glucoside as their purities of ascorbic acid 2-glucoside

i ncrease. 1l anthe 3sald diff iwcatd oot estredest tsanpl deoses18dfand vi4 alidtimity
respective purities of ascorbic acid 2-glucoside of 97.4% and 98. 0% wer e

j udged t olierSdriididime ¢xysorli$Shisghtdaordold dafidd? (9l OnabontEaryne st
sanple Nos. 15 to 18 with a purity of ascorbic acid 2-glucoside of 98.6 to
99. 7 wer epjpd§édst oobe '=RGLIEGIG diFfdisd" L~luchdsE r ddUFTR di cat’d t Hdt®
the threshold value of the purity of ascorbic aci.d 2-glucoside that

,a val ) P ey A w
i nfl uence§Condifhé Cadiirdi £egbivl tEF T SeEPdE PSund 98N dnd HH &SSHRIWdes
that the purity of ascorbic acid, 6 2-glucoside being qver 98 0% nust be,
noeded {oPIGHELER o 08 CHAPLICHT o G- UOOR CRORE e T g ity gts Caed
crystalline ascorbic, acid, 2-gl ucasi de which-is. gd. to be. " Not . ...
sol i di fi ed® < )b%ty)“"‘?%@l%“gl 70 Sl 01181 EYERPA4H 0 On thicanc rary,
was observyed.in | L Q Lo larl s Les &L de
t hough théggbr??%gzéo dségﬂg?iﬂd%?hﬁi{gﬁﬁgggrieao¥§?g§?1égﬁ%réKﬁgéﬂiéﬁio
18 vere 98:6%t @ 99, @%.--Mhlméhgﬁf‘dg%m Bdhensamesd evel 187 t haf , ofriest
sanmpl e No. 19, a quasi-drug-grade powder, with apurity of 98.9% and
si gni fi capkley1k@wesdt Banethalt ofet €5t Soaph &raNae bf hd gaganty grade:paner
consi sting substantially of anhydrous crystalline ascorbic acid
2- gl ucosi deid Belkylneferiercehdthd rdagiers: soforcryst aldliird ity £ior ] anhyldresisat
crystalline ascorbic acid 2-glucoside of test sanple Nos. 15 to 18 were
91. 6% to 9Fch¥d &Rd (teshdsahpkbechoclt8esatigatsthdrpgr gt adel powderh i qagcid
88.9% as |ow as less than 90% Fromthese results, it can be concluded
that the degihesostider yiseahdi miviey f 3% - Ghhydssusber peesled neons OSLBILE 186 ¢
2-gl ucosi de shoul d be nmade 90% or hi gher for obtaining a desired .
parti cul aPerEdmpdsiua 6AMPesat PRI ¢y ahHy D de hras FriHatadéonsi Toeefatc
2-glucoside which is sigpificantly solidifiable than test. sanple No, 19 a
quasi - dr ug<grade Pidifferiae which 15 Thdgedt ToaRfl & \Wos SO Hhd 1517 ol 18, Y
t here was found _a fendency that their dynam c vapor sorption |evels
decr ease é%miﬁ%?ﬂ‘%dﬂfﬁﬂﬁéﬁbpiﬁﬁcorbic aci d 2-glucoside increase. Test
sanple No. 13 with adynanic vanar sorpld o, Lexelq of, O 0706 vas, | udged tosbe

] at Wi th e

"Solidified" (+), ané’éhnp é‘ respective dynam ¢ vapor

sorpLi on Leyeks. ol £, O4V.ani 2 OPauRpeol Laded e bec TSl ahily csollchthedt

(). On the contrary t sa th aci'ynam ¢ vapor sorption | eve

of 0.01% and f esly 18R eNI$ - +dbt Lk Iy dYBATLCI ¥ AROF: SGNRLI @8 HeVehs
of | ower than detection limt were judged to be "Not solidified" (-). These
resul ts i Rgiicat edrhaty 1nhe Wdymamsameaner «3@r Bkl @Rakevel tektaspaplizcubat €9,
conposition containing anhydrous crystalline ascorbic acid 2-glucoside
shoul d be amgdes 00tk oLrhaveroddrobiatn appai ti el a8 edtonprbsigonficantly
cont ai ni ng anhydrous crystalline ascorbic acid 2-glucoside which has a

si gni fi cantdwer ownen téeltidi fi&abislkidol ctthanlt este saapt gride Moydar consisting
guasi - drug- gr ade powder. As shown in the bottom colum of Table
5, test. saiplterNoisallBodnanhgdnpth ¢wsplett )i puirdatles: efidséogbicoasid-
2-gl ucosi de of 97.4% and 98. 0% were judged to be "Solidified" (+) on the
storage st dlsin | epfesencein Whtchieneyeserd stovedaldrl s Yday8Ti n2BRELTrPHS

crystalline ascorbic acid 2-glucoside of test sample Nos. 15 to
18 were 91.6% to 99.5%, and test sample No. 19, a quasi-drug-grade

powder, had 88.9% as low as less than 90%. From these results,
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respective anmounts of 10 kg/bag al. ong the lines of their actually
commerci alized products form On. the contrary, test sanple Nos. 15 to 18
with a purity of ascorbic acid 2-glucoside of 98.6%to 99. 7% were judged to
be "Not solidified" (-) simlar to the results in their solidification
tests. These facts indicate that the soli.dification test as shown in
Experinment 1-4, 18 eoncliSc@dPERREN € ed: @l evabHastapl thet gofddishilgaticors of
a particulate conposition containing anhydrous crystal |ine ascorbic acid
2- gl ucosi devinden i pragt &6abi starage -gilucurEiencesul EXpemanenp06 or higher
Rel ati onship between the degree of crystallinity and the crystallite size
of parti cukat eclooaposingi an destiaieni ngaahhgdiotie crompat i en, aseortbididd d

2-c-4: Luc: asi de In general, a powderous particle of a powder
cont ai ni ngntiyystalss i yedndildered ae-bebtonstEuét eawaguﬁpéﬁéﬁ sifhgl® 18
crystal, i.e. , constructed by crystallites. It is specul ated. that Bhe a

hi gher theidagrideaon lor ystatidhiigPbd athsidertethe FAFGEF t HE siz
(dianeter) of each crystal] ite becones. The above crystallite size is said
to be cal CWPaEiedIHASET o6 PSM&T-er fornul 2" shown in the fol | owi ng Fornmul a

6] b i hal f-w dt h of i ffracti d di,f t s
&h%chyarzlggl2u|:tedﬁ%§§§ﬁp5ﬁﬁﬁg&b§¥%§rpg;”ﬁf?ﬁ%ac H%H B#%%ﬁ%é@%gﬁag%#%d%er
ft f | at | 1 (W i .8 i l.egd.
sowder x eyt AiE SRSy BEN RS L SrpE ih 1L R, A Asnesals

substantial | .af, Anhy drLous ey stalyl b0g1886Qk BiC 1 Aekdadegl ULOSt deamPI &PRs £d
in Experi%%#ﬁt;Uﬁggiggg#ﬁFéch. 15, g partfculéte conposi tion containi ng

anhydrops:“§@M§§p%Inga%ggong%ragbquighug@sbdeo@repan@dwha peedneat nd
and having a purity of ascorbic acid 2-glucoside and a degree of

crystal i nigy fpreidg aphydrons saystal hisnentonm wihiichraspe ol at i dghynic
close to those of conventional quasi-drug-grade powders; and test sanple
No. 19 useghpdr Experisentedsl=aotohvent izomal . Qddsiedy jydgedder powdet i ghes g
sel ected and cal cul ated for crystallite size of a single powderous particle
by the foldeMmidigfimet'hdd) . Fopmilra £6hitrkxy, test sample No. 15 with a dynamic
vapor sorption level of 0.01% and test sample Nos. 16 to 18 with
dynamic vapor sorption levels of lower than detection limit were
judged to be “Not solidified” (-). These results indicate that
the dynamic vapor sorption level of a particulate composition
containing anhydrous crystalline ascorbic acid 2-glucoside should
hemade 0.01% or lower toobtaina particulate composition containing
anhydrous c¢rystalline ascorbic acid Z2Z-glucoside which has a
significantly lower solidifiability than test sample No. 19, a
quasi-drug-grade powder.
As shown in the bottom column of Table 5, test sample
Nos. 13 and 14 with respective purities of ascorbic acid 2-glucoside

of 97.4% and 98.0% were judged to be “Solidified” (+) on the storage

stability test, in which they were stored for 43 days in bags in
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- ficosO Di Size of crystallite (A) X Wavelength of X-ray (A) 3:

Diffraction line wdth (rad) 0: Diffraction angle ( ) K Constant (0.9 when

a half-width (a full-width at half maximum is used for 3) <Method for
calculating crystallite size of anhydrous crystalline ascorbic acid

2- gl ucosi de> The power X-ray diffraction profiles, which had
been used feofdetiefnmong tiheranal iy /iead aadries hiot ihbe afhyldspusactually

crystalline ascorbic acid 2-glucosides in respective test sanple Nos.

1, 15

and 19 i n dorpenicieti zkdoprodumense fosed adnpowdero:rayy difésactiraml rivfil es

for the basis of calculating crystallite size.

15 to 18 with a purity of ascorbic acid Z-glucoside of 98.6% to

99.7% were judged to be “Not solidified” (~) similar to the results

in their solidification tests. These facts indicate that the

solidification test as shown in Experiment 1-4, etc., is a proper

test for evaluating the solidification of a particulate composition

containing anhydrous crystalline ascorbic acid 2-glucoside under

practical storage circumstances.

Experiment 6

Relationshipbetween thedegree of crystallinity andthecrystallite

size of particulate compesition containing anhydrous crystalline

ascorblic acid Z2-gluceside

In general, a powderous particle of a powder containing

crystals is considered to be constructed by plural single crystal,

i.e., constructedby crystallites. It isspeculatedthat thehigher

thedegreeof crystallinityof apowder, thelargerthesize (diameter)

of each crystallite becomes. The above crystallite size is said

to be calculated based on “3Scherrer formuila” shown in the following

Formula [6] by using a half-width of a diffraction peak and a

diffraction angle, which are calculated based on powder

X=ray

diffraction profiles. A computer software for calculating such

crystallite size is installed in a general powder ¥X-ray diffraction

analyzer. Test sample No. 1, consisting substantially of anhydrous

crystalline ascorbic acid 2-glucoside, prepared in Experiment 1;

test sample No. 15, a particulate compesition contalning anhydrous
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Fromthe diffraction patterns prepared by anal yzi ng the above powder X-ray
diffraction profiles, diffractibn peaks with diffraction angles (20) of
around 10.40 , 13.2 , 18.3 , 21.9 and 22.6 were selected as diffraction
peaks which are used for calculating the crystallite size of an anhydrous
crystalline ascorbic acid 2-glucoside and are separabl e each other in a
region at cayeglaatiiived yad weri angt £d t haglusos eaegpirzed:-t:d havepdessere 5

i nfluence on diffraction peak width arisen from non-uniformstrain of
crystal |l i texd haxipowdepoustparti gbeorbscngeliX 2pettcthghiscong Plasdyeant
anal ytical processing conputer software installed in a powder X-ray

di ffracti ewyartalyizeritw hEopovider Xhhagrgusf raeysoalpiodi feyrmpf rBspBctave
test sanples were processed to determine the half-w dths and diffraction
angl es (20 iGf ived el eet &@ Fhver Aiff o ok pbhRE 2 SWHPEN Ingr 8 dempders
calibrated based on the neasurenents obtai ned with, as standard, sjlicon
("Si 8400" A5h ¥y SAEAEAdIT on L9t AIRER o BangPE T IR dod By TGItY TharonsL
Institute of Standards and Techpol ogy (NIST) in USA. Wth the calibrated
Pl - dt G R R on BRIy (Ot SRt a T o TSt B AR B s s

Craste ]l D BRSPS 30 2oL ngRL S5, | 0.0a0h b epbeammLes ey gl gul ey

t he progr cher rer a rn the conpute
in Table gmipnghcrystallite si ze of each test sanple was an average of the
cal cul ate &hta fronthe selected five diffraction peaks, respectively. The
purity of mseqarhi ci@ci d 2-glucoside and the degree of crystallinity of
anhydrous crystal thereof are only copied fromthose in Table 5. For

ref erence, since t%é'pomder X-ray diffraction patterns of test sanple Nos.
15 and 19 were both detected at diffraction angles (20) in the range of 4
to 65 as di éarand sharp diffraction peaks characteristic to anhydrous
crystalline ascgrbic, Pid 2-glucoside and the diffraction patterns were
wel | coi nci ded &i% R ?ﬁe powder X-ray diffraction pattern (FIG 1) of test
sanple No. 1, it was judged reasonable,to conpare the test sanples each
other based ot Kgize ©dl culvatted lddca #60 crystallite size of anhydrous
crystalline aicorbic aci d 2-gl ucosi de ntai ned in each test sanple, based
on the powder X AV s HEt @NﬁiﬁﬁXefﬁg of these test sanples . Table 6

Test sample Nov. L. v icrion line width (rad)

0: piffraction angle (° )
K: Constant (0.9 when a half-width (a full-width at half

maximum) is used for f)

<Method for calculating crystallite size of anhydrous crystalline
ascorbic acid 2-glucoside=

The power X-ray diffraction profiles, which had been
used for determining the analytical values for the anhydrous
grystalline ascorbic acid 2-glucosides in respective test sample
Nozs. 1, 15 and 1% in Experiment 1 or 5, were used as powder X-ray

diffractionprofiles for the basis of calculating crystallite size.

84



15 19 98.9 Purityof ascorbic acid 2-glucoside (75) Degreeof crystallinity
(99 99.9

From the diffraction patterns prepared by analyzing the above
powder ¥X-ray diffraction profiles, diffraction peaks with
diffraction angles (28) of around 10.4° , 13.2° , 18.3 , 21.9°
and 22.6° were selected as diffracltion peaks which are used for
calculating the crystallite =ize of an anhydrous crystalline
ascorbic acid 2-glucoside and are separable each other in a region
at a relatively lower angle that is recognized to have a lasser
influence on diffraction peak width arisen from non-uniform strain
of crystallite in a powderous particle. Using “X' pert Highscore
Plus”, an analytical processing computer software installed in

a powder X-ray diffraction analyrzer, the powder X-ray diffraction

the half-widths and diffraction angles (20 ) of the selected five
diffraction peaks, which were then calibrated based on the
measurements obtained with, as a standard, silicon (“51640C"%, an
X-ray diffraction standard sample, provided by National Institute
of Standards and Technolegy (NIST) in USA., With the calibrated
half-widths and diffraction angles (20), the crystallite size
of anhydrous crystalline ascorbic acid 2-gluceside in each test
sample was calculated by the pregram of “Scherrer” formula in the
computer software. The results are in Table 6. The crystallite
size of each test sample was an average of the calculated data
fromthe selected five diffraction peaks, respectively. The purity
of ascorbic acid Z-giucoside and the degree of crystallinity of
anhydrous crystal thereof are only copied from those in Table 5.

For reference, since the powder ¥-ray diffraction patterns of
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98.

6

100 91.6 88.9 crystallite size(A) 1,770 1,440

tLest sample Nos. 15 and 19 were both detected at diffraction angles
(20) in the range of 4° to 65° as clear and sharp diffraction
paaks characteristic to anhydrous crystalline ascorbic acid
2-glucoside and the diffraction patterns were well coincided with
the powder ¥X-ray diffraction pattern (FIG. 1) of test sample No.
1, it was judged reasonable to compare the test samples each other
based on their calculated data for crystallite size of anhydrous
crystalline ascorbicacid?2-glucoside contained ineach test sample,

based on the powder ¥~ray diffractionpatterns of these test samples.

Table ©

Test sample 1 15 19
NG.

