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noncrystalline concentrated solute mixture during the heat
treatment. The second scans thus provided information on the
physical changes during the postfreeze heat treatment. Some
thermograms also showed smaller heat flow changes at lower
temperatures (e.g., —60°C to —45°C). These transitions, often
referred to as “real” glass transitions, were outside of the main
topic in this study.®’

The transition temperatures (7%'s) of aqueous frozen solu-
tions containing various concentration ratios of myo-inositol
and dextran 40,000 (total: 100 mg/ml) were obtained from
heating scans before and after heat treatment at —5°C for 3, 30,
and 480 min, or —20°C for 480 min (Fig. 2). The myo-inositol
crystallization exotherm was not observed in the faster heat-
ing scans (5°C/min).* The multisolute frozen solutions showed
single or double T}’ transitions at temperatures between those
of the single-solute myo-inositol and dextran frozen solutions.
Single T’ transitions were observed in the heating scans of
the dextran rich to intermediate concentration ratio frozen so-
lutions both before and after the heat treatments. A linear
shift of the transition temperature that depended on the solute
concentration ratios strongly suggested the mixing of freeze-
concentrated solutes. Some frozen solutions containing higher
mass ratio of inositol showed single broad transitions that sug-
gest incomplete mixing of the solutes. A short heat treatment
(—=5°C, 3 min) of some inositol-rich frozen solutions induced two
T,' transitions that suggested physical changes in the inositol-
dominant (lower T,') and solute mixture (higher Ty') freeze-
concentrated noncrystalline phases, as reportedly observed for
some disaccharide and dextran solutions.*® Longer heat treat-
ment (30 min) of these frozen solutions induced crystallization
of myo-inositol, which resulted in amorphous dextran in the re-
maining concentrated phase (T,": approximately —15'C). The
transition temperature profiles suggest up to 1:1 mass ratio
of myo-inositol and dextran in the amorphous mixture concen-
trated phase. Myo-inositol crystallization was observed at wider
concentration ratios upon further heat treatment of the frozen
solutions (—5°C, 480 min). Heat treatment of the inositol-rich
frozen solution at a lower temperature also induced crystalliza-
tion of myo-inositol (-20°C, 480 min).

The suggested solute phase separation and crystallization
processes were further studied. Figure 3 shows derivative ther-
mograms of the inositol-rich (100 mg/mL myo-inositol and 20
mg/mL dextran 40,000) and the dextran-rich (20 mg/mL myo-
inositol and 100 mg/mL dextran 40,000) frozen solutions ob-
tained in the first heating scan and second scans (5°C/min)
after varied periods of heat treatments at —10°C or —5°C.
The inositol-rich frozen solutions showed a broad peak that
indicated heat flow changes at T, (approximately —31°C)
in the first scan and second scans after a short heat treat-
ment (1 min). The T, transition split in longer heat treat-
ments (10 and 20 min). The absence of these peaks and
the appearance of a small peak at the dextran T, (-14°C)
indicated crystallization of myo-inositol that left amorphous
dextran upon further heat treatment (>30 min) of the frozen
solutions. Heat treatment of the frozen solution at higher tem-
perature (—5°C) also induced the T’ splitting (1-7 min) and
myo-inositol crystallization (>10 min) (data not shown). The
change clearly indicated phase separation of the solutes be-
fore the myo-inositol crystallization in the inositol-rich frozen
solutions. Contrarily, the heat treatments did not apparently
alter the single sharp transition of the dextran-rich frozen
solutions.

DO 10.1002/jps.24038

2141

15 @ . First scan
@
25 @ ®
¢ o ® ® o
-35 ®
L]
-45 1 i 1
15 @ Second scan
® o HT -5°C, 3 min
- e
25 ° o 4 o o o
-35 ® e |
-45
15 @
15 § o ] -] i i
—~ d [:]
QO -25 ® e
235 |
HT ~5°C, 30 min
-45 ] . . . i
-15 ¢ o e ¢ © & ©
® o &
25 b
=35 |
HT -5°C, 480 min
45 5 " .
-15 ¢ e o &
® L]
N )
-25 o 4
-35 b
HT —-20°C, 480 min
-45 . : . .
0 20 40 60 80 100

Myo-Inositol (mg/mL)

Figure 2. Transition temperature (Ty) profiles of frozen solutions
containing varied concentration ratios of myo-inositol and dextran
40,000 (total 100 mg/mL, 10 1 L) obtained in the first or second heating
scan after heat treatment at —5°C for 3, 30, and 480 min, or at —20°C
for 480 min. Symbols indicate first (lower temperature, ¢) and second
(o) transitions (n = 3, average + SD).