Purity of

ascorpic acid :
2~glucoside 99.9 8.6 98.9
(%)
..... Begrae =T

crystallinity

(% 100 81.¢6 88 .9
Crystallite

size (A) . ]

1,770 1,440 1,380

As found in Table &, the crystallite size of anhydrous
crystalline ascorbic acid 2-glucoside of test sample No. 1 with
a degree of crystallization of 100% for anhydrous crystalline
ascorbic acid Z2-glucoside was calculated to be 1,770 A .  The
crystallite size of anhydrous crystalline ascorbicacid 2-glucoside
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1, 380 As found in Table 6, the crystallite size of anhydrous
crystalline ascorbic acid 2-glucoside of test sanple No. |I. wth a degree
of crystallization of 100% for anhydrous crystalline ascorbic acid
2-glucoside was calculated to be 1,770 A . The crystallite size of
anhydrous crystalline ascorbic acid 2-glucoside 86 of test sanple No. 15
wth a degieeeft euystlal Nezatlisowieh 91.d6%feer canhydrous 1draestiald iafe 21 . 6%
ascorbic acid 2-glucoside was calculated to be 1,440 A In addition, the
crystal li tlershzeyodfoashydradust Idmestabbirhe cascot l@l—s;lamodlzich@‘@@m'de]&ftaCbst
sanple No. 19 with a degree of crystallization of 88.9% for anhydrous
crystal | i e dscdr i afél d Enghddbdside. wabecgryglated Leo SE el G380 W AITHES
hi gher the de ree of crystallinity of anhydrous crystalline ascorbjc acid
2- gl ucosi d&ystrd Yideges corb icr peid B Hé“éPEédBe%n‘é‘éq*aﬁH“f{’h‘i’ Ne evbyith

t hat th th t f test I th | at hj

bet vieen ¢ o AR Of CYAEaLHEFiEyoAnact RO Sty dodl PRYY BN BT e 7
Rel at hi p d d th f .
ompos 11 O SEaTEAT R kG S BUC P e 1 ek eanty ¢~ 248 4 275 b ab e
The test SanpLes Used: L) gnﬁ%&%Q%V%gféEeJI}W&t&JWg,qae'am@lrtl subebec acid

COI'TpOSI ti ons CoAtarni ng rous ne ascorbic aCI ucosi de

prepared fyom zQl qt eon% ﬁ?nm(gu ngﬁéCPPPI eamge e HC%%'cQ'ﬁm%bt ainedin g 5

through a step of CGlrase to act”on solutions contalnlng L-ascorbic
acid and @r@{}@ﬂ&o%ﬂubﬁn@}ﬁf RN @ OWeEhSHGHE preaaduciAmain ¢ ocessre t e
resulting particul ate conpositions will contain L-ascorbic acid and
D- gl ucose :asreQREOBhERANLS 1SPeekén C the t Hegpeaedust | e yerreddss: inggaedkessheof
t he amount of such concomtants. Since both L- ascorbic acid and D gl ucose
have reducididuai,ipardiizcul at e conposi ti ons contai ni ng anhydr ous
crystalline ascorbic acid 2-glucoside, varying dependi ng

Sxperiment

Relationship between the reducing power and the browning of

particulate composition containing anhydrous crystalline ascorbic

acid 2-glucoside

The test samples used in the above experiments were all
particulate compositions containing anhydrous crystalline ascorbic
acid 2-glucoside prepared from soclutions containing ascorbic acid
2—-glucoside obtained through a step of allowing CGTase to act on
solutions containing L-ascorbic acid and amylaceous substance.
When employed such production process, the resulting particulate
compositions will contain Leascorbic acid and D-glucose as
concomitants specific to the production preocess regardliess of the
amount of such concomitants. Since both Le-ascorbic acid and
D-glucose have reducibility, particulate compositions containing

anhydrous crystalline ascorbic acid 2-glucoside, varying depending
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on the anmount of L-ascorbic acid and D-glucose, may possibly cause

di sadvant ageous browning (coloration) in the final products when used in
products containi ng conpounds with an am no group, such as proteins and
amno acids. In particular, since L-ascorbic acid has 8 relatively high
reactivity with oxygen, it is speculated that L-ascorbic acid nust be a
causat i ve oof + hadugdng: RAt 1L.oaky.cupf aver abl shd ol-griatbcer i Raprpsueiisly cause
containing it but also a causative of the coloration of conventi onal

quasi - dr ugH ghade npaweens biotvhénsel(zedprahii.oh)wenetlconiiem 1 gnatdwyeobsdrared
occasionally when the conventional quasi-drug-grade powders were stored for
a rel ativelsed dng ppeduad sofconitme ning compoundsAsddridianglapino amiwp, such
experinment, test sanple Nos. 1 and 15 to 19, which had been used in the
ant ecedent sErpek iRt ®)d Revi@cerahiifed Fomaid Gidiadt 6ASKRPPLhREGRERLE R 1
total content of L-ascorbic acid and D gl ucose, L- ascorblc acid contentk
and the r&ddcithg Hotier” oY tm}bg%b‘ie%‘"bh?’ﬂﬁu?“éft% CENFESI t i'dn ‘dhdF R Lated
coloration by an accelerated, test g; heat treatnent accor

011 on ng oo oL £oid Rl ingt 4 P SR gbo At ron

f
Cap, “and. U0 VUL GO i G B boG Thh T ronch thiens AR atrba g M&“%e

pl aced 'nca"JDREY&N VB PO8A0 o &AM o MBI, Rh < 200U ENACORTRIL @drz«edlm

Masuda Cor japan, and heate or three days ubsequently,

after renQﬁkﬁQﬁﬁh§“§C%@Mﬁﬁ@&%rEr@Hh%gﬁtﬁ%ﬁ&iﬁvbﬁﬁﬂckbé@eo@&ékibhé@l? en
dei oni zed water was added to each of the tubeS to dissolve the sanples. The

resul ting g@l UbbARSHWELAaMeagIH £0-d Ff - dhss bartelicats 400ramutsimgl for a
"UV-2400PC', a product nane of a spectrophotoneter comercialized. by

Shi madzu Q@ﬁmmd@iqt d,orjcApa: i.okthe> fegimee. of col orati on caused by heating
was judged based on the following two criteria: Wen an absorbance at a
wavel engt h of 400 rifundardigsslythdm 0h56, ckpeisnputigedtes®d dwenpNotNaAsr.owngddor
substantially not browned" (-); and absorbance at a wavel ength of 400 nm
bei ng 0. 50 ortchitghewhit:Brlos éwwm4gﬂbﬂﬁélﬁé§uﬁﬂ§@§ﬁétﬂﬁ FapRELPENTS, WEere
The total content of L-ascorbic acid and 0-glucose in each test_sanple was
det er m nedﬂwmmmcti@léé@@lwuwrﬁsw Pﬁéwﬁtfﬂ he Yhea i EGUERRG fﬁo%\ml ng‘Pf}thé
whol e particulate conposition of each test sanple was geternlne
measur i ng &He! aRPUATS ‘bcfc”i“e'dl}t“:“ldﬁ’éoé: CAH PO s8f 'sh‘bfegblﬁ’dé’ﬁ PREFSon
met hod and_ant hrone- quurlc ac nethod generall¥gu%§g the art

n s

respecti vely, ”u‘ng S GrICISe 4% STHRiT Y Subs i h P hgPhe
ool O PRt ybst L1 {Jt'&%ghﬁgng@g Lodo: L hecat Cogalt—% FOLaVES) B ThE

t ot al ascorblc aci ucose t ent L-ascorb
aci d, andeﬁﬂﬁ -d&guci ng power of the whol e particulate conposition for each

sanpl e ar own in Table 7. Table 7
One hundred and fifty milligrams of each of test sample

was weighed and placed in a 10-ml test tube with a screw cap, and
the test tubes in a closed condition with the screw cap were placed
in “DRYING-OVEN SA310”, a product name of an oven commercialized
by Masuda Corp., Osaka, Japan, and heated at 80°C for three days.
Subsequently, after removing the screw caps from the test tubes,
three milliliters of deiconived water was added to each of the tubes

to dissolve the samples. The resulting sclutions were measured
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Test sanple No. 1 15 16 17 18 19 Conposit -ion (%, d.s.b. As acid 2-
il ucosi de Total content of

for absorbance at 400 nm using “UV-24CC0PC”, a product name of a
spectrophotometer commercialized by Shimadzu Corp., Kyote, Japan.
The degree of coloration caused by heating was judged based on
the following two criteria: When an absorbance at a wavelength
of 400 nm is less than 0.50, it is judged to be “Not browned or
substantially net browned” (-); and absorbance at a wavelength
of 400 nm being 0.50 or higher, “Browned” (+). The results are
in Table 7.

The total content of L-ascorbic acid and D-glucose in
each test sample was determined on HPLC described in Experiment
1-1. The reducing power of the whole particulate composition of
each test sample was determined by measuring the amounts of reducing
sugars and total sugars by Somogyi-Nelson method  and
anthrone-sulfuric acid methed generally used in the art,
respectively, using D=-glucose as a standard substance; and
caleuiating the reducing power by substituting the data into the
aforesaid Formula 3. The total content of L-ascorbic acid and
D-glucese, the content of L-ascorbic acid, and the reducing powear
of the whole particulate composition for each sampie are shown

in Table 7.
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aci dand 0-glucose (L-ascorbic acid) Ohers 99.9 98.6 (0.1) L-ascorbic 99.1
(<0.1)

Table 7

Test sample No. 1 15 16 17 18 18
Ascorbic
acid 2- . ; c -
glucoside 99.8 | 98.6 WW%Q.l 99.5 99.7 98:9

. Total
Composit | content of

L-ascorbic | o 4 0.2 0.1 0. ] <0.1 0.3

~ion (%), {acid  and | PP
D-glucose (0.0) | (0.1) 5 (=0.1) (<. 1) (0.0) | (G.2)
d.s.b. {L~agcor-

bic acid)

Reducing power of
the whole particulate| 0.05 | 0.98 0.86 G.20 0.12 1.12

composition (%)

Browning properly - - - ™ - +

As shown in Table 7, in particulate compositions
containing anhydrous crystalline ascorbic acid Z-glucoside, the
contents of L-ascorbic acid and D-glucese in test sample No. 1,
a reagent grade powder substantially consisting of anhydrous
crystalline ascorbic acid 2-glucoside were all as low as lower
than their detection limits. On the contrary, L-ascorbic acid
and/or D-glucose weare detected in any of test sample Nos. 12 to
18 as the particulate compositions containing anhydreous crystalline
ascorbic acid 2-glucoside of the present invention, and test sample
No. 18, a conventional quasi-drug-grade powder. In such powders,
as evident from test sample Nos. 15 to 18, these with a total content
of L~ascorbic acid and D-glucose of not higher than 0.2%, d.s.b.,
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0.8 99.5 99.7 (0.0) 98.9 (0.2) 0.8

were judged to be “Not browned or substantially not browned” (-);
while as evident from test sample No. 19, that with a total content
of L-ascorbic acid and D-glucose reaching 0.3%, d.s.b., was judged
to be “Browned” (+)., As for L-ascorbic acild which i3 considered
to be more strongly related to the coloration of powders, as evident
from test sample Nos. 15 to 18, when the total content of L-ascorbic
acid and D-glucose iz 0.2% or lower, d.s.b., they were judged to
pe “Not browned or substantially not browned” (-); while as evident
from test sample No. 192, when the total content of L-ascorbic acid
and D-glucose reaching 0.3%, d.s.b., it was judged to be “Browned”
(+). For reference, as already mentioned, since L-ascorbic acid
has a relatively high reactivity wilth oxygen and relates to the
coloration of particulate compesitions containing anhydrous
crystalline ascorbic acid 2-glucoside, those with an L-ascorbic
acidcontent of not higher than0.1%, d.s.b., are beyond apprehension
of causing coloration even when stored for a relatively leng period
of time in the product formof conventional quasi-drug-grade powders.

From the viewpoint of the reducing power, as evidenl
from test sample Nos. 15 to 18, those with a reducing power of
the whole particulate compositicn being Jless than cne percent were
judged to be “Not browned or substantially not browned” (-). On
the contrary, as evident from test sample No. 19, test samples
with a reducing power of the whole particulate composition being
over one percent were judged to be “Browned” (+). 7These results
were wall coincident with the above results obtained by judgement

with an index of the tetal content of L-ascorbic acid and D-~glucose.
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(0. 0)

(<0. 1) 0.1

The above results indicate that particulate compositions
containing anhydrous crystalline ascorbkic acid Z~glucogide free
of fear of causing coloration can be obtained by controlling theilr
reducing powers of their whole particulate compositiens Lo a level
of less than one percent even though they idnevitably contain
L-ascorbic acid and/or D-glucose in a detectable level due to their
production processzes. Considering both the aspects of the
coloration of not only the final products prepared with particulate
compesitions but also of the particulate compositions per se, the
above results show that the content of L-ascorbicacid inparticulate
compositions should preferably be 0.1%, d.s.b., or lower.

The following examples explain the present invention
inmore detail, but the present invention should never be restricted
thereby.

Example 1

Preparation of crude CGTase solution

Geohacillus stearothermophilus Tc=-62 strain (FERM
BP-11143, a deposit number in National Institute of Rioscience and
Human-Technology Agency of Industrial Science and Technology) was
cultured with “NUTRIENT  AGARY, a slant culture medium,
commercialized by Difco Laboratories, Inc., at 50°C for two days.
One loop of the cultured cells, collected from the slant culture
medium, was inoculated to a seed ligquid medium, containing 2% of
scluble starch, 0.5% of ammonium chloride, 0.05% of potassium
nydrogen phosphate, 0.025% of magnesium sulfate, and 0.5% of calcium

carbonate, cultured at 50°C for three days with shaking. The
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1.2 0.4 0.3 Reducing power of the whole particulate conposition(% 0.05

resulting seed culture was inoculated to a main culture medium
having the same composition as the seed culture medium except for
replacing the soluble starch with dextrin, and further cultured
at %0°C for three days with shaking. The cells were removed from
the resulting culture by centrifugation, and the resulting
supernatant was concentrated with a UF-membrane up to give a volume
of about 1/18 thereof to obtain a crude CGTase solution.

Preparation of particulate composition containing anhydrous

crystalline ascorbic acid 2-gluceside

Four parts by weight of liquefied potato starch was
dissolved in 20 parts by welght of water by heating, and the sclution
was adnixed with three parts by weight of L-ascorbicacidand adjusted
to pH 5.5 for use as a substrate solution. The substrate solution
was admixed with the above crude CGTase enzyme solution in an amount
of 100 units/g solid of the ligquefied potato starch and iscamylase
produced by Hayashibara Co., Ltd., Okayama, Japan, in an amount
of 250units/gselidof the liquefiedpotatostarch, andenzymatically
reacted at 55°C for 40 hours to form, along with ascorbic acid
2-glucoside, a-glycosyl-L-~ascorbic acids such as
2-O-g-maltosyl-L-ascorbic acid, 2=0-o- maltotriosyl-L-ascorbic
acid, and 2-0O-o=maltotetraosyl-lL-ascorbic acid.

After inactivating the enzyme by heating, the solution
was adjusted to pH 4.5, admixed with “GLUCZYME A¥F6”, a product
name of a glucoamylase specimen (6,000 units/g), commercialized
by Amanc Enzyme, Inc., Aichi, Japan, in an amount of 50 units/g

solid of the liquefied potato starch, and reacted at 55°C for 24
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0.98 0.86 0.20 0.12 1.12 Browning property

hours to degrade a-glycosyl-l-ascorbic acids into ascorbic acid
2-glucoside and to degrade the concomitant saccharides into
D=glucose. The production yield of ascorbic acid 2-glucoside in
Lhe reactionsolutionwas abeut 39% . The reactionsolutionceontained
5-0-c—glucesyl-L-ascorbic acid and 6-0-a~glucosyl-L-agcorbic acid
in a total content of about 0.1%, d.s.b.

After inactivating the enzyme by heating, the soluticn
was decolored and filtered with an activated charcoal, and the
filtratewas desaltedwith a cation-exchange resin (H'-form). Then,
L—ascorbic acid and ascorbic acid Z-gluceside in the desalted
solution were allowed Lo adsorkh onto a&an anion-exchange resin
(OR"-form), washed with water to remove D-glucose, and eluted with
0.5 N hydrochloric acid soluticon. The eluate was concentrated
to give a solid content cencentration of avout 50% and subjected
to a simulated-moving~bed column chromatography using 10 columns
packed with “DIAION UBK5507 (Na'-form), a product name of a
strong-acid caticon-exchange resin commercialized by Mitsubishil
Chemical Corp., Tokyo, Japan. The ¢luate, which had been
congentrated to give a solid content concentration of about 0%,
was fed to the column in an amount of about 1/40-fold volume of
the wet resin volume, and fed with an eluent in an amount of about
1b=Tfoldvoiumes of the volume fed to elute ascorbic acid 2-glucoside,
followed by collecting a fraction rich in ascorbic acid 2«glucoside
butpoorinl-ascorbicacid. Thefractioncontained?2Z.2%ofascorbic
acid Z2-glucoside, d.s.b.

After the fraction was concentrated under a reduced
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As shown in Table 7in particul ate conpositions containing anhydrous
crystalline ascorbic acid 2-glucoside, the contents of L-ascorbic acid and
O-glucose in test sanple No. 1, a reagent grade powder substantially

consi sting of anhydrous crystalline ascorbic acid 2-glucoside were all as
| ow as Iomer than their detection [imts. On the contrary, L-ascorbic acid
and/ or 0- glrdeeseWehe cdghesbedri Nn28nyontat eshit6aANPh eciNosas 12hdw [ asd tie
particul ate conpositions containing anhydrous crystalline ascorbic acid

2- gl ucosi de cofystrhe 1aresenind ranibiean wiand TR0 TP |AE No. 2 -T8,UGSIDE 9997
conventional quasi-drug-grade powder. In such powders, as evident fromtest
sanpl e Nos.colf: No.r8AGIHdseawptihiayt of abscoontemcvt 1=akeerdlde aef i andf
0-gl ucose of not higher than 0.2% d. s .b., were judged to be "Not

br owned omwshbsbaﬁﬁb&h@VQﬂnL%ﬁ@ﬁﬁe@f-{pny&ﬁPﬂét&sL@WPﬁéh%]PP&%W%%%“I“Q

sanple No. 19, that with a total content
anhydrous crystalline ascorbic acid Z-glucoside, commercialized

as an analytical standard reagent by Hayashibara Biochemical
Laboratories, Inc., Okayama, Japan, as a seed, in an amount of
two percent of the solid contents. Then, the mixture selution
was adjusted to 40°C and gradually cooled to 15°C over two days
under gentle stirring conditions to crystallize ascorbic acid
2~glucoside to formanhydrous crystallineascorbicacid2-glucoside.

The crystals were collected by a basket-type centrifuge,
washed by spraying a small amount of cold refined watexr, aged and
dried at 3B°C for three hours, cooled by blowing 25°C air for 45
min, and pulverized to obtain a particulate composition containing
anhydrous crystalline ascorbic acid Z-glucoside, which had a purity
of 99.5% of ascorbic acid 2-gluceoside, a total content of 0.1%
of L-ascorbic acid and D-glucose, a content of less than 0.1% of
L-ascorbic acid, a degree of crystallinity of 97.0% for anhydrous
crystalline ascorbic acid 2-gliucoside, and a total reducing power
of the whole particulate composition being 0.25%. The dynamic
vapor sorption level of the particulate composition was lower than
detection limit. When measured for particle distribution, the
particulate composition contained particles with a particle size
of less than 150 um in an amount of 91.2% and those with a particle

size of 53 um or more but less than 150 pm in an amount of 50.2%.
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of L-ascorbic acid and 0-glucose reaching 0.3% d.s.b., was judged to be
"Browned" (+). As for L-ascorbic acid which is considered to be nore
strongly related to the coloration of powders, as evident fromtest sanple
Nos. 15 to 18, when the total content of L-ascorbic acid and 0-glucose is
0.2%or lower, d.s.b., they were judged to be "Not browned or substantially
not browneghiax -gubwtideel as eviedentef somaesicsatpherdor k8 bakem irfe tieatral
content of L-ascorbic acid and 0-glucose reaching 0.3% d.s.b., it was
j udged toabe irBr awpedimgr)s Fbrir efret efige, raspatt tadyy nertliconpd rtdicnda te
0-ascorbic acid o .
composition was Judged to be “Not solidified” (-) in the
solidification test and “Not browned or substantially not browned”
{-) in the browning test.

The particulate composition is easily handlieable because
it hardly solidifies and has a lesser colorabllity as compared
to “AARGY, a product name of a conventional guasi-drug-grade powder
commarcialized by Hayashibara BRiocchemical Laboratories, Inc.,
Okayama, Japan, commercialized conventionally as a skin-whitening
ingredient in a grade for use in guasi-drugs, etc. Since the
particulate composition does not differ from conventional
guasi-drug~grade powders in that it is a particulate composition
containing anhydrous crystalline ascorbic acid Z-glucoside,
similarly as in the above conventional powders, it can be used
aloneor incombinationwithother ingredients as apowderousmaterial
for food products, cosmetics, quasi-drugs, pharmaceuticals, etc.

Since it has an Leascorbic acid content of 0.1% or lower, there
iz no fear of causing coleoration in the particulate composition
per se even when the composition is stored for a relatively long
period of time in the same product form as conventional
quasi-drug~grade powders.

Preparation of crude CGTase solution

A crude CGTase solution was prepared similarly as in

Example 1 except for using Geobacillus stearothermophilus To-27
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has a relatively high reactivity with oxygen and relates to the coloration
of particul ate conpositions containing anhydrous crystalline ascorbic acid
2-glucoside, those with an L-ascorbic acid content of not higher than 0.1%
d.s.b., are beyond apprehensi on of causing coloration even when stored for
a relatively long period of tine in the product form of conventional

quasi - dr ug: g5 ade ( powder s- 1 F1om t hedypewpoi mimipf r tihe Naaducialg Ipewsrutas of
evident fromtest sanple Nos. 15 to 18, those with a reduci ng power of the
whol e par Bicsit at:ece ampd sHitran-being: less Adwamyond Pgercberitr iwdr §cience and

Technology) inplace of Geobacillus stearothermophilus Te=-62 strain.

Preparation of particulate composition containing anhydrous

crystalline ascorbic acid 2-glucoside

Five parts by weight of corn starch was added to 15 parts
by weight of water and then dissolved therein by heating after
the addition of a commercialized liguefying enzyme. The resulting
solution was admixed with three parts by weight of L-ascorbic acid
and adjusted LtopH 5.5 to give a substrate selution. Tothe substrate
solution was added the above crude CGTase solution and iscamylase
produced by Bayashibara Biochemical laboratories, Inc., Qkayama,
Japan, in respective amounts of 100 units and 1,000 units/g solid
of the corn starch, followed by an enzymatic reaction at 55°C for
50 hours to form ascoerbic acid Z-glucoside and other
a~glycosyl-L-ascorbic acids.

After inactivating the enzyme by heating, the reaction
solution was adiusted to pH 4.5, admixed with “GLUCOZYME #200007,
a product name of a gluceoamylase specimen with an activity of 20,000
units/g, commercialized by Nagase ChemteX Corp., Osaka, Japan)
in an amount of 50 units/g solid of the corn starch, and reacted
at 55°C for 24 hours to degrade a=glycosyl-lL-ascorbic aclds such
as 2-O~a-maltosyl-L-ascorbic acid, 2-0O-a-maltotriosyl-l-ascorbic
acid, and 2-O-o-maltotetraosyl-L-ascorbic into ascorbic acid
2-glucoside; and to degrade the concomitant saccharides into

D-~glucose. The resulting reaction solution contained ascorbic
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judged to be "Not. browned O substantially not browned" (-). On the
contrary, as evident fromtest sanple No. 19, test sanples with a reducing
power of the whole particul ate conposition being over one percent were
judged to be "Browned" (+). These results were well coincident with the
above results obtained by judgenment with an index of the total content of

Lr-ascorbkgiackdgando8igkuense. production yieldlbgab@ontr esul.t saledi, cate:
that particul ate conpositions containing anhydrous crystalline ascorbic
acid 2-gl veestdenfreelaf ibaar @aintcaiusid ngsedtoral tonsghnlbesobthined aloyi d
controlling their reducing powers of their whole particul ate conpositions
to a | eveb~0fatgdscohah-bnesperbent agidnitnheughtahepmonadi Ldbkypositntlaids -
L-ascorbic acid and/or D-glucose in a detectable |evel due to their |
producti on processedftesnsndetivatboshtbaemspeetay dfeathie boldratices [dfomot
only the finpal products prepared with particul ate conpositions but al so of
the parti 8al-aE&OBONPESFEFBASTREr 288, TihEC4BEYH Es @Mt & CSAGR " ERat P& s -
content of, 1-ascorbic acid in particulate conpositions should preferably be
0.1% d. 5. B8 ohl g vas dedabPod wpe e cp EiPRg cEcBRROES 6k pT al h CHrd )

e

5

T el AEREL QRS BB Sl 8bhanBY' s PIAPERLrh]VER Al AN WL DAY P

restricte het by’
acid and ascorbic acid 2-glucoside thereupon, followed by washing
the anion-exchange resin with water to remove D-glucose and feeding
0.5 N hydrochleric acid solution to the resin for elution. The
eluate was fed to column chromatography using “TOYOPEARIL HW-407,
a product name of a porous resin of Tosoh Corp., Tokyo, Japan,
to collect a fraction rich in ascorbic acid 2-glucoside but poor
inL=ascorbicacid. Thecollected fractioncontainedi92.5%, d.s.b.,
of ascorbic acid 2-glucoside.

The fraction was concentrated in a reduced pressure into
an about 76% concentrate, which was then placed in a crystallizer
and admixed with the particulate composition contalning anhydrous
crystalline ascorbic acid 2-glucoside prepared in Example 1, as
aseed, inanamount of two percent of the solidcontents. Thereafter,
the resulting mixture was heated to 40°C and then gradually ccoled
to 15°C cover two days with gentle stirring to crystallize ascorbic
acid 2-glucoside toc form anhydrous crystalline ascorblc acid
2-glucoside.

The crystals were collected by using a basket-type
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Exanple 1 Preparation of crude CGlase sol ution Geobaci | | os
st ear ot her nophi l us Tc-62 strain (FERN BP-11143, a deposit nunber in
National Institute of Sioscience and Human- Technol ogy Agency of Industrial
Sci ence and Technol ogy) was cultured with "NUTRI ENT AGAR', a slant culture
medi um comercialized by D fco Laboratories, Inc., at 50C for two days.
One loop afjctihg sHhtyeedngelhs, reohl eshedat romia heslairghicuddurs rediluimg
was inoculated to a seed [iquid nmedium containing 2% of sol uble starch,
0.5% of amyomilumich) az% Ue, ar05%wrofi pohassiemitngdr ogenl phos phatd ., 028% of
magnesi um sul fate, and 0.5% of cal cium carbonate, cultured at 50C for three
days wi t hpshakiraginghehe cesulad pgodeet colabirnd rmask # Hotel b ed TR Frdi P
cul ture nedi um having the sane conposition as the seed cul ture nedi um
except forcopsphladinmganhedsenabtey stk B aaSe e PR Candd FUFPRere cultifd
at 50C for three days with shaking. The cel !5 Jere reno ed_f[op ]tHh_g_ tent
resul ti nghédl @ e gy én??i Thpdt PSROTRAG FHe resli 9%y Spér hat antC Wb
concentrated_with UF-mepbrane up to give a vol  of about 1/ t her eof
to obtain® dfddet agg‘fgg‘i’gtf'f)‘?lgc‘ﬁ’Fnga‘?%ﬁjo‘?f“gﬁ %%‘rl éi?tééjm a%e&%?)tﬁ%%éi T on
cont ai ni ng _anhydr ou cry | 1.7} orphi.c, acj - Si 2T T 4 -
Four partg'eﬁ')? \X;vg’idéjht% ‘aF Ioﬁéﬁéﬁ“’e%g)rg’ﬁjt%ata? J’g:}’ardcﬁjc %%ﬁgs&%’esdt%lﬁlJZ%JJb}ér?fé

by wei ght of ,water. b ’ L LDes 50 Hbiapywas 29 xed; Mddk Ty eeang
parts by \i?gi'éqﬁ‘t "ot L‘%/rggg%%%l'c ac % andladj usted to paH 5.5 for use as a

substrat e ;SeLYL0RagThen;SUBSLF Al 3R] UhiaR pastadmlxed whkposheishoveing
crude CGTase enzyne solufion in an anount of 100 units/g solid of the

li quefiedopatsato sharghrandui seamibagesptoduceddby dayasht baspoosorpttdn,
Okayama, Japan, in an anount of 250 units /g solid of the |liquefied potato
starch, angwenzymalbeall yhaeatsies-atob3Gniidr. 4Gcheunrsntotf ofn:hal phgt i
ascorbic acid 2-glucoside, a-glycosyl-L-ascorbic acids such as .
2- 0- a- mal tasydribwesicor bbé  adied, p2r0i awlaadt coriresyiltiorgsterbe dedceitdiatangt
2-0-a-nui totetraosyl -L-ascorbic acid. _ Tfteri nactivasting the
enzyne by dvedtdingd tiersiot et onl WaspadfustedstgepHod 1ess ddiketP @i R 10
" GLUCZYME AF6", a product nane of a glucoanylase specinen (6,000 units/g% :
conmer ci aldrz ey tArding SERZy ARG Fhese wERiPaTapake 3¢ eh Hio P T5HC L
units/g sqlld of the liavelied potato stansh.anghreactehal 236180840
the same solidification test and browning test as in Experiments
1-4 and 7, respectively, the particulate composition was judged
to be “Not solidified” (~) in the solidification test and “Not
browned or substantially not browned” (-) in the browning test.
The particulate composition is easily handleable because
it hardly solidifies and has a lesser colorability as compared
to conventional “AA2ZGY, a product name of a particulate composition
containing anhydrous crystalline ascorbic acid 2=gluccside
commercialized by Hayashibara Biochemical Laboratories, Inc.,

Okayama, Japan, ina grade for use in gquasi-drugs as a skin-whitening

ingredient, etc. Since the particulate composition deoes not differ
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hours to degrade a-gl ycosyl-L-ascorbic acids into ascorbic acid 2-glucoside
and to degrade the concom tant saccharides into D-glucose. The production
yi el d of ascorbic acid 2-glucoside in the reaction solution was about 39%
The reaction solution contained 5-0-d-glucosyl-L-ascorbic acid and

6- 0- a- gl ucosyl -L-ascorbic acid in a total content of about 0.1% d.s.Db.
Af t er i nactbmatddgydiel engy meydasiheatigigrddhe soldeiran ivas tdedol arediand
filtered with an activated charcoal, and the filtrate was desalted with a
cati on- exphahgeulesincgiibe § Dt gn .cofften,nIhg asbyribbe sact vis andll ase erayiarkaict d
2-glucoside in the desalted solution were allowed to adsorb onto an

ani on- exchande? resieog dder -iftoray be wesited Lanehe hatreFonbipakdea 1itlylalduse,
and eluted with 0.5 N hydrochloric acid solution. The el uyate was

concent r at-BATEEI§NEE &5 & HIALE Iddit B9 LOBRIIMTIFT DNCBPREhoGE - SOR NI ugs,
subj ect ed ho a S|nulat§d nmovi ng- bed _col um cProgg{ograg % 95|ng 10 col ums
packed wi P ar@%ﬁ@i«@éw@sdﬂf(mﬁ]fwﬁfiy & VEEHBYBFR “ACERP ST

I d bi ’om ’
Japan.  Thoobhog: B O ok e BorCEHPAidd £ Bi Ve 4L RO 4 LoMARrt

concent ratjcon gt 8oyt 30% sl qd L the COlUL L AP AU O, 2h0Uine

1/ 40-fol d Vol une of the wét-resin Vol ume, “an ent 1 n an

amount  of %QQ"]‘EuJ}%‘rfPO!"QmﬁQIaVm?én%ef' he &9LH%$@%H@C@EW@%J%§%@Jplacatac?iéjd
2- gluc05|g f'ol'T'owed by coll'ecti'ng a fraction rich in ascorbic acid

2- gl ucosi g ybut r@@amw@tlya%%bh@ra@udmThem&r@ﬁtLl@@ SONE ab Negu 2. R90efas
ascorbic acid 2-glucoside, d. s.b. After the fraction was concentrated
under a re@u@@@u@&@&sq&@gmm@mgaﬁmﬂ pi2fsegoncentrate, whi ch was then
placed in a crystallizer and adm xed mnth "ASCORBI C ACI D 2- GLUCCSI DE 999"
(code No. ExA@p24, 3a purity of ascorbic acid 2-glucoside of 99.9% or

hi gher), a product nane of a particul ate conposition containing anhydrous
crystal |l i Feegsearthion adi €2agleucodiadg, commerci al i zed as an anal yti cal
standard reagent by Hayashi bara Bi ochemi cal. Laboratories, Inc., Ckayans,
Japan, as a seed, i@henCaPeast o8f Ceabapér éuft SbRarABISSNPRNE dHE AKBOW TR,
the m xture solutlon was adj usted.to 40C and @raduall y cqal.ed t.o 15C ovgr

two days dider! ?g@ht%@%ﬁ?rlﬁfﬁf@weﬁﬁévﬁ dris RE°EHYSE alt afélaféé&r%f’& actd

2- gl d tq f I

The o1 ot s A BoBa Ot ba By S5 B i ol B L0t £ 1§ i e EHEA Y SsmP )P ng
|1 f t 50

hours, codad s%qa‘é&ﬁenféé?%.lﬂﬁ?f 3 nB9%E AN Slﬁ&%hfﬁ?% R MR

par ticul a&% ?q%rm%ﬁ't'?ﬂc%?ék é"r; r%gb A)qo acﬁwéto% 'L%ega%%ow &‘Lé%ﬂmo

2- gl ucosi whi ch "had a ascorbic acid 2-glucoside,

total, contani Of,Q, @oﬁmpr a@&HEQk@LQCngQBﬂaD‘ww Y80S fhd %&qm@@&o@mgas
than 0. 1@6of L- ag%orblc acid, a degree of crystalllnlty of 97.0% f

anhydr ous (& sddldrd NE ASLHF bi g 86kd c27ghde0si 18 s iamit A trotal uﬁ@d@caxﬂgm@@er
of the whol e particul ate conposition being 0.25% The dynamni c vapor
sorption lmemallyof The pakiriculsatrecaeosift tihe wasotlawerof hamT det elch i oneen
limt. When measured for particle distribution, the particulate conposition
cont ai ned slarddcbl detwirinthinadpay ti-clagy srgetollbessphharribly phs iamdane agaliat
of 91.2% and those with a particle size of 53 pmor nore but |ess than 150
pmin an dmoumvef £50r2%omaiWien BubBectiednd Phassaneowol iLdi Filéat i on(sest
and browning test as in Experinments 1-4 and 7, respectively, the
partlcuIaf@ﬂﬁﬁﬁpmﬁwiQﬁﬁvk@uTK@H&KW@@ﬁ%@PkﬂbPFSO$5653t5@dﬂﬁ)“ﬁﬂfﬂﬂéi7f1f

solidification test and "Not browned or subs%éntlally not, br owned"

the brownifnd‘t &st-. Tokyo, Japan fxe3gdrti cd Fé(ﬁﬂﬁﬂ%ﬂH%Qnﬂ?%u%%s? the
handleable ecause |t, rdly soli dlfle a esser coIoraqé#
Conmpar ad (5 0 - o PrOAEE AR OF L8 cORATY aRaT SOASATAP éh% 3,
powder come Lmzed by, Hayashi,b ochem ca o] r n

Ckayana, fHB%§§ onﬁ%?%¥5 rtz8g* oﬁ@gﬁgboﬁglpbg gmkggk%§§§h%?§Hthg SEQ D
ingredient in a grade for use in quasi-drugs, etc. Since the particulate
conposi tion does not differ from conventiignal quasi-drug-grade powders in
that it is a particulate conmposition containing anhydrous crystal 1 Inc
ascorbic acid 2-glucoside, simlarly as in the above conventi onal powders,
it can be used alone or in conbination with other ingredients as a

powderous material for food products, cosnetics, quasi-drugs,
phar maceuti cal s, etc.