Figure 4 shows the Ty's of the frozen solutions containing
lower total solute concentration myo-inositol and dextran mix-
tures (50 mg/mL). The transitions obtained before and after
the heat treatments indicated phase separation (T’ splitting)
and myo-inositol crystallization (large T}’ shift) over the con-
centration ratio ranges similar to those of the higher total so-
lute concentration solutions (100 mg/mL; Fig. 2). Some of these
frozen solutions showed less clear T’ transitions because of
the smaller heat flow changes. These results suggest larger
contributions of the solute concentration ratio rather than the
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The effects of heat treatment on phase behavior and myo-
inositol crystallization were also studied in the frozen myo-
inositol solutions with glucose or rHA (Figs. 5 and 6). The
frozen solutions containing various concentration ratios of myo-
inositol and glucose showed linear T, shifts between those
of the two components in the first heating scans, which sug-
gested mixing of the freeze-concentrated amorphous solute
molecules at the wide concentration ratio. Heat treatment of
an inositol-dominant frozen solution (90 mg/mL myo-inositol
and 10 mg/mL dextran 40,000) at —5°C induced a broad T’
transition (3 min) and inositol crystallization (30 min). Other
frozen solutions showed slight shift of the single transitions in
the second scans.
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Figure 5. Transition temperature (Ty') profiles of frozen solutions
containing varied concentration ratios of myo-inositol and glucose (to-
tal: 100 mg/mL, 10 p L) obtained in heating scans (5°C/min from —70°C)
before or after heat treatment at —5°C for 3 or 30 min (n = 3, average
=+ SD).

Figure 6 shows T’ profiles of frozen solutions containing var-
ious concentration ratios of myo-inositol and rHA obtained in
the first heating scan and second scans after heat treatment at
—5°C (3 min) or —20°C (480 min, total 100 mg/mL). The appar-
ent T}’ transition was not observed in the thermograms of the
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Figure 6. Transition temperature (Ty') profiles of frozen solutions
containing varied concentration ratios of myo-inositol and rHA (total:
100 mg/mL, 10 uL) obtained in the heating scans (5 C/min from —70°C)
before or after heat treatment at —5°C for 3 min or at —20"C for 480
min (n = 3, average + SD).

single-solute rHA and some rHA-rich mixture frozen solutions.?
Gradual shift of the thermograms from approximately —25°C
suggested noncrystalline states of the freeze-concentrated so-
lutes. Some inositol-rich mixture with rHA showed single broad
T, transitions that covered approximately —40°C to —30°C af-
ter ashort heat treatment at —5°C (3 min, data not shown), sug-
gesting overlapping transitions of the inositol-dominant and
solute mixture phases. The T, transition disappeared upon
longer heat treatments of some inositol-dominant frozen solu-
tions, presumably because of the myo-inositol crystallization
before the second heating scan.

The effect of myo-inositol crystallization was also studied in
more complex solute systems. Figure 7 shows Ty's profiles of
frozen solutions containing varied concentration ratios of su-
crose and dextran 40,000 (total 20 mg/mL) with or without a
fixed concentration of myo-inositol (80 mg/mL) obtained before
(a) and after heat treatment at —5°C for 30 min (b). The su-
crose and dextran mixture frozen solutions showed single tran-
sitions at temperatures that shift depending on their concen-
tration ratios both before and after heat treatments. Larger T}’
deviations in some heat-treated sucrose-rich frozen mixture so-
lutions suggested overlapping transitions of coexisting freeze-
concentrated sucrose-dominant and solute mixture phases.*
The addition of myo-inositol to the dextran and sucrose sys-
tem apparently lowered the transition temperatures obtained
in the first heating scan. Heat treatment of the ternary-solute
frozen solutions apparently altered their physical properties.
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Figure 7. Transition temperature (Ty') profiles of frozen solutions
containing varied concentrations of dextran and trehalose (total: 20
mg/mL, 10 pL) with (blue)or without(orange) myo-inositol (80 mg/mL)
obtained in heating scans (5°C/min from —70°C) before (a)and after(b)
freeze heat treatment at —5°C for 30 min. Symbols indicate first (lower
temperature, o) and second (o) transitions (n = 3, average + SD).