Since it has an L-ascorbic acid content of 0.1%or |lower, there is no fear
of causing coloration in the particul ate conposition per se even when the
conposition is stored for a relatively long period of tine in the sane
product form as conventional quasi-drug-grade powders. Exanple 2
Preparation of crude CGTase sol ution A crude CGrlase sol ution
was preparned Simdmr | ydastindxampke I rexgepty o-0oudiing vCEoaciHduth ook,
st ear ot her nophi l us To-27 strain (FERN BP-111/12, a deposit number in
Nat i onal ppst b6uBd, oflcBiaosdtize rice. cantd. fHueih - TechBrol ogykpgendppehn |{Adustri.al
Sci ence and Technol ogy) in place of Geobac i 7 7 us s i: ea rothermaphi 1
us Tc-62 §ifai f.1Pre sghsnzaticod iotrgar pifctibater towpo st 1wk Ve itlai G g e -
anhydrous crystalljne ascorbic acid 2-gl ucoside Five parts by
wei ght of Borim&ieredh wastaddes €8 4se it 9HhGhergnecte Wattéte dvd thed
di ssolved therein by heating after the addition of a comercialized,
| i quef yi ngTEREZGHESSThE Feuare ﬁ‘@%sﬁ&ﬁ-m MGt WS AT Y & pEr'ts by

ight of 11 - hig acid and. adj ust ed 5.5, gj v
S0l it on. 2T80FRACatindr atal eBPLHTEN TAE Whibt R antuRl il G Ve

sol ution ggqahgganylase produced by Hayashi bara Bi ochem cal Laboratories,
I nc., Okayamm, Japan, in respective amounts of 100 units and 1,000 units/g

solid of the corn stapchgri okl wed 3y 8BLERZYTRE! &1 &£86EhORnEbL DDk f10F- S0
hours to form ascorbic acid 2-glucoside and ot her a-gl ycosyl-L-ascorbic

acids.  gtrain (cébbehitbRaghbivat kRg theceRZyme inkeatdmyrhe reant | o
solution was adjusted to pH 4.5, adm xed with "G.OCQZYME #20000", a product

name of aughueoamyhaserspeel R cMdulrcan cAdiindg diy tafor2(, (lpamit saddgr the
commerci ali zed by Nagase ChenteX Corp., Osaka, Japan) in an anmount of 50
uni t s/ g sekizésefichhexrdosn ot BRRN ABmd 2dact ed rate 156C fogra 2Baheuk L t@ani sm
degrade a-glycosyl-L-ascorbic acids such as 2-0Oa-nmaltosyl.-L-ascorbic
aci d, 2-0Dlapwalitetyi ogyNakiavedr Binstadivde arfd Advanced Industrial Science
2-O-a-maltotetraosyl -L-ascorbic into ascorbic acid 2-glucoside; and to
degr ade tH@dcbﬁébﬁpﬂﬁﬁv)Sdﬁ%h%?@ﬁ@@dibﬁ(ihﬁ-@Wﬁ@@@é.lWH@“F@§ﬁPtW%©IV%%%¥¢%n
sol ution contained ascorhic . , , L
by inducing ordeleting cleavage sites of restrictionenzymes without
altering the amino acid sequence of the CGTase and recombined with
a plasmid vector to make into a recombinant DNA containing the
gene encoding thewild-typeCGTase. Thestructureof the recombinant
DNA, “pRSET-iBTCl2”, was shown in FIG. 7. Gene fragments (Nde
I-EcoT22I fragments), contalning a region enceding active site
of the wild-type CGTase in the above recombinant DNA, were obltained
by digesting the recombinant DNA, and randomly mutating the
resultants in vitrousing “GeneMorph PCR Mutagenesis Kit” (a product
name of a PCR mutation kit commercialized by Stratagene Company) .
The mutated fragments were inserted into the original recombinant

DNA to prepare gene mixtures, which encode CGTase variants with

various amino acid replacements. Recombinant DNAs were obtained
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acid 2-glucoside in a production yield of about 37% Al so, the reaction

sol ution contai ned 5-0-a-glucosyl -L-ascorbic acid 6-0-a-glucosyl-L-ascorbic
acid in a total amount of about 0.2% After inactivating the
enzynme by heating, the reaction solution was decolored and filtered with an
activated charcoal. The filtrate was desalted with a cation-exchange resin
(1- 1+-f or By, r &b £l A @ t@R Ak O EXCHANgR i EBSM ekBReskoom pl os@ds ardetor .
L-ascorbic acid and ascorbic acid 2-glucoside thereupon, followed by
washi ng t hgiahi aheexeltangd naesi MM h wat efoto cebbyvewBbrgl tcose fanthefdedd: ng
0.5 N hydrochloric acid solution to the resin for elution. The eluate was
fed to cobbﬁﬁi@hﬁomam@gﬂabm@rusbﬁgthFOﬂGWEﬁRLVH%ﬁ&@“ﬁ-a product nanme of a
porous resin of Tosoh Corp., Tokyo, japan, to collect a fraction rich in
ascorbic acid 2-gl ubssirdes3 b@@Dpfe)lel?aiﬂhJ |22 $EFPHITO TAGNY S “Tﬁéﬁcb?@%é‘t‘é‘él from
fraction contained 8 9 . 5% of ascorbic acid 2-gl.ucoside

The fracti*Of WAB®cHHREMTY ATsH ‘*“r]r Léﬂll‘“éidh%?e‘ﬁptp?%%é?ﬁ]é ﬁfnlad)ld i[]r B‘Bo‘ﬁtﬂi Saogere

wh
par 1 oul AP BBRSOet T G ONE APRPAT ShRYBFOS By STar T | N BEEOP RO M S

2- 9l d d )
of St ho_sol THECoRReRy SATEIPErd pRTREBNRY T oTR W e S PRLEGE

and then gradualiy cpol, §QOI§BL%5:H:B¥ Edtﬁﬂ\QJ];g‘?X? 'Wért}*kg%'%{lr%l%t'drl.ri:'sn@otj%rm

crystalllze ascorbic acrd ucosi de to form anhydrous crystalline

ascorbi ¢ gacid y%ogslwawad;%mmc acids, ThEUEYStalise Waiierfold actady by tish ng
a basket - type centrifuge, washed by spraying a small amount of distilled

wat er, geiuRe zand ey it BOfbhe 485yt antacdild 35G 1@k saidght RQOUESMREDOhL NghdY
blomjng 250. air for 15 mn to tha resultant product, and pul veri zing the
cool ed pr edueh:dtd cobtyakhda phrd+slyatey coposdd ron: cantdd niid ahbydodushe
crystalline ascorbic acid 2-glucoside, which hada purity of 99. 2% of

ascor bi ¢ adildi-2ygleut®ti se, taanetalmeotterpaile of Prdiutinal 9561 alscameo bl
acid and 0-glucose, a content of |less than 0.1% of L-ascorbic acid, a
degree of heryigical highey SrOSMCAHGY aphy@Eees ity sialdi RecdscosBile dee ke
2-glucoside, and a total reducing power of the whole partjculate
conp03|t|6%“E§VW610 E39sCHEn byt eufgEere8npEAPET BRTAAE BayyRdnt co$aport

sorption |evel of r..Lhan detection | asyr enent of the artlcle
G SEri but i G A art e E?flga&‘g—nﬁéé‘i phbhiPedea LHS (RATLET LR Mo
particles w rticle sizes of less th 50 pm.in a unt. .of .83, 26 gnd
Phose wit st FEr e ErSudhy 988° s are o PR st "PRLs AR agt Y Fd &3{33
amount of 57. 1% su d ol d (o F

br owni ng 921 ;?K¥?%E¥pe? Q?%F %Qﬁhand nﬁf%éﬁg%t gﬁ;fPHﬁhﬁigF??c%ﬁ%tén
conposi ti dged, . i e solidification
test and qﬁ%mqbf%§hesﬂ%%ﬂéu §%€§ﬁlé§ 1fg%6%q%?dam%%%ﬂ%&? in the browning
test. The, Partheebah@neompreht hoRy i th&ashlyohand eabl enbsgange
it hardly solidifies and has a | esser colorability as conpared to

conventi ondle ab®REGTasprAdushs nea® Afl fuRpal tiaH ataeceomposbhicaining 100
cont ai ni ng anhydrous crystalline ascorbic acid 2-glucoside comrercialized

by Hayashijfiatel Bifochenieakrdhdrdtior i(eenthiaingOkayamaf BapansTippacgy ade

for use it quasi-drugs as a skin-whitening ingredient, etc. Since the

parti cul ate ccorfposid-i v doedmotcdi fFenl of glycerol, 17 mM monopotassium
phosphate, and 72 mM dipotassium phosphate per L of the medium)
at 37°C for 24 hours under an aerobic condition., The cells collected

from the culture by centrifugation were disrupted by “ULTRA 50NIC

HOMOGENIZER UH-600 (an uvltrasonic disruptor produced by SMT Co.,
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from conventional quasi-drug-grade powders in that it is a particul ate
conposi tion containing anhydrous crystalline ascorbic acid 2-glucoside, it
can be used alone or in conmbination with other ingredients as a nmateri al
for food products, cosnetics, quasi-drugs, pharmaceuticals, etc.,

sim | ariyasthe above conventional powders. Since the particulate

conposi ti gadhas amdltascenbikenachdrcontentctc. 3Yooeat buerat téete s no
fear of causing coloration in the particul ate conpositionparseeven when the
conposi ti anln st onedtiorta wel atdanedlyrd onige perneteoaf: ~triese sita nitthep sanei 113
product form as conventional quasi-drug-grade powders. Exanple 3

Pr epar at i dmhafr c@@aseheabpantcells. The heatFHer GOTxbeupt rGebpatmalsusurther
st ear ot her nophi | us (known as Bacillus stearothernophilus in previous

cl assi fi cawiren) ool totpaepe Was BRohédlilysPgehel ad PRI MM RedLhes- Rt B e
CGlase's am no acid sequence (SEQ ID NGO 1) based on the nucl eotide
sequence (MSEGM'D NO 2). The mature CGTase has been known to have in its

ami no aci d, sequence four_ conserved regi ons_whi ﬁhhad been. recogni zed to .
omonty. GAEEAGHL Gy RE S PIeaE B eaOT RS ERe o S FRLATE ISt Bus

steric stru re Ofnt hesc)rrqtj_eé r!‘_%f%fd %@_Taqg 2@§E§>een al ready determ ned by

ICt Y
X-ray cr yéwfé’flﬂi-r AR have four domains, A B, C

and 0 as shown in FIG., | i - vo- Teshj - KosQ-=-Ban 0K m -63,
Kodansha Scientific [%%5 P%fi%% % k)%%?gglgpg(g P%gg)o) :gﬁ‘lg'ﬁr@ge\q%gt Lg?@%?gdg‘r;gﬁgs
of the CGRase,r.cyy2¢at BASPAE L ACidhd 9227) aidad1hautanieiachd KELBSg
and 324t h aspartic acid (D324) of the am no acid sequence SEQ ID NO 1 were
i dentifi edf1s6e rHEOGWRH¥Quhoushit sumkese: Mandbaokt ar pp- 1 5Gu6By i Kgdanahas .
Scientific K K. Ed., Tokyo, Japan (1999)). FIG 6 is a schematic di agram of
t he primaryrst suctiuienofs CGlaseceBwithduairng @anusdaty oreightt bé DNAsobrbic
CGTase gene by the follow ng procedures, a CGlase nmutant, which has a

hi gher pr aduict i ad yadjuasedr bocpicitd 524l uciosi de shast thae abluhéowni | dihype
CGTase, was obtai ned. The CGrlase gene of Geobacillus »

st ear ot heraydphitalse Felok isty aitg ¢deposd tebt uide Pehd igddes Bhen fagrber ! afe
FERM P-2225 and under transferring procedure to International Deposit under
t he accesdhomHurdelia bredERN ABP- 28278 B LhwCedmatdioridho Bit ent %ﬁggaﬁ%“ g
Depositary in National Institute of Adv rng;(gd__l r]d,|715tri al _Science and .
Technol ogy)ot&s it & el Wt?@j‘bﬁ'%@e‘?ﬂ vent of s/ 2 WAS Uit AP ed®bY FREQEPAG

or deleting cleavage sites of restriction enzymes .wthout altering.
ani no aci dag"sjé%]u ﬁ‘égu‘o‘f’ﬁfﬁ‘é eBfase g&ﬁ&or’é@bﬁbi‘%se Wt %*bﬁi%l'sm' Jgh%g%%‘g}e‘egb
make into g reconbi.nant DNA cont ai ni; h ne,. encodi ng. AW s LIPS
CGTase . fﬁée %ftelﬁlfct‘l'l?ralxlewgfa t ’gt‘(?%?oonﬁﬁggﬁﬁt&ﬁ%%, Etﬂb@&%gms shown ‘i n
FIG 7. Ceng, fragn ¥ | L22 b RGVERMES Jip c@@bal B RG R uc89h@hhe of
encodi ng _agﬁ \}“eh%girgft%e%%#ﬁ}ﬁg’avﬁ F@%}-%e CGlase In “t'he abov(e r@ego#bi nant CDI(QIA,
wer e obt ai nedh ko g gestd ng & e %Q,Qr{w.ir@bf%,, 0and uhaRdol yomtbating ithe
resultants in vi tro using "CGeneMrph P tagenesis Kit" (a product nane
of a PCR M@tﬂ«ﬁm&ichemr@xec@&:ﬁl.w@gam, Sta@tgene agonpany) . of Te mmtated
fragnents were 1nserted into the original reconbinant DNA to prepare gene
m xtures, whigtho escodeh CGTaseowatli apt s rwidry warl iousremtinosmcad pH 5.0 and
repl acenents. Reconbi nant DNAs were obtai ned

40°C for about 18 hours to degrade o—glycosyl-L-ascorblc acids

into ascorbic acid 2-glucoside and to degrade the concomitant
gaccharides into D=-glucose. The reaction solution contained
ascorbic acid 2-glucoside in a production yield of about 40%, and

it contained 5-0-a~glucosyl-L-ascorbic acid and
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by reconbining the variant: genes with an expression pia:mld vector. Wth
the reconbi nant DNAs, coliformcells were transforned to obtain a gene

i brary of the CGrase variants. Over 13,000 strains of
transformants were isolated fromthe gene library and cultured to obtain
cells, and fromwhich were prepared |ysis solutions as crude enzynes

cont ai ni ng-QShage utakivarl sasthe drude ienzymes twifd aldcowad dfo @etutorn a5f .
aqueous sol ution containing L-ascorbic acid and partial starch hydrol ystes
to form a-gl ycosyl - Bfascoii ot act ids;g whisclemesns. tchehucoaay eds pibtyHheat ing,
gl ucoanyl ase to form ascorbic acid 2-glucoside. By conp arln? t he production
yi el ds of téegkysotybn|sabcordi o/agcids Oowpt Bt dad fdﬂ e dhiWiLg Nt P ed CETEsled
transformants capabl e of produci ng a CGrase nutant havi ng her

product i victyrrefoadscorbiic B df2l§Fagssiths werECseiteasd c:%]ﬁgec{ii-‘é%t kg, a0

obt ai ned. STHErTHEKBG e SehRNAR 0T [ THE CBradt SAnE GBREL B C1 e 10 and

t f t d d that th 8t h t

am no. aci GG BICEC SEG 4 D N0 I Ve FOBI R ROk Heg AL M BHF ekt
The transhrapnt ceantallld.d he (9eRe of .hhe, Hﬂg%%?cg%g; ag e gboveotGlase

mut ant was cul tureéd wt m cont al nin ‘of sodi um anpi Ci

(containi pg x12% 0,8L-BAEHLY: Ir ¥R 'E‘SD?’L41 G '-3531%101& o BGhmpRem | Ofhe
gl ycerol, 17 nwlxnnopota55|un1p osphate, and 12 mM potaSS|un1phospﬁate

per L of the.edidm Ala36C L@k 24c-Routs undesimm eeé@Qh@vm@dbé@onooﬂu \
cells collected fromthe culture by centrifugation were disrupted by "ULTRA
SONI C HOMQEENERR 3ELH00=( a8 Akt Fasgrieidi stupivexphadueed: bin SMlcE€blect
Ltd.), and the supernatant was treated by heating at 60C for 30 min to
i nacti vat e Sradehahurici e asneheat-aesi St-antcpsde bet ipther ent Ltasthebhost
cells. The heat-treated supernatant was further centrifuged to prepare a
partial | y aourd f i Edespetlaehedff tatd ICET aso tainant 20 Pl epatatiton off ascerbic
_particul ate conposition containing anhydrous crystalline ascorbic acid
2-gl ucosi decid 2-glucosidg&ve parts by weight of potato starch was adni xed
with 15 parts by weight of water and then dissolved therein b heatlng
after the addltlon(ﬁi%%%oﬁﬁépé’aﬁ?%é&t§@af%hLmldheF9 ﬁ&“§ﬁ§§§€“q?he ip

| ut d d th th ts b L- b
S0 et og 1R ROy e e AR Y p PR R e e g ol PSS P E P S s

ot hod i mit t“e@ﬁvtwaf P G R RSP 6o 55 b Gt AT C R i F Bt o e dEer ey Be
hours to fa%{“h%?n%% G126 %%hgl gﬁgahﬁmnenﬂ@ow :YGasyl ohtﬁ%ﬁ%% C%Tasmc

Thereafter € reacti on was to i nactivate the remalning

nutant. To,dHe S0lUtdon ya 9&5‘?9@:1 QUG 1&4290095 éaqpﬁadu% Bﬁﬁﬁm%n@

glucoanylase wi th” an actlv 20, 000 units/g commerci al i zed by Nagase

Chent eX Cqip mo%akamﬂacpm)nd B30 qanPYhEn 08, 10thdmi s/ @ petat ostanehate
foll owed by an enzymatic reaction at pH 5.0 and 40' C for about 18 hours to

degrade d-glycasyhstedsesr it aghdsyt e dsgorbbleactd 200tueosidewandate
degrade the concomtant saccharides into D glucose. The reaction solution
cont ai ned ast®r byenated s2-igirdcasi aend ht Bomps otduc tirgrs ty 1dl idicof a abouib 1. 40%: 1.dnd
it contained 5-0-a-glucosyl-L-ascorbic acid and 6-0-d-glucosyl-L-ascorbic
acid in a2oihicanpimtodforaboutyr 3% crystallineascorbicacidZ-glucoside.
The crystals were collected, washed by spraying a small amount
of cold deionized water, aged and dried at 38°C for three hours,
unforcedly coecled overnight, and pulverized to ehtain a particulate

composition containing anhydrous crystalline ascorblc acid
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After inactivating the remai ning glucodnyl ase by heating, the reaction
solution was decolored and filtered with an activated charcoal, and the
filtrate was concentrated, and fed to an ani on-exchange resin (OH-forn to
adsorb L-ascorbic acid and ascorbic acid 2-glucoside thereupon, followed by
washing the resin with water to renove 0-glucose and allowi ng to effect

el ution wWhth0.3:N4RydERGREOR Gy afi sl SOt WtdPNab Sui bar By, ascinit afxarpl le: ds
the resulting eluate was fed to a sinul at ed-novi ng- bed col um

chr omat ogi-aRRY pUSieNG; @ 1$iFRRg-AcE da€ad | aNderehangeseesinn tixdadol leettained
fraction rich in ascorbic acid 2-glucoside but poor in L-ascorbic acid. The
col | ect ed 1kractihan oonkabnet-99c4%id. schd, bidascbrdias adi o eaj aulcoish dey
After being desalted with a cation-exchange resin (le-form, the fraction
was concentir aBedti foa aredube pragsied. Jiime agrogbéat 275% tontent 48, W ch
was then placed in a crystallizer and adm xed with the particulate . .
conposi t i trdcenttaitmilng caednsi eoadd ol JNfcddide fragared- 3 v F Bt et 11 %%s
a seed, in an anmount of two percent of the sol.id ﬁont nti. wT_herea{lt el the
concent r atoe vids Oadilist eBDe o B sn & AU FATRF 0L ES L o® 10 U™ 1o  tayS
under gentle stirring conditions.to crystallize ascorbig acid. 2s side
to form a1y St I'i%%s%?'bi%&aec‘?@'% g]"h@%%i debge%ﬁlerd%nr?tylgtl[ ;(?g lth}g(?e
col | ected, washed spraying a small of . . i:onl zed. wah ek, ed
and dri od BT IS0 OLoTRrBLRGOrY IS5 Bl oS55I e ser Ght  aad o cRge
pul veri zed .t o_oht ai n Lcul at e ¢ Si-t i oA =CQARt.AISNIHIY 1 HY HOMS 150 um
crystalli e acsocng‘r%ir{(}‘a% ngL%%c‘gg?ﬂgBa%:]g#hgg /g purity of about. 98]. 8%
cont ai ned . taﬁf'?cﬂ: . 1% of > Lyas HeoBei Wi enda gl wreseitastoerfabs um or
cont ai ned ﬁﬁ@t an I%. %%//ﬁ 8“;3 LT as%gg B%}goi(%i d, hg%l a degree of crystallinity
of 93. 5% fQi- AMindrQus; et aldd nen ascembiatmeagitd o2- gbucasi dehieandubadcasd
total reducing power of the whole particul ate conposition being 0.31% The
dynani ¢ vapokheos Phi oo 1 ieviel i ceft tdhe tpatt d cdlkatevrdonposkti oh s xbewenenhan
detection limt. Measurenment of the particle distribution of the ,

parti cul ate-tonposi t i omspeveatetyt habeipacohtal akd paRpPELEsoni YASpaARHPEre
sizes of less than 150 pmin an anount of 93.1% and those with particle

si zes of 53 pneoPNabrecbatlifféss”t Han 50 tPA | 50 b ekttt 1 of E@?‘;g%ﬂn%eﬁ]“
subjected to the sane solidification test and brownin %th as in S
Exper i nentlerawaednelr r espeeenvesy 1yt et pAFerEEFat -eoﬁ%o 'Ei B WAL PPuE§ES t o

be "Not solidified" (-) in the solidification test _and "Not . browe r
substantial |y not br'&%b\ﬁéﬁ’*ft(l-c)miaﬁ:@c ﬁ@mBPB\}\%P'HB J‘t‘se?f_‘.‘“l(iiy ha”d'Péﬂg\f&l'%éa%aus’"e

particul ate conposition, is_easil and| eabl e beca it handl v sold.disfie
and | ess cof ﬁ-%rigy c%%i;‘a‘?%@' t “'Uﬁcﬁw\r;leeﬁ‘ﬁ otﬁjf'?i]im']7':'qA,532’GL‘E,%ﬁ‘lna[lD “or ggt}%t %riz]%ng dél%s'L

particul atg osition .containing anhydrous. al.}.j 1$C QDI 116 1.

2- gl ucosi dep‘]gggﬁer i Elrfbfiél&tb?al%’yg)s i%aggggﬁ%g%%ﬁlécgkhgg g?g?gr i%gj%%ljﬁlé.rl,g
Okayama, Japan,.Ln.a grade fqr use inigyasied5ugs 28 c8s3hencMiinading i zed
i ngr edi ent?ngg?:Ejgi’nggy%ﬁl%ldgptci cu da%e&t%n%%gq?t igo%agges not differ from
conventiongl, Hg'{\}@éhﬁ,%%‘iﬂ' Hiade, pOWder spdwothad-ids ] STACPRr Ukeylatse Japan,
conposi tion‘contai ni ng anhydrous crystalline ascorbic acid 2-glucoside, it
can be uses!naéaocpea@é idy ceEbiiRayhapiwithget hera ingreditentaniasy a mpatetialt,
for food products, cosnetics, quasi-drugs, pharmaceuticals, etc.,
simlarly 88qthe @howe cosventritdnall srowdesspoSintent Weegartétutatéer from
conposition has an L-ascorbic acid content of 0.1%or |ower, the

parti cul at eceerpasichiadngpesisdriig~hredeopovearsofn ddusi A§ 66| arel o ehvarr
when stored for a relatively long period of tine in the sanme product form
as convent conabspaider s comta igrhiade faorm yUERIS drdg Ladi nde® t 1 Partieul 24 ¥°
conposition has an L-ascorbic acid content of 0.1%or |ower, there.is no. .
fear of cadsigdgceslicwatiidn Gan thre Pardi @LPREe & orBoSiTIoN Afehorsd b Wkgh
the conposition is stored for a relatively |on eriod of .tinme VSED&&(%'P

product f ofIESOdEMEEMT 8 L gudst £ aF fQgt R poWie 8 S B dfs1 e
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Preparation of particul ate conposition containing anhydrous crystalline
ascorbi c acid 2-glucoside An enzymatic reaction was carried out
by the nethod simlarly as in Exanple 3 except for allow ng 500 units/g
solid of starch of isoanylase (produced by Hayashi bara Co., Ltd., Okayans,
Japan) to act on the starch at 55C together with the COlase. After

gl ucoanyl ase rteaiiert:] st her & eagt nan 250Ul 4 eRecO Al BedvaseHbbhil meidbrs.,
2-glucoside in a production yield of about 45% The reaction solution

cont ai ned 5if¢a- ghtgesyl +du: Bsloorcingcaciitd. can ¢tha@- 8.01 - gt ocosyit -de B canbicdci d
in a total anmpunt of about 0.2% The reaction. solution was purified )

si milarly ods 0.4 $Exanple«3, t ¢heolplaedti canlfatac doomp osiitth-can rege erdiles doier of
2-glucoside content of 91.8% d.s.b. After crystallization conducted
sinilarly f&sri pfERanpl ey @ leoket ks HtgThy @y SLareOWEPE & of e bt B | Viakstred
by spraying a small amount of cold deionjzed water, aged and dried at 38C
for threeRddrs AnfdiCediy HGolFédordaniight Lo U1 Ed T8 o AT 5
particul ate co :@%ﬁgi”n contaln&ng anhydr ous ggxsth%Lnela_qorbic acig,

2- gl ucosi d&, &ttt hada BUPPLYSbFI89. 296 EOntdrnéd 1 ess Fian T RB B -+
L-ascorbic¢ _acid and_0Q-glugose.,n . total, ¢ i.n lLess . thap.0.1%o0of - ..
L-ascorbi%agcﬁg,ﬁhgﬂgggggér%%l%fcé$b§%%fﬂggﬁﬁf %% &gagéﬁfgﬁcg%h§%r%%sitdi

crystall | [ BiC BGbda23ghucast e, nand; bada act obaloL eduGH NGe POYET . i

0. 25% Thg&dgﬁg%ﬂggvgggkfggﬁgfidn Feve? o?ltﬁeap%rt%@%?ate céd%%sitidﬁ ﬁ%s
| over t handet egld Al ddd e dYpasyr 8ABREqOkotkhe Rankicahve 1di stoidpud.omefct he
particul ate conposition revealed that it contained particles wth particle
sizes of lasm tjhafl:l'ﬂéoseﬂﬁ&iﬁﬂr@@u@ﬂDiﬂﬂﬁcmOfa59%,01%@ﬂddrmsﬁlwﬂ§jhwdmaﬂcj-i@f@d@
sizes of 53 pmor nore but less than 150 pmin an anount of 44.2% . Wen
subj ect ed goavdeyes .sanme solidification test and browning test as in
Experinents 1-4 and 7, respectively, the particul ate conposition was judged

to be "Nottxaggllicdidf i ed” (-) in the solidification test and "Not browned or
substantially not browned" (-) in_the browning test. o The
parti cul atfe sgampdsian opli spessirylakadl eabpPeshesanseCPRtABRELY s WIEPS

and |l ess colors as conpared to conventional "AA20", a product nane of a
parti cul ate Yedmddsing @ Qg MGG iRzl ystal | i ne ascorbic acid
2-glucoside comercialized by Hayashi bara Bi ocheni cal Laboratories, |nc.
Okayama, Japan, in &Tyrétfey? Wl%sée?ﬁtdﬁﬁsﬁgﬁ?d@%ﬁﬁhﬁ%.gHFnEﬁhﬂﬂﬁ%iW%Lhod
ingredient, etc. Since . the particulate compositi does n iffer fro
convent | ORI, drug-h PR St T FO L M 141 S pare) oSt hr e/ o' 58T
conposi tion. ¢ent.ai nin us |06 25GoNh .G A6Ld 2-9] ucgsi it
can be usé’-a?%ﬁ§53¥ﬁ?%8%@%g%%ﬁﬂﬁaﬁ%ﬁ#?%i%?ﬁ%ﬁﬁﬁ%a?%§f§§§gfﬁgggfﬁﬁﬁégﬁgﬁf
for food prodysts,, CQéE‘EFhC%}) -quas| s A Ugs, sphar meeevhiccahs 1 flthe ShALLACY
as the above conventional powders. Since t he parti'cul ate conposition has an
L-ascor bi 86i.d GoNtERhy Ph=Q- E%aQrnlper  riidereaksibg fRANOforfabshPgined
coloration in the particulate conposition per se even when the conposition
is stored flo@ el ativebyghangspeaei ath of pisBuLnibheysane produssuf onpras
conventi onal quasi-drug-grade powders. Exanpje 5

The reaction solution contained 5-O-a-glucosyl-l-ascorbic acid

and 6-C-a-glucosyl-L-ascorbic acid in a total amount of about 0.2%.
The reaction solution was purified similarly as in Example 3 fo
colleet a fraction with an ascorbic acid 2-gluceoside content of
91.8%, d.s.b.

After crystallization conducted similarly as in Example
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on of particulate conposition anhydrous crystalline ascorbic acid

2- gl ucosi de Five parts by weight of potato starch was added to
15 parts by weight of water and then dissolved therein by heating after the
addition of a comercialized starch-1liquefying enzyme. The sol ution was
adm xed with three parts by weight of L-ascorbic acid and adjusted to pH
5.5 to give atsubhsddwliel sl aktyonaldheesabsbiatetgdl, ukiaehcwad vadiy veag ivg ta
CGrase (produced byliayashi bara Bi ochenmi cal. Laboratories, Inc., Ckayans,

j apan, derimsdd famomrCeolfacilHudestraretiheahophi kasdTerdldsiedi mt (eposidted
under the accession nunber of FERM P-2225 and under transferring to

| nt er nat i dielecDbposist Wikarctdky ocdssi one KOBBE » ofNFERNEBRIEEZT Boj glrtain

I nternational Patent Organism Depositary in National Institute of Advanced
| ndust ri al® B¥ ehee ke CTBRRAS 6 §%)CUHd iTsidihy B AT PBF SAYEE@ 10y NE3EhT BaF a

Bi ochem cal Lahoratories, Inc,, ayama, . Japap).in,respective anmounts of
100 uni ts %rd ?r@ HC‘Gﬁi“'tjErp‘é]P“@lﬂg(-ﬁr@/ &f PPHéﬂkfo‘fJatgog S CRAd el PRl ShOB5C
for 50 hoyrs  to farmascorbic_acid 2-glueoside and qther, . . . . __
061 yoomyit-tth o et ‘o P AL BT RE PG e e B I =P ne
reaction sQluti Mas. adj usted. to pH. 4. b, ,adm Wit _"%LJ;C;O}Y 0Qp",
a product Stfr?lléﬁle Cgpl ) 32@51[ 3@0%%?%5’%& wgphdénﬁggt gvidE& (():}:‘M 2&(;r 000 uni ]tgﬁﬁzp i
comer ci aldzedh by, Nagaseq (heat eX, Sph Py i nE8 akaordaprac kY ﬁgga_qmcsssicp@,r gram
of the potato starch, reacted at”55C for 24 hours to degrade

a- gl ycosylrder as ¢Qihic raei@s nighbewdscorbi 2agi,d Znal 4seshde angh ko degr agde
the concomtant saccharides into 1)-glucose. The production yield of

ascor bi ¢ deivik20glueosh dei vasa Bbitinp3B%t idrswhs 1olke: £eas et csdlaut 1 omit .
cont ai ned 5-0-a-glucosyl -L-ascorbic acid and 6-0-a-gl ucosyl -L-ascorbit acid
in a total Mesmmunterehtaboiit thed%adtscbe distributionAfo&r tiheacpavaicuyathe
enzynme by heating, the reaction solution was deeolored and filtered with an
act i vat ed asheraoidl LomMhes Yedledt ehansitesainted neict par toaticon-wikdhapget Fesén
(Ht-form and su(g} ected to an_anion-exchange resin (011--form to adsorb

L- ascor bi ¢igds @hdleseokbie aep dul- ghuédsicdetierdupbh, ' ot dweldepy with
washing the resin with water to renmove 0-gl ucose and el ut | 2181 t he adsor bed

i ngr edi entke ik H-D .5 2@ hydr ochPBr PE Berd. Pyhel Sttiditeds & ¢t 8 881 #Runt
chromat ogr aphy uysi ng_" TOYCPEARL | 1W 40", a product, name of a porous resin
of Tosoh b : 2ok BeTRBaReC Tt SBITBASTE PPALH oA et RITE SAgUs Bre aLrd
2-gl ucoside hut_poor .in L-ascorbic acid, Jhe col|ected, fr LO nt.ai ned
ascorbic g’c‘?% 23-5&%& TR TR a?mﬁn%n%f JB?F%‘@éi(dgé\?%].'y' AR Ba%e%gh‘%ﬁ?er
the fracti . .concent.r.at il peduced sw.e o g ye a cancentration
of about 7%%&?%%%%0% b?aggld\%gg pl{'gcglgl"i n%a&ts':ry's't'gl |'zeci, ad(m'qxeg Wi t'h’

the particylal e €0MPOsT LR +CoRE AN NG 2NMLAN QUSs G st &l 1 4 e, 28G0RRLGRaGHd
2-glucoside prepared in Exanple 1, as a seed, in an anount of two percent

of the soli.d contigid reeh sy eged®, 40C, gradual Iy cooled to 15C over two
days under gently stirring conditions to crystallize ascorbic acid