The resulting T, observed close to those of the sucrose and
dextran mixture frozen solutions suggested highly crystallized
myo-inositol, leaving other solutes in the remaining amorphous
phase.

DISCUSSION

This study showed the relevance of solute miscibility on so-
lute crystallization in frozen solutions. Postfreeze heat treat-
ment induced amorphous—amorphous phase separation of a
concentrated myo-inositol and dextran 40,000 mixture into the
inositol-dominant (lower T;') and solute mixture (higher T¢')
phases as well as subsequent crystallization of myo-inositol in
the inositol-rich frozen solutions. The observed phase separa-
tion was similar to those in some disaccharide and polymer
systems.*> Some dextran-rich frozen solutions, in contrast, re-
tained amorphous mixtures during the heat treatment.

The solute mixing states should affect nucleation process
of the myo-inositol crystallization. Freezing the aqueous solu-
tions in aluminum DSC cells rapidly concentrate the multiple
solutes into supercooled solutions surrounding ice crystals.!!
Myo-inositol and dextran molecules are concentrated in the
amorphous mixture phase at wide concentration ratio ranges,
whereas some frozen solutions suggested their incomplete
mixing in the first heating scans. The solute molecules are
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kinetically frozen in the highly viscous solution at a temper-
ature below the T;'. The increasing molecular mobility during
the heat treatment separates the inositol-rich freeze concen-
trate into the inositol-dominant and solute mixture phases.*>46
The significantly reduced heteromolecular interactions in the
inositol-dominant phase should allow spatially ordered assem-
bly of the myo-inositol molecules (nucleation). Subsequent crys-
tal growth should involve molecules in the solute mixture phase
because of the large driving force toward a thermodynami-
cally stable state. In contrast, the heterocomponent interac-
tions (e.g., hydrogen bonding), reduced molecular mobility, and
steric hindrance in the solute mixture phase should perturb the
myo-inositol nucleation. The observed high crystallinity of myo-
inositol after heat treatment suggests a limited effect of the
heteromolecular interaction for prevention of crystal growth.

The relevance of solute miscibility on the myo-inositol crys-
tallization was also indicated in the systems containing other
cosolutes or lower total concentration dextran and myo-inositol.
The greater miscibility of myo-inositol with glucose, a con-
stituent unit of dextran, and their molecular interactions
therein should explain its preventive effect on myo-inositol
crystallization at wide concentration ratios. The low Tg's of
the myo-inositol and glucose mixture system suggested a lim-
ited contribution of molecular mobility to prevent crystalliza-
tion of myo-inositol during heat treatment. The significance of
solute miscibility on component crystallization in frozen so-
lutions was reported in some binary polymer systems that
separate during the freezing process.?” Only certain polymer
combinations, including PEG and polysaccharides, show the
freeze-concentration-induced phase separation because the
concomitantly increasing viscosity significantly reduces the so-
lute mobility at lower temperatures. Larger numbers of for-
mulation ingredients would experience amorphous—amorphous
phase separation upon postfreeze heat treatment because of
their already highly concentrated mixtures.

Observation of both the amorphous—amorphous solute phase
separation and crystallization in a single system should be
attributed to the moderate crystallization propensity of myo-
inositol. Many other systems show no or only one of these
phenomena in practical time scales for analysis because the
solutes crystallize too fast or too slowly. Some solutes (e.g.,
mannitol) should crystallize during the ice growth and/or si-
multaneously with the phase separation rather than after the
apparent amorphous—amorphous phase separation because of
their nucleation from smaller clusters. Some disaccharide (e.g.,
trehalose) and polymer systems show clear phase separation
during freeze concentration but take much longer to crystallize
in readily detectable levels.?! The heat treatment temperature
should also affect the balance of phase separation, nucleation,
and crystal growth speeds. Various factors, including the pro-
tein structure, local pH, compositions of other solutes, and ther-
mal history would also affect the miscibility of ingredients and
their crystallization in frozen solutions.