2-gl ucosi de to fornarthy geeus cenyskatbhnes ascon liceash iy hragidicogi debethaze
crystals were collected with a basket-type centrifuge, washed by spraying a
smal | anmouint hofrdiystddlied et mndaded sand Lldrised sat:c85€rkzar tei ghtivhounsnal
cool ed by blow ng 20C air for 10 m nutes, and pulverized to obtain a

parti cul at'®AkEHiposi t poadeoht ainieng farhyelousc cky/ist afdipes ascor bizenheiding
2-glucoside. The particulate conposition had a purity of 98.5% for ascorbic
aci d 2- gl (wosidecuont dF hedl Fess AaBRan b0 C1%Bid | < a3 terdf £dac FaBRICDaglEEds
e intotal, contained |less than 0 of 1-ascorbic acid, had a plegree of
crystal | i MY ylayasaigegsofiarhglrieas ¢ARYANGHEaschibi ¢ GkpUdBa gl deBande,
and had a total. ‘redidci‘n pover of the whole par [i(i.cul ?1}}2I canposi ti og.bei_ng
0.15% TheUyh&M& apor ME6r bt i BT BVETUST Thé FarTreir&tE LonpBSrErdRas
| oner than_ detection |imt. Masurement of the parti distribution of the
parti cul at%t%‘orrp8§"f7f:faontrﬂeev83rgﬂjw§&q?&i = COnt A LnleJ‘l p‘g!rafgié‘clnetsL vmcg)lt' Iﬁ]hgrar Fcofne
sizes of less than 150 pmin an amount of 83.0% and those with particle
sizes of 53 pmor nore but |ess than 150ipmin an amount of 57.7% Wen
subjected to the sane solidification test and browning test as in
Experinents 1-4 and 7, respectively, the particul ate



conposition was judged to be "Not solidified" (-) in the solidification
test and "Not browned or substantially not browned" (-) in the browning
test. The particul ate conposition is easily handl eabl e because
it hardly solidifies and | ess colors as conpared to conventional "AA2G', a
product nanme of a particul ate conposition containing anhydrous crystalline
ascorbi ¢ a@inde2taloneasiyde =¢oamanchahtizedobye Hayas hithar  tBi schenimalculate
Laboratories, Inc., Ckayamm, japan, in a grade for use in quasi-drugs as a
ski n- whi t epimpe singred et :atrc.ngS red viche vpar tdoud tatel igempasi ad wnt @ oes: bt
differ fromconventional quasi-drug-grade powders in that it is a

parti cul at?e gdowmpasids,on. tc orrai g ngsamhy deoas ot 8t &di® adseay bl idacldher
2-glucoside, it can be used alone or in conbination with other ingredients
as a mat erir@lrefigrentteors prvdudtiss L Eo5MeOdRT odualst - PGHS L L pRarditelit el
etc., simlarly as the above conventional gomders. Since the particulate
conposi t i GHAHAR o4 QLR Sor B € - aditd 1d6ritient ® 611029 HF PSREE I PR S -
fear of caysing coloratjion in the particul ate conppsiti. t- e

the compootirGl kot batrbrcs TRt VeA g G Spart A ar B n L THb Slie
product formegs cofventanal, quasi c Aryg-Arade, POUHL s,q QIR ALIYe BYapple

1 Preparation “of ‘parti’Cul’ate conposition containi ng anhydrous crysta

ascor bi c %C%lq;i%ﬂa{{%o%ioﬁgmsition per se even when the composition iz stored
Except f or not usi ngi soanyl ase, aparti cul at econposi ti on contai ni ng anhydr ous

crystal l'i ng, ascyli-¢ 1614 A@ueeside was cprepanednbysthe sanguAet hedmassin
Exanpl e 5 using CGlase from obaci | l us stearothernophilus Tc-91 strain

(deposi t ed-amdar: fdies BCARSSI -afr e o pRERM £:- 2225 and under transferring
procedure to International. Deposit under the accession nunber of ABP-11273
in InternaA le Pat ent Organi sm Depositary in National Institute of
Advanced I'ndustrial Science and Technol ogy) produced by Hayashi bara

Bi ocheni calrdaboriatar | e, pacoticOiayanacolppant iThe ppodaéniion yeebpdepus
ascorbic acid 2-glucoside after glucoanylase treatnment was about 28% The
reaction sofystiahl sontasee e Beld gl -ukea9dideascorbic acid and

6- 0-cx-glucosyl L-ascorbic acid in a total anount of about 1.0% d.s.b..
Sinmilarly as in Exarplee parts by iwelglhcdf ono&akat FhAL GRsWagcBrErEdte 13
desalted, and purified to callect a fraction rich in ascorbic id .

2. gl Ucos| 0BT TheP KolF a8l baOfr HEERSn BEht R Hed LB TS a7 He 52 ghticBEREE n

0, -1
an amunt C?EL@SI?'L?}T@ adddsj‘.'tt‘)lfon of a commercialized starch-liguefying enzyme.

The solution was admixed with three parts by weight of L-ascorbic
acid and adjusted to pH 5.5 to give a substrate solution. The
substrate sclution was admixed with CGTase (produced by Hayashibara
Bicchemical Laboratories, Inc., GCkayama, Japan, derived from
Geobacillus stearothermophilus To-91 strain (deposited under the
accession number of FERM P-2225 and under transferring to
International Deposit under the accession number of FERM ABP-11273
in International Patent QOrganism Depositary in National Institute
of Advanced Industrial Science and Technolegy) and iscamylase

(produced by Hayashibara Biochemical Laboratories, Inc., Okayama,
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Simlarly as in Exanple 5, the fraction rich in ascorbic acid 2-glucoside
was concentrated to crystallize ascorbic acid 2-glucoside, and the
resulting crystals were collected, aged, dried, and cooled to obtain a
particul ate conposition containing anhydrous crystalline ascorbic acid

2- gl ucosi dehad, which had a purity of 98.5%for ascorbic acid 2-gluooside,
cont ai ned ;Qp4%) 0f n Lr A§60F i e aGihrand «@- ghocaset 4 mricotabpocent 8k neelr Gy 29 of
L-ascorbic acid, had a degree of crystallinity of 89.1% for anhydrous
crystal |l i pg @s€pbhiaecasigr @ ghdoosi desd and Ffadfartidt abureduci ngmpowerrisfc
the whol e particul ate conposition being 1.17% The dynam c vapor sorption

| evel of theédp@-tgladatieicombsitheon wagloc04y -Measupeshént asfidshe pefttaxl e
di stribution of the particulate conposition revealed that it contained
particl es iviacli iy apang dhe sirpaynsts |gsheabhnds0tpe FR2GH L8R Gt U3 078, MG
and those with a particle size of 53 pmor nore but heﬂé tg%q 150 nu%n‘an
amount of a50upged to pH 4.5, YBRedby ebbed LY PREMEA e PO di 1 FRGDHT

test and browning test_as in eriments 1-4 and 7, respecti y,.the.
parti cul at'é™€onPbsit i ahuwaémyl% Sd 10+ be SsoP it F1 BY" Offg) angﬂ%e utile/g,
solidification test .and }Browned" (+). 1N, the brow). t _..Sincee Cf e
parti cul at-@ CEHISI %6 Hgsﬁﬁgﬁgaré}%ﬂg#&éré)}jsﬁ% { ;Mr]i;:dtq{% 'of%l ﬁ?eagé a"ﬁ& gga/cli#‘or

anhydrous r.ystal| iie dscorbl g acld. 2:0 ue0akdgqaand 3s0nae XARdurs o

sorption [Fevel “bei ng over 01% i1t may cause solidification

during itgdi,Stdd Ql@:Lg@oégﬁgmELQEEBQb@@Hc@i%@ﬁ.nEB%c%\ﬁajtchia&iwl@lucoside

i nevi tably cause se us obl ens when used 88 a material for food

products, GREMRS iy rAHaSI vl Udscomhal Maceut ¢ 68t Bde et Cnt & Degltbese. The
particul ate conposition contains L-ascorbic acid as high as 0.2% it in
itsel f isdhemafidegiec0l causicoghiel ofad iZer ldurdsnglcommerphal 3@ikstdi bubi on
and storage period of tine. Since the particul ate conposition
has an L-agter bicecadicth canitentorofecas: diirghd ds- @9 Ludwes el tls-deapriviccansilng
coloration in the particul ate conpositionper se during comerci al X

di st ri but izord &né-stgilagespériiodsebrbilmerc kddst aftort sl snayatseapivtys- 4%,
The particul ate conpositions containing anhydrous crystalline ascorbic acid
2- gl ucosi db ©oHtai ned in Exanples 1 to Sand Conparative Exanple 1, were

tested for their storage stabilities bxlthe samne nehhp_.as in ExgerL“_nt
5-3 The results inAf@r inactivating the enzyme by heating, the reaction

solution was decolored and filtered with an activated charcoal.
The filtrate was desalted with a cation-exchange resin (H'-form)
and subjected to an anion-exchange resin (O -form) to adsorb
L-ascorbic acid and ascorbic acid 2-glucoside thereupon, followed
by washing the resin with water to remove D-glucose and eluting
the adsorbed ingredients with 0.5 N hydrochloric acid. The eluent
was fed to column chromatography using “TOYOPEARL HW-40”, a product
name of a porous resin of Tosch Corp., Tokyo, Japan, to collect
a fraction rich in ascorbic acid Z-gluceside but poor in L-ascorbic
acid. The collected fraction contained ascorbic acid 2-glucoside

in an amount of 87.6%, d.s.b.
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experiment and those of the solidification tests confirned in Exanples and
Conparative Exanple are shown in Table 8 in parallel. Table 8
As shown in Table 8, in the storage stability test, in which each test
sanpl e was stored under a condition packed in a 10-kg bag for 45 days
according to an actual ly-commerci al i zed-product form any of the
particul ate conposi hif@as €onttaiaaingnaniy dopus: ntryrstkal 1 peradcoedipe ccdudre
2-glucoside of Exanples 1 to 5 was judged to be "Not solidified" (-),
but t he partbi gulat e conpesttibnocont aklpbmg afhy drious:aroystiatd i gevass qolrdsiad
acid 2-glucoside of Conparative Exanple 1 was judged to be "Solidified" (+)
These résul 2 s onrsd addlilzegoi nefldededi thil tithoddei npa wel gl # 8@ f iceatricon. e
As described above, the particul ate conpositions containing anhydrous
crystal | | RENESEDLBORHY R UYFLEBER He 1 BR AKE Priéstitd L nVeHEPSH eRE PR@F i n
Experiments 1 to 7 and Exanples 1 to 5, have a _degree of crystallinity, of
00%% or | hi GReE<FEP anhydio b T8t AN P HSCOILPE GEP PO GFEE UL A Bt a

d i tign | I f 0..01% I d,ther.efs they are S
OynaiT VBRSO L O LEEL O 0 DL O L QU RO el By LR35
t he SOlldh%H%$Igf 1éﬁi%$tf¥gﬂn&h%%%@iﬂ@&n@ejﬁbf%r§0@5?iﬂzéL%E@%%%HQJqgéﬁﬁd

A 5
and/ or 0-gl'ucdse” as i‘npurities”characteristic héi r production processes

ina dete%L%quaﬁé?ﬁﬁt@foflg%ﬁ&%&%@@cﬂﬁéﬂﬂ%ﬁfﬁﬁQQBBQEiéBQKd2iﬁﬂﬂ&6é£$@§

of ascorbi c "aci gl ucosi in the particulate conpositions are of over

98. 0% but hges.ipan, 89..0%c speticbi-eal | yth Wrakker -evek (seerEragel evdihbut
99.8% or | ower (see Experinent 2) , which is the |level |ess than 99. 9% of

ascor bi ¢ agi @p2aglineosi dRailn bheuheagentiigr allecpondesr andyeaking dried at
di stingui shable the particul ate conpositions of the present-invention from
t he reagerts“gr dde powiier hbnrker necdbdt he plowingoRCagScatbi Loacl@ minutes,
2-glucoside. Exanple 6 Powder ed preparation of vitamn C (application
exanpl e asra fpotvemteed aky obtain a particulate composition containing
anhydrous c¢rystalline ascorbic acid 2-glucoside. The particulate
composition had a purity of 98.5% for ascorbic acid Z2-gluceside,
contained less than 0.1% of L-ascorbic acid and D-glucose in total,
contained less than 0.1% of L-ascorbic acid, had a degree of
crystallinity of 9%4.8% for anhydrous crystalline ascorbic acid
2-glucoside, and had a total reducing power of the whole particulate
composition being C.15%. The dynamic vapor sorption level cof the
particulate compesition was lower than detection limit.
Measurement of the particle distribution of the particulate
composition revealed that it contained particles with particle
sizes of less than 150 um in an amount of 83.0% and those with
particle sizes of 53 pm or more but less than 150 um in an amount

of 57.7%. Whensubjectedtothesamesclidificationtestandbrowning

test as in Experiments 1-4 and 7, respectively, the particulate
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Twenty parts by weight of a particulate conposition containing anhydrous
crystalline ascorbic acid 2-glucoside obtained by any of the nethods in
Exanples 1 to 5 for use as a powderous material for food products, was
adm xed with 70 parts by weight of sucrose, 10 parts by weight of dextrin,
and an adequate amount of a flavor, followed by m xing the resulting

m Xt ure bychpRisierndnnt @aa powdeeed s epar at'Neit obkclitamipdC. The producte
can be prepared by easily mxing to honbgeneity a particul ate conposition
cont ai ni ngodnlyidrious icryseat |ane “dscopbbenacdia: 2ugkteosiide Ly tht ditherned”
powder by using a m xer w thout causing any troubl esone event during its
prepar at i dr)stiep LITPh@nemodiet Lot -be easily mixed with other materials for
food products and it is a powdered preparation of vitamn C substantlally
free from causing cé\*’@r%ﬂgh%#dE%IH%}H‘%“-C%HCHWé\ﬁ‘éﬁ*\/ﬁéh%%%élﬂlfﬁ?‘“&m”
relatively | eriod. of tine. Sinpce the roduct and conpositio

cont ai ni ng" tﬁ@%ﬁwﬁ JEIE ﬁ&*%pﬁp? SFsgi car fan%f.comp%lf@%.‘t%rﬁ%“@%wyd%an
be orally mai nt ai .n Ith Qr..the whiten f s 0 e
micosae. e 7 TR A8fr 1S T oonaar CCasar ear Sh s dste GG Ad

cosmetic TRLES y% 5 %ﬁ%ﬁé%;%? Qn>§£éfgggdl 058 }d+&iig§*gﬂﬁﬁﬁ¥%ﬁ ﬁggd

Polyethylene gl'yco |ca artlcu ate conposition contalning
by Hayashibara Biochemical Laboratories, Inc., Okayama, Japan,

in a grade for use in gquasi-drugs as a skin-whitening ingredient,
etc. Since the particulate compeositiecn does not differ from
conventional guasi-drug-grade powders in that it is a particulate
composition containing anhydrous crystalline ascorblc acid
2—glucoside, il can be used aleone or in combination with other
ingredients as amaterial for foodproducts, cosmetics, quasi-drugs,
pharmaceuticals, etc., similarly as the above conventional powders.
3ince the particulate composition has an L-ascorbic acid content
of 0.1% or lower, there is no fear of causing coloration in the
particulate composition per se even when the composition is stored
for a relatively long period of time in the same product form as
conventiconal guasi-drug-grade powders.

Comparative Example 1

Preparation of particulate compositicn containing anhydrous

crystalline ascorbic acid Z-glucoside

Except fornotusing iscamylase, aparticulatecompesition
containing anhydrous crystalline ascorbic acid Z-glucoside was

prepared by the same method as in Example 5 using CGTase from

1



anhydrous crystalline ascorbic acid. 2-glucoside obtained by any of the
nmet hods of Exanples 1 to 5 Fl avor Adequat e anpbunt Col or Adequat e anount

Ant i septi cAdequat e anount Vol uming up to 100% <Preparation method>

The above a, g-trehal ose, polyethylene glycol 6000, silica, flavor, color,
and antiseptic were placed in and m xed

Geobacillus stearothermophilus Tc-91 strain (deposited under the
accession number of FERM P-2225 and under fransferring procedure
to International Deposit under the accession number of ABP-11273
in International Patent Organism Depositary in National Institute
of Advanced Industrial Science and Technology) produced by
Hayashibara Biochemical Laboratories, Inc., Okayama, Japan. The
production yield of ascorbic acid Z-glucoside after glucoamylase
treatment was about 28%. The reaction solution centained
5-0-a-glucosyl L=ascorbic acid and 6-O-a-glucosyl L-ascerbic acld
in a total amount of about 1.0%, d.s.b. Similarly as in Example
5, the reaction solution was decolored, desalted, and purified
to collect a fraction rich in ascorbic acid Z-glucoside. The
collected fraction contained ascorbic acid Z2-glucoside in an amount
of 87.7%, d.s.b.

Similarly as in Example 5, the fraction rich in ascorbic
acid 2-gluccside was concentrated to crystallize ascorbic acid
2~glucoside, and the resulting crystalswere collected, aged, dried,
and cooled to cbtain a particulate composition containing anhydrous
crystalline ascorbic acid 2-glucosidehad, which had a purity of
98.5% for ascorbic acid 2-glucoside, contained 0.4% of L-ascorbic
acid and D-glucose in total, contained 0.2% of L-ascorbic acid,
had a degree of grystallinity of 89.1% for anhydrous crystalline
ascorbic acid Z2-glucoside, and had a toltal reducing powar of the
whole particulate composition being 1.17%. The dynamic vapor
sorption level of the particulate compesition was 0.04%.

Measurement of the particle distribution of the particulate
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to honogeneity with aniixer into a powdered m xture. To the m xture was
added the particul ate conposition containing anhydrous crystalline ascorbic
acid 2-glucoside obtained in any of the nethods in Exanples 1 to 5,
followed by stirring and m xing the m xture to honogeneity to obtain a

ski n-whi teni ng powder. The product facilitates to mx a particulate

conposi t i epmpertiaiinngeaphydrioukacr yst abhtanenad goxbi tobes dv kil aigositde: vé t h
other ingredients into a honbgeneous mi xture by using a mxer, w thout

causi ng amy. zer odbllesemthevedt>Odum rigp iams apoeydr atfi o SitfepndSitdyeEq Hetth a
product can be easily mxed with other materials for cosmetics and it is a
ski n- whi t ®8irigeewded Sebefafiti Bt 9 rBarer But chaigs nghenl of AtidmHran amount
solidification even when stored for a relatively long period of time. The
product aRd @8mpdsitions containing the sane can be used as an external
dermat ol ogi cal , agent for_ skin whitening. — __ _ .. s, described _aboy
since the particuIa#%mgbn%%gﬂ??bﬁdcgﬁtdgﬁfn@agﬁhfﬁ%%ﬁ%f%?@%%ﬁ?Tiﬁgsgségf%ic
acid 2-glucosi de of the present.| Lop.is_sianfieantly,. hard]. e
sol i di fi abl"&"Comar e’ odgoHSEn'% %g" %ﬁ%ﬁnze?cggkgzgﬂ %ﬁa§$?§fﬂg¥'fad%he

powder s a?a@%%%ﬁhﬁh%&%% %%%qﬁkkF%aﬁqﬁﬁﬁhéﬁrHgsb@amgoiQ?QfPéedu@L 14 Nehe

particul ate conposition has the nerit"that. it 1s readily handl eabl e and

subst ant i ald i@ iR keskngnd te sallsf-aqtor ynfinee drloawiing abkki tysasca
particul ate conposition during its storage, preservation, or

transport atieOparkn cSRizt@ ebmpbeitach hhata tdheypar icukgteatdnpasivt bOnless
cont ai ni ng anhydrous crystalline 2-glucoside of the present invention is

si gni fi cantHan dtar doy sabidirbuabbeyeoapaded akoocbhveatidnatgiucoside and
quasi -drug-grade powders, it is not necessary to increase its purity of
ascor bi ¢ acidyr2xwglucogiae dorgthiern evelebfol dageht 4 dofel powelees @nd} %, it
therefore, there is no need for additional. steps in the production process
such as reenystakejdol it o bl drriagetid don Lo HEdRNY ¢ BFSaNY PBBédtse
of this, the particulate conposition of the present inventiaon has the
advant age ath&6-0Ehan frigefe it < LBy 18684 YnGR U8R HRaEN D 1 it WhargPA¢dnd
it can be produced at a |lesser c ding to the process

t A
of the_pré%%nﬁﬁiHW%ﬁﬁq%ﬁ% tﬁﬁ§7pdg$?%ul%&%g%%5%bsi??%ﬁgé¥c?he BragdnpFudsy
nvent o' e b ocuced o L egce L 20l D st sybai o o

material s * oes no

product | ony PLOGSSS; & ofc B odualing, canventy onal (quatis.diugyorade Bawdets Lp

I
t he steps conprise erein. ore,” t'hé production process o
present i . af RUEQMRe T 4 1 4§ Bat; bLrPEAYUEES: drage period
significaﬁ%ﬁﬂ%hﬁg?gﬁérégFP§?¥?g§Ie parf?%%?%?%gggﬁ%gg?tion contai%iﬁg
anhydrous grysifl | Inc ascorbic acid 2-glucoside conpared with the
conventional quasi-drug-grade powders, with substantially the same period
of time, labor, produciiontfeaghrtibulbes,c@ihosionsathasa ragquined: totd
produci ng such conventional powders. According to the
powder ous ¢mteshal Sffos fogd peoduets, thesaeikcépaquasi cdnagsy andoration
pharmaceuticals of the present invention, because they consist of the
parti cul aten tbrposittion dtavcogpohet s bymidd sanury noheprgiyr ¢bi ] ditbitgbbetion
property, the foll ow ng advantageous nerit can be obtained: There is no
fear of causdngtdisyarpancedduli Agnemterial transportation, sieving, and
m xi ng even when used in production plants that are so designed, on the
preni ses, abesb {8 mheereal StABVLAGYsatisfactory free-flowi ng abiJity.

The particulate compositions containing anhydrous
crystalline ascorbic acid Z-glucoside obtained in Examples 1 to

5and Comparative Bxample 1, weretested for their storage stabilities
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Further, since the particul ate conposition containing anhydrous crystalline
ascorbic acid 2-glucoside of the present invention can be easily prepared
into the one having both particles with a particle size of less than 150 pm
in an anount of 70% by weight or nore to the whole particul ate conpositi,on
and those with a particle size of at |least 53 pmbut | ess than 150 pmin an
amount of p40¢tha GRWRDYMMEL ANt 551 EnCaRpRe irsed cpmventrionakdyunt & hout this
altering conventional production steps and nmaterial standards even when
used as makpekahsnt omrnioathqyodiiet $hecesmBldics,caquasi -diaigs, candirmed in
pharmaceuticals. Wien the particul ate conposition containing anhydrous
crystal |l i heamptokbind deingpa2-=gl iucoSikdepdt: she ghrasenn Fabként § om ipe refl lteHe
one which contains |,-ascorbic acid and/or D glucose and has a reducing
power of the whole particul ate conposition being less than one percent, it
attains the nerit that, although it is appgftigul ate conposition produced
from L-ascorhbhic acid and..anyl.aceous quhqrnnrp'nq materi.al.s, it _is_free of
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2. A particulate conposition conprising anhydrous crystalline

2- 0- a- D ghwyees hdseasieordiee «aclidii mhihi @onpidtses 2- 0-

(.1-0-gl ucosyl

-L-ascorbic acid in an anmount of over 98.0% by wei ght but

| ess than 99. 9% by wei ghigsniladr yisold,d bas: s;pand daba e dyrampes Vapons
sorption level, of 0.01%or lower, when kept at 25C under a relative
hum dity efor@3strbynoveinglydrboos ¢2yhoalsinbtescoebyvadciol Avatlecdsi dsaipd the

particul ate COﬁpOSItIOﬂ under nitrogen gas stream

present invention, as shown in Experiments 1 to 7 and Examples

114



3. A particul ate conposition conprising anhydrous
crystalline2-0-a-D glucosyl -L-ascorbicacid, which conprises 2-0-
a-D-glucosyl -L-ascorbic acid in an anount of over 98.0% by wei ght but |ess
than 99.9% by weight, on a dry solid basis; has a degree of crystallinity
of 90% or hi gher for anhydrous crystalline 2-0- a-D-glucosyl-L-ascorbic
acid, “hem'@9@9Uh§®6Q1Héé%@eQﬂf%r?%@ﬁﬂﬂ@nity-of 90% or higher for anhydrous

of powder X-raydi f fracti onanal ysi sof sai dparti cul at econposi ti on; and cont ai ns
particl escwykhadl pat bisebebs bze iof 2+ ebscddriade B0 apm d dyam aoreapt rafo rg0dy
wei ght or higher to the whole particulate conposition, and those wth a
particle 3ezelobfatl.l0dgstor53gmbutand esserhbnrdb0thayi rran senmdwridlefaide: t o
60% by weight to the whole particulate conposition. oA A
parti cul aperconpdstei onmponpt Lenhgeanky droubudasdt 'del meelidified” (-) in
2-0-a-D-gl ucosyl -trascorbic, which conprises 2-0-a -D—glgcgsglﬂL-a§corbjc
aci d in alh&nehtdioh Ger826% by SRitgriIBut Wi 858 AN CoBL 08 y AT YH:© on

a dry solid basis, has a dynam ¢ vapor.sorption_|eyve|l.of 0.01% or |ower
when kept “&6 A3R/2r NHercaes 4 4TPY6L it aﬁﬁzjﬂ&%ﬂ%%— by Lﬁgﬁ*‘éﬁﬁ(’%?%%ﬁhd rs
after renopval of water .in sai rticyl ate _con it JErogen..aas
tream anioesaeardb s e Srub SRR ERV R RIS s SR DG M QEEhErS |
an amount . of 70%hy. wei ght _ar. hi r, t he e ;partjculate compositiqn,
and thoseL&Ftﬁ%§h§§f¥fcgg §$?én%%'ata g%s?ﬁéén%ﬁ%bu? Iggskgﬁaﬁ915ﬁhp#$?ﬁnan

anount of 40.1.0;69%, by, yei ghto$0- tdie Jhelg ALk eHhat §9CONPOSHEd OMfically,
5. A partlchate conposition conprising anhydrous crystalline

2- 0- (x- D glsue@syl- bva$CQEBECEAGIE: oWl CBLEODBI§SeSr 2t Bver (see Experiment
a- D-gl ucosyl -L-ascorbic acid in an anount of over 98.0% by wei ght but |ess
than 99. 9% bywwebghts tor adcdey Seodd dHaasts; shast adegide atidrysyhabdédsmidy
of 90% or hi gher for anhydrous crystalline 2-0- a-D glucosyl-L-ascorbic
aci d, whenncai€entated: basdd momwde rprod ink & 1 of) gidvwde mxg:iapdiof fridet ponabal 3t s
of said particulate conposition; contains L-ascorbic acid and/or D-glucose;
and has aacegeciingopewef tdfe pheswhbl B partigulizog EbaPosidardn IberagRPedsr

t han one percent by weight. . 6. A particulate conposition

conpri si ngrafydsoes EbgstaFifrecd- 05{RrPLgl Aebsys -4l wsedvrdBicaci d, whi ch
conprises 2'0- cE-D-glucosyl-L-ascorbic acid in an anount of over 98.0% by
wei ght butZX73@§4 & an 99. 9% by wei ght, on a dry solid basis; has a dynanic

vapor sorption |evel of 0.01% or, | Qy« kept at  25C under a_relatiyv
i i Ly, GYSEESl DRERSEE LR PE. Hy A B R b ot

particulate_gpnpqﬁition under nitrogen gas stream contains L-ascorbic acid
and/ or 0- AkBd&)and has a reduci ng power of the whole particul ate

conposi ticn being | esg,than G PGty K WBIEORL particulate comfosftion

particul ate conposition c 1'si ng ydrous
containing anhydrous erystalline ascorbicacidZ-glucosideobtained

by any of the methods in Examples 1 to 5 for use as a powderous
material for food products, was admixed with 70 parts by weight
of sucrose, 10 parts by welght of dextrin, and an adegqualte amount
of a flavor, followed by mixing the resulting mixture by a mixer
into apowderedpreparationof vitaminC. 7The product canbeprepared
by easilymixing tohomogeneity aparticulate compositioncontaining

anhydrous crystalline ascorbic acid 2-glucoside with other powder
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crystalline 2-0-(E-0-glucosyl-L-ascorbic acid, which conprises 2-0-

r x- D-gi ucosyl -L-ascorbic acid in an anount of over 98.0% by wei ght but |ess
than 99.9% by weight, on a dry solid basis; has 8 degree of crystallinity
of 90% or hi gher for anhydrous crystalllne (r-D-giucosyl-L-ascorbic acid,
when. cal cul ated based on a profile of powder X-ray diffraction analysis of
said part biud:@iﬁ‘g COMPO& 1 WARhoe@NE-ALAS nPak iy Ct eSuML & Bode pavdhc| dsirze iafs

| ess than 150 pmin an anount of 70% by wei ght or nore to the whole
particul apespafpesbhi Gepand thoserawdtidt acpar tieclea size ofxatl keadt B3igpm
but less than 150 pmin an anount of 40 to 60% by wei ght to the whol e

parti cul ateteodpdsi ficonfocdnpaibdsclsasoer bitc iaciad pandeoe 0 pylareosd;icand thas
a reduci ng power of the whole particul ate conposition being | ess than one
percent byiweinght. C substantiallyy A peeti EuPat eCabApBIi t COACEGPPDsI iy
anhydrous crystalline 2-0-a-D- glucosyl -L-ascorbic acid, which conprises _
2-0- ei - D5gldE6dyrati88c 6VBIC WAENd STRTER dvdurt T6F 86vert 198 10Dy Siei tht® hut
| ess than 99. 9% by weight, on a dry solid basjs; has a .dynam, vapor,
Sorption F&VEH oFLBCDIBOPTPONGE, “UHErT R O P CUNadr G 6'Gt FYhe have
hum dity of 35% by weight.for 12 hours. after .renovgl_ of r_ Loy said .
particuIagbec%ﬂ%%ersggcﬂ%dﬁynéﬁ%?%%éﬁ"gégdé¥%eggﬂﬂ%3nf§¥ﬁ§85%#$+%?é§l%ﬁ%h

a particl %Osll‘l%gllj?%;ill)el. % %E&g%#@ Amd r‘}véﬁge?h Wt ¢of y,  Qshy D%%ﬂ@tmﬂ{oé@é

e
to the whol'e cul ate osition, ose wWith a particle size of at

| east 53 p th ol @ss than 150 pmin an amount of 40 to 60% by weight to the
whol e par?gggﬁégeﬁconposition; contains L-ascorbic acid and/or D gl ucose;
and has agkeduqinng RAWer %Q\irdé heagpolia: pardi eubabe cCOEROSHERODL baing: I as)

t han one pP&re¢erit by wei ght. 9. A particul'ate ¢onposition conpri si ng

anhydr ous <Goyshdlatiing=2- 0- - D- gl ucosyl -L-ascorbic acid, which conprises
2-0- a -D-glucosyl-t-ascorbic acid in an anmount of over 98.0% by wei ght but
| ess than 99. 9%(liygwekgkhtsdon a dry solid basis; has a degr eésof
crystallinity of 90% or higher for anhydrous crystalline 2-0- a

-D- gl ucosyl - L- ascorBirehadiode when cal cul at ed based on a profi?edof powder
X-ray diffraction analysis of said particulate conposition; contains
particles with &opaetioiens gdysrll &90% han 150 pmin an anoiiit of 70% by
wei ght or nore to the whole particulate conposition, and those with a
particle size ofiattSPeast 53 pmbut |ess than 150 pmin an ambunt of 40 to
60% by wei ght t% the whol e particulate conmposit.ion; contains L-ascorbic
acid and/or 0- gFACGSE 1 RAE FFBRTG T O e whol e par'ti cul at e
conposi tion being.less than one.percent. by wei . ,and has a dynam c vapor
sorption |evel g%hgl'fooFrﬁ@ﬁ@#aﬁﬂﬁbghﬁ%%%ﬂgi%g%élunder a relative

hum dity of 35@%E§HWEE%Qhéf Ew%ﬁfggyr qLénggqﬂgyal of water in said

particul ate conp tion  un rogen g stream
methods of Examples 1 to 5

Flavor Adequate amount
Ceolor Adeguate amount
Antiseptic Adequate amount

Voluming up te 100%.
<Preparation method>
The above «o,a-trehalose, polyethyleéene glycoel 6000,

silica, flavor, color, and antiseptic were placed 1n and mixed
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10. The particul ate conposition conprising anhydrous crystalline
2-0-a-D-glucosyl -L-ascorbic acid of any one of clains 1 to 9, wherein the
content of 1-ascorbic acid is 0.1% by weight or lower, on a dry solid
basi s. 11. The particul ate conposition conprising anhydrous
crystalline 2-0-a-Dglucosyl-L-ascorbic acid of any one of clains 1 to 9,
whi ch is poepai@itdd 00 ais6l Aliee rCOMPE i:Shogd@rOd nal xtng Ucasyt nd aasaantd C
aci d obtai nable through a step of allow ng cycl omaitodextrim
gl ucanot r aasf erdded( CGlasg)attol@ctaton a-cggha i toinore orteai rd img.rid - asdardaicel s
acid and anyl aceous subst ance. 12. A process for producing a
parti cul ateyesoapddintiarcoinpr BsilAg anhydrous: ebystakdijreany of the methods
2-0-a-D-gl ucosyl -L-ascorbic acid_of any one of clainms 1 to 9, said process
conpri si ngnt REABPEES of Lo 3, fOllOW@da%WoﬁWﬂ@r@@@I@@QIFG@%&%&EW¢® mixture
gl ucanotransferase and gl ucoanylase in this order to act on a_solution
conpri si n§CafPIeeEsEs tyuld&t diele Hha? LS KsRoFbiESRENE FSWGEFainliesé?ﬁFﬂﬁﬂ'
conprising_2-0-_a-0-g]ocosyl-L-ascorbi¢ acid in. a production vield of 35%
by el oht T3P HGREP SRS TU0Y (1 BBt bf Geaay e Eonenr b Bh deyiEta S SibyRleotie
purifying I i ol ut.ion. | e, the content. . ot
%ggLaﬁighg Q9C§1£EE é%%m%gE§HQﬂ§§§¥a Qﬁtﬁ Qggggbgﬁ%éﬁ%ﬁﬁTt” into

2-0-a-D—gFU oSy ascorbic aciCi 1'eéveel” of over on a dry

solid basys nfyslaldd 2l Agaphydr aipchushal ld nRgsfxa “Dldifo ¥hnbiAgcordy ©

acid fromthe resulting purified solution; collecting the resulting

preci pi t ated,8nRydrAUSvEhY Stk hg e 25 Q@ Uees ¥hel-, asgOR Bk Ct RE Ik o ek
agei ng and drying the coll ected anhydrous crystalline

2- 0- a- D- gkueon¥l chzasgonhikedagi th anethepthonal iyl put verézimer ibe fesuld iing
crystal .
a skin-whitening powder substantially free from causing coloration
or solidification even when stored for a relatively long period

of time. The product and compositions containing the same can

be used as an external dermatological agent for skin whitening.