Information on the miscibility of freeze-concentrated solutes
should be useful for the design of formulations with amorphous
(e.g., trehalose and lactose) or crystalline (e.g., mannitol) in-
gredients in freeze-dried solids. Stabilization of proteins and li-
posomes against lyophilization-induced stresses requires their
mixing in the same amorphous phase that provides stabilizing
interactions (water substitution) and reduced molecular mo-
bility (glass embedding).8%1%1820 The suggested amorphous—
amorphous phase separation may not directly damage nor
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deprive the disaccharides of the stabilizing effect from this
aspect. However, excess stabilizer above the critical mixing
concentration ratios should increase the risk of their crystal-
lization and resulting loss of the stabilizing effects. Miscibility
information would be particularly valuable for improving the
physical stability of amorphous mixture systems containing
some slowly crystallizing APIs and excipients (e.g., trehalose
and lactose). Optimizing formulations to avoid very slow crys-
tallization events by performing experiments over long time
scales is not practical in product development. Improving meth-
ods for detection of solute miscibility, particularly in protein-
containing frozen solutions, should increase the significance of
the information obtained from experiments. How amorphous—
amorphous phase separation in frozen solutions affects the
physical properties of freeze-dried solids should be an intrigu-
ing topic for further study.

Some bulking agents (e.g., mannitol and glycine) and APIs
are freeze dried in their crystalline states to achieve faster
ice sublimation at higher product temperatures and to obtain
physically stable formulations. Formulation design and pro-
cess optimization that induce complete crystallization of the
particular ingredients should increase the robustness of their
formulations. In addition to formulation optimization, appro-
priate process design for control of product temperatures dur-
ing freeze-drying and storage should ensure that the targeted
component miscibility and crystallization profiles of the formu-
lations are achieved.

CONCLUSION

This study showed the large contribution of solute miscibil-
ity on crystallization of components in pharmaceutically rel-
evant multisolute frozen solutions. Heat treatment of frozen
solutions containing dextran 40,000 and larger mass ratios
of myo-inositol induced crystallization of myo-inositol after
amorphous—amorphous phase separation of the concentrated
solutes. Mixing of dextran-rich freeze-concentrated solutes
maintains them in amorphous states even at higher temper-
atures. Information on solute miscibility should assist in con-
trol of solute crystallization through formulation and process
design.
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Effect of Shaking on the Emitted Dose of Reservoir Dry Powder Inhaler
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The emitted dose and mass median aerodynamic diameter of active ingredients from dry powder inhaler (DPI) are
reported to be affected by the type of device, procedure and the inhalation flow rate of the patients. The purpose of this
study was to clarify the effect of device shaking on the emitted dose of active ingredient from reservoir DPI by using
Dosage Unite Sampling Apparatus (DUSA). A procaterol hydrochloride (PH) -containing DPI, Meptin® Clickhaler®,
was used as a model DPI requiring shaking before use. After shaking by 7 test collaborators following the patient
instructions, the amount of PH emitted into the DUSA using a vacuum pump was determined by high-performance
liquid chromatography. Without device shaking, the emitted dose of PH was markedly low and varied widely, and
the result suggested that device shaking was prerequisite for the efficient emission of active ingredient from DPI. The
amount of PH emitted after shaking of the device varied largely between 7 test collaborators, while their averages
were more than 80% of the labeled amount. In one collaborator, the ratio of emitted dose varied up to 30% among 4
experiences. Tapping the device before use also enabled the efficient emission of PH. Smaller particles were observed in
Meptin® Clickhaler® compared to those in other reservoir DPIs that do not require shaking may explain the importance
of shaking before use. These results confirmed the relevance of advice including the shaking methods by health-care
personnel for appropriate use of the DPI formulations.

Key words ——— reservoir dry powder inhaler, shaking, emitted dose, procaterol hydrochloride
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B  A HBAE®, ¢ MINRD, BURY,  HEREEEY
T EEHP O A F YA VIE, B & O O3
APEEN TS, WHUEREROLIE/ ST A —F —
DR T, SRR S R T ER L

ENBHW,

Lemetais B1{&, 73 BEESaccharomyces cerevisiae(S.

cerevisiae) DZEF MG A M L 220 5 4o & Wige
A0NBDERIEERE LT\ b, BB ICFHV-HIIEE (PM)
FEOERBOLEFEIMENT &0, SEERFEORHERE
{LASERENETOREA L F 2 o5, Brinkhous
573 e MM E 23~26C DEMICIRE T A2 Lk Y,
BEJRIDRII L T B MVMREESEE T von Willebrand
BT (PAF/VYWE) H/MMZ B ROSE &ML, FERED
FENTWze AT, PFANWEOESSEED S b 1L
ABULTRENG L BT 5 2 LM S e, b
R, D SV IdEER s NIV MEE RED b
DTH o7z, Fellowes B8, [CIHHE (FMDV) 7 £ )L A
W39 B RFIHUFIC DWW T, M LETOERERL 1T
AR OBGEEEAS 2 DA IR L, EETRED
Lz, P 23T 30% RHIC LSRRG L TR L
7o EHI3TC T8 E TR L CORETH Y, HiiE
JREMEL D DRETH D &AW ool BHFIEHRITI
BRTH 7 & BTEOG RBAEY ORI RS —RIICAN S
NTWBD, BWVEEBIEME a2 P REE 2o TE&
Champagne 591&, Lactobacillus rhanmosus (L. rhamnosus)
Re Lactobacillus plantarum (L. plantarum) 72 & Z B O
BN D W T ZRRREREOEEL & #~, BT
WA L 70228 (<5% RH) 1Z90L/hr THERE L, RiIGM:Z H)
95 220 F 0 A OBBAEHOFET, SR
TG BINESR & & /20 L. plantariom & L. rhamnosus 358
ZHETFERIZENENTS%, T0% TH Y, FIULHuEEE
BRICEIE SN TR0 TH B,