As described above, since the particulate composition
containing anhydrous crystalline ascorbic acid 2-glucoside of the
present invention is significantly, hardly solidifiable compared
te conventicnally commercialized guasi-drug-grade powders as
materials for cosmetics, quasi-drugs, and food products, Lhe
particulate composzition has the merit that it is readily handleable
and substantially free from losing its satisfactory free-flowing
apilityasaparticulate compositionduringits storage, preservation,
or transportation. In spite of the fact that the particulate
composition containing anhydrous crystalline Z-glucoside of the

present invention is significantly, hardly solidifiable compared
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13. Thepr ocessof cl ai mL2, wher ei ni nt hest epof al | owi ng cycl onal t odextrin

gl ucanotransferase (CGlrase) and glucoanylase in this order to act on a

sol ution conprising anyl aceous substance and L-ascorbic acid to obtain a
solution. conprising 2-0- a -D-glucosyl-L-ascorbic acid, said CGlase being
allowed to act on the solution in conbination with a starch-debranching
enzyme. i conventioddl dh€sPrecessy s wndks, wheriel mdm ddie sy afo
puri fyi ngtheresul tingsol uti onconprising2-0- a -Dglucosyl-Lrascorbic acid
to increasgct-Bes60ntenpuole2-0f Bscdriglticosy -1-@iscardid: ac dHio leteyvelt of
over 86% by weight, on a dry solid basis, it contains a step of renoving
sacchari desabyncalie phwoaas agciaptiye usiog: anhhameors exchsy € or esidi, tiand: 1

si mul at ed- novi ng- bed col uim chr onat ogr aphy using a cati on-exchange resin as
a packi ngs=maper iial the productionlﬁrodm@ap$@@@s@$OxEngﬁwﬁhxgz@ukgqﬂ&pd&pﬁhe
step of purifyingtheresultingsolutionconprising2-0- a . L

- D- gl ucosyEpELabEonbPE Wesling Gricyiense t RECEBRteRf BR1D. olhg particulate

-D-gl ucosyl -L-ascorbic acid to a | evel of qver 86% by wejght, on ry, . .
sol i d basF8mMPPElLEdANaPAs LA PEF 6Nty é—ﬁ‘l’)’\%“r‘réO§a(]5’@ﬁart1%°e§‘dr}€”&@i‘ifwﬁ%aq" the

chvorel ograpty e 10,20, anlon; xchengs, cesiny A0 0L CHGT 09"APHY.,

using a s esin.
16. A powderous material for food products, which consists of said
anhydroug%éryéPgPFF edg-6-$§§ffﬁlﬁg%§yl-t-ascorbic acid of any one of

claims 1 to 9. Acgording %%'tﬁepg%ggéggsoﬁakﬁéiﬁk@@@ﬁtcﬂﬁﬁ@ﬁﬁﬁém,W@E@h

consi sts of said anhydrous crystalline 2-0-a-D-glucosyl-L-ascorbic acid of

any one of,:¢laiB  1et @cfposition of the present invention can be produced
from Le-ascorbic acid and amylaceous substance as materials by the
production process which does not differ from the production process
for producing conventional quasi-drug-grade powders in the steps
comprised therein. Therefore, the production process of the present
invention has the advantagecous merit that it produces asignificantly,
hardly solidifiabkle particulate composition containing anhydrous
crystalline ascorbic acid 2-glucoside compared with the conventional
guasi-drug-grade powders, with substantially the same period of
time, labor, production-facilities, and cost as those required for
producing such conventional powders.

According to the powderous materials for food products,
cosmetics, quasi-drugs, andpharmaceuticals of the present invention,
because they consist of the particulate composition having the
significantly, hardly solidifiable property, the following
advantageous merit can be obtained: There is no fear of causing

disturbance during material transportation, sieving, and mixing
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18. A powderous material for quasi-drugs, which consists of said anhydrous
crystalline 2-0- a -D-glucosyl -L-ascorbic acid of any one of clains 1 to 9.
19. A powderous material for pharnaceuticals, which consists of said

anhydrous crystal"1"ine 2-0- a -D-glucosyl-L-ascorbic acid of any one of
clainms 1 to 9.

even when used in production plants that are so designed, on the
premises, as to use materials having satisfactory free-flowing
ability.

further, since the particulate compeosition containing
anhydrous crystalline ascorbic acid Z2-glucoside of the present
invention can be easily prepared into the one having both particles
with a particle size of less than 150 um in an amount of 70% by
welght or more to the whole particulate composition and those with
a particle size of at least 53 pm but less than 150 um in an amount
of 40 to 60% by weight, it canbe used conventionally without altering
conventional production steps and material standards even when
used as materials for food products, cosmetics, guasi-drugs, and
pharmaceuticals. When the particulate composition containing
anhydrous crystalline ascorbic acid 2-glucoside of the present
invention is of the one which contains L-ascorbic acid and/or
D-glucose and has a reducing power of the whole particulate
composition being less than one percent, it attains the merit that,
although it is a particulate composition produced from Le-ascorbic
acid and amylaceous substance as materials, it is free of fear
of causing gualitly deteriocoration such as browning even when mixed
with other ingredients having amino group intramolecularly, such
as amine acids and proteins. In particular, when Lhe content of
L~ascorbicacidin the particulate composition containing anhydrous
crystalline ascerbic acid 2Z-glucoside of the present invention
is 0.1% by weight of lower, d.s.b., the particulate composition

per se is free of fear of being discolored with pale brown color
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even when stored alone for a relatively long peried of time, and
it can be used as a substantially uncolored, white powderous material
for foods, cosmetics, guasi~drugs, and pharmaceuticals.

Further, since the particulate composition contalning
anhydrous crystalline ascorbic acid 2-glucoside of the present
invention is significantly hardly solidifiabkle compared to
conventional quasi-drug-grade powders, il can be more easily
handleable than the conventional ones and used as a material for
food products, cosmetics, quasi-drugs, or pharmaceuticals in the
fields of food products, cosmetics, gquasi-drugs, pharmaceuticals,
feeds, baits, chemical products, and industrial products. The
production method of the particulate composition containing
anhydrous crystalline ascorbic acid Z-glucoside of the present
inventioncanbeusedas amethodof producing the same fromamylaceous
supstances and L-ascorbic acid, as natural materials, in a desired
amount and at a lesser cost 4in the fields of producing

starch-~saccharified products or vitamin derivatives.

While there has been describedwhat isat present considered

tobe the preferred embodiments of the invention, it will beundarstood

the various modifications may be made therein, and it is intended
to cover in the appended claims all such medifications as fall within

the true spirits and scope of the invention.
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CLAIMS:

1. A particulate composition comprising anhydrous
crystalline 2-0= a-~D-glucosyl-l-ascorbic acid, which comprises 2-0-
@ -D-glucosyl-L-ascorbic acid in an amount of over 88.0% by weight
but less than 99.9% by weight, on a dry solid basis; and has a degree
of crystallinity of 90% or higher for aphydrous crystalline Z-0-
@ ~D=-glucosyl-L-ascorbic acid, when calculated based on a profile
ofpowderx—raydiffractionanalyaisofsaidparticulatecompcﬂition.

2. A particulate composition comprising anhydrous
crystalline 2-0-@-P-glucosyl-l—ascorblc acid, which comprises 2=0~
o -D-glucosyl-L-ascorbic acid in an amount of over 98.0% by weight
but less than 99.9% by weight, on a dry solid basis; and has a dynamic
vapor sorption level of 0.01% or lower, when kept at 25C under a
relative humidity of 35% by weight for 12 hours after removal of
water in sald particulate composition under nitrogen gas stream.

3. A particulate composition comprising anhydrous
crystalline 2~Oucz—D—glucosyl—L—aﬁcorbjc:acid, which comprises 2-0-
@ -N-glucosyl-l-~ascorblc acid in an amount of over 98.0% by weight
but less than 99.9% by weight, on a dry solid basis; has a degree
of crystallinity of 90% or higher for anhydrous crystalline 2-0-
a -D-glucosyl~L-ascorbic acid, when caleulated based on a profile
ofpowd@rxmraydiffractionanalysiaofSaidparticulatecmmposition;
and contains particles with a particle size of less than 150 pm
in an amount of 70% by weight or higher to the whole particulate

composition, and those with & particle size of at least 53 pm but
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less than 150 pm in an amount of 40 to 60% by weight fo the whole
particulate composition.

4, A particulate composition comprising anhydrcous
crystalline 2-0-a -D-glucosyl-L-ascorbic, which comprises 2-0-
-D-glucosyl-L-ascorbic acid in an amount of over 98.0% by weight
but less than 99.9% by weight, on a dry solid basis; has a dynamic
vapor sorption level of 0.01% or lower, when kept at 25°C under a
relative humidity of 35% by weight for 12 hours after removal of
water in said particulate composition under nitrogen gas stream;
and contains particles with a particle size of less than 120 um
in an amount of 70% by weight or higher to the whole particulate
composition, and those with a particle size of at least 53 um but
less than 150 pm in an amount of 40 to 60% by welght to the wholie
particulate composition,

5. A particulate compesition comprising anhydrous
crystaliine 2-0- a-D-glucosyl-L~ascorbic acid, which comprises 2-0-
 -D-glucosyl-L=ascorbic acid in an amount of over 98.0% by weight
but less than 29.9% by weight, on a dry solid basis; has a degree
of crystallinity of 90% or higher for anhydrous crystalline 2-0-
@ -D-glucosyl-L-ascorbic acid, when calculated based on a profile
of powder X-ray diffraction analysis of saidparticulate composition;
contains L-ascorbic acid and/or D-glucose; and has a reducing power
of the whole particulate composition being less than one percent
by weight.

&, A particulate compeosition comprising anhydrous

crystalline 2-0-¢q -D-glucosyl-L~ascerkic acid, which comprises 2-0~
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a-D-glucosyl-L-ascorbic acid in an amount of aver 98.0% by waeight
but less than 99.9% by weight, on a dry solid basis; has a dynamic
vapor sorption level of 0.01% or lower, when kept at 25°C under a
relative humidity of 35% by weight fer 12 hours after removal of
water in said particulate compesition under nitrogen gas stream;
contains L-ascorbic aclid and/or D-glucose; and has a reducing power
of the whele particulate composition being less than one percent
by weight,

7. A particulate composziticon comprising anhydrous
cryatalline 2-C-a-D-glucosyl-L-ascorbic acid, which comprises 2-0-
 «D=glucosyl-L-ascorbic acid in an amount of over 98.0% by weight
put less than 99.9% by weight, on a dry sclid basis; has a degree
of crystallinity of 90% or higher for anhydrous crystalline 2-0-
a-D-glucosyl-L-ascorbic acid, when calculated based on a profile
of powder X-ray diffraction analysis of said particulate composition;
contains particles with a particle size of less than 150 um in an
ameunt of 70% by weight or more to the whole particulate composition,
and those with a particle size of at least 53 pm but less than 150
um in an amount of 40 to 60% by welght to the whole particulate
composition; contains L-ascorbic acld and/or D-gluccse; and has
a reducing power of the whole particulate composition being less
than one percent by weight.

. A particulate composition comprising anhydrous
crystalline 2-0-a-D-glucosyl~L~ascorbic acid, which comprises 2-0-
-D-glucosyl~L-ascorbic acid in an amount of over 98.0% by welght

but less than 99.9% by weight, on a dry solid basis; has a dynamic
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vapor sorption level of 0.01% or lower, when kept at 25C under a
relative humidity of 35% by weight for 12 hours after removal of
water in said particulate composition under nitrogen gas stream;
contains particles with a particle size of less than 150 pm in an
amount of 70% by weight or more Lo the whole particulate compesition,
and those with a particle size of at least 53 pm but less than 150
um in an amount of 40 to 60% by weight to the whole particulate
composition; contains Le-ascorbic acid and/ox D-glucose; and has
a reducing power of the whole particulate composition being less
than one percent by weight.

9. A particulate composition comprising anhydrous
crystalline 2-0-a-D-glucosyl-L-ascorbic acid, which comprises 2-0-
@ -D-glucosyl-L~ascorbic acid in an amount of over 98.0% by weight
but less than 22.9% by weight, on a dry sclid basis; has a degree
of crystallinity of 90% or higher for anhydrous crystalline Z-0-
@ -D-glucosyl-L-ascorbic acid, when calculated based on a profile
of powder X-ray diffraction analysis of saidparticulate composition;?
contains particles with a particle size of less than 150 pm in an
amount of 70% by welght or more to the whole particulate compesition,
and those with a particle size of at least 53 um but less than 150
um in an amount of 40 to 60% by welght te the whole particulate
composition; contains L-ascorbicacidand/or D-glucose; has a reducing
power of the whole particulate compositionbeing less than oneg percent
by weight; and has a dynamic vapor sorption level of 0.01% or lower,
when kept at 25°C under a relative humidity of 35% by weight for

12 hours after removal of water in saild particulate composition
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under nitrogen gas stream.

10. ‘The particulate composition comprising anhydrous
crystalline 2-0-a-D=glucosyl-L-ascorbic acid of any one of claims
i to 9, wherein the content of lL-ascorbic acid is 0.1% by welght
or lower, on a dry solid basis.

11. The particulate composition comprising anhydrous
crystalline 2-0-a~D-glucosyl-L-ascorbic aclid of any one of claims
1 toe 9, which is prepared from a solution comprising Z-0- «
-D-glucoayl-li-ascorbic acld obtainable through a step of alleowing
cyclomaltodextrin glucanotransferase (CGETase) to act on a solution
containing L-ascorbic acid and amylaceous substance.

12. A process for producing a particulate composition
comprising anhydrous crystalline 2-0- @ -D=glucosyl-L-ascorbic acid
of any one of claims 1 to 9, sald process comprising the steps of:

allowing cyclomaltodextrin  glucanotransferase and
glucoamylasejjithisorder1H3actcnlasolutim1cmmprisingamylaceous
substance and L-ascorbic acid to obtain a solution comprising 2-0-
@ -D-glucosyl-L-ascorbic acid in a production yield of 35% by weilght
or higher of 2-0-qa-D-glucosyl-L-ascorbic acid;

purifying the resulting solution to increase the content
of 2«0~ q-D-glucosyl-l-ascorbic acid to a level of over 86% by weight,
on a dry solid basis;

crystallizing anhydrous crystalline 2o €
~D-glucosyl-L-ascorbic acid from the resulting purified solution;

collecting the resulting precipitated  anhydrous

crystalline 2-0-q-D-glucosyl-L-ascorbic acid; and
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ageing and drying the collected anhydrous crystalline
2=0= @ ~D-glucosyl-L-ascorbic acid and coptionally pulverizing the
resulting crystal.

13. Theprecessofclaiml?, whereininthe stepofallowing
cyclomaltodextrin glucanotransferase (CGTase) and gluccamylase in
this order to act on a seolution comprising amylaceous substance
and L-ascorbic acid to obtain a solution comprising 2-0- «
-P-glucosyl-L-ascorbic acid, sald CGTase being allowed to act on
the soluticn in combination with a starch-debranching enzyme.

14. The process of claim 12, wherein in the step of

purifying Lhe reaulting solukion comprising 2-0- o
-D-glucosyl-lL-ascorbic acid to increase the content of Z2-0- «

-D-glucosyl-L-ascorbic aclid to a level of over 86% by weight, on
a dry solid basis, it contains a step of removing saccharides by
column chromatography using an  anion-exchange resin, and
simulated-moving-baed column chromatography using a cation-exchange
resin as a packing meterial.

15, The process of claim 12, wherein in the step of
purifying the rasulting solution comprising 2 (e «
~D=glucosyl~L-ascorbic acid to increase the content of 2-0- o
~D-glucosyl-L—ascorbic acid to a level of over 86% by weight, on
a dry solid basis, 1t contains a step of removing saccharides by
column chromatography using an anion-exchange resin, and column
chromatography using a strong-acid cation-exchange resin or a porous
resin.

16. Apowderousmaterial for foedproducts, whichconsiats
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of said anhydrous crystalline 2-0-a-D-glucosyl-L-ascorbic acid of
any one of glaims 1 to 9.

17. A powderous material for cosmetics, which consists
of sald anhydrous crystalline 2«-0-q@-D-glucosyl-L-ascorbic acld of
any one of claims 1 Lo 9.

18, Apowderousmaterial forguasi-drugs, whichconsists
of saild anhydrous crystalline 2-0-«-D-glucosyl-L-ascorbic acid
of any one of claims 1 to 9.

19. A powderous material for pharmaceuticals, which
consistsof saidanhydrouscrystalling2-0-a~D~glucosyl-L-ascorbic

acid of any one of claims 1 to 9.
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