(2) EZRsiE

B2 ORISR TR OB ICH D, Bl
WCFG N A o BEIE S & 00 SR L R BB L 7o REIRASTT
B %o Tvi%e EJTR50~100mbarfEBE & TTF IS &
L&D, RGTEIER L CORBRE RS, JOWLESE
T, BRICEVIE ORI BT 2 RS TRE L
bo —NT, BIEHHNIIX - THEL %3 % HE#T 5
FRIZRIRDE LY ) 2 SRS EE 2B

BBV EEER L ) DRI A M2 I e, EE
SETELARKOEIBIZA LI TWBI, Foerst
57 215C, 15mbar C22ME M O B ZEW IR L o THE
L 7zLactobacillus paracasei (L. paracasei) F197% &, &k
DF HWEY O ME R T WS, gL L
paracasei \LTFEAETERCOWRE LFBZ, 4CTT3HH
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OEFPISEE A ERNEILERET,
B0 ERRIC, BRI K o TS L Mo
RGO MEEFERIE, FUEWERIC & o TR U /o Uk
L0 D o 7o Conrad 52 ld Lactobacillus acidophilus
(L. acidophilus) DR EVEZ T AE T FLZEEIR O TR T~
72 L. acidophilus \Z 92 5E AL & N 2§12 2R, 85mTorr
T4 B MERT A EAEWERIZI% TH oA, PLa
= ADENMNI X o T38% F TLA L7z, Rossib?M i,
SESE Y HOFEE T TR L o HIBREESE
EcoRINEELZTHEL TV b, wHT<EZ &IZ, b
Lot — ZFFCIE6CTIHHE, 45C TI2HA MR L
THREP B D72, BRI Uritani 5214,
AFAET TOREEGEREIZ LY, Hindll, EcoRl, BamHI
Lo HIBREERRENLTED I EMEL TV S,

O EESHER

PLoNTT—

@BER(TFH—LFT1)

BREIR (T o — & KT A )E, B e BRI TSR LA
IR T AR T U LA TH L, COTRIE, WET
LB BEEOWE Ezidigib s, o R s
(TR L =2 a ) Fabxdsih, BELAMEC
Pt oBEE SN (K2). BRI L S
MT 2 720, EEEVREHMILEE Sb. o
DL T T T AL T OHGEREE: S BUE S v, A
T L —RERRC SR & R ) (RIEER OB TR
I RATEIRA I (15~25C) IR s s /20, EiRe
FEBLUTAMIZLIBA ML AZFITICWE SR,
LSRR N A A EIEFHOEIEA~OTEHATHHE SN T
"

B3, AT, {@REIRIEACE PREEEOMEE TR 720,

HBEFM AN HSBH T RARTET T 5,
(AQFEB 7 0 2 ogd, BERKETIZBT 28RO

B2 asR(A) &EEEEB) TES hBE0IE
MBI F 7 ATHHERNTY21atk £25% > a 4%, 25mMY » B
k) A% &L (E0Ohtake 552 X %),

i &, EIICHE RSB EREERICH B0 B, 3
SRR WU B IR EOREFEETH Y
WEAHT EL L BERDP SO E TIENREEIC L A1
DR IEDFEE LT v BHIHEINET ECTLi1
BALAE SN, BHEAT Y —REL->TLE D, En
P 2 AR T v U N E R IR T 2
HIEWX-T, 7O AREEOH EFTREE S5,
CREMHICA T, SRR oR#ED, S RaE
B & BRI IR O ARIEIZ BT B34 F EHRoGEIC K &
BB ES 2 DI LB SN T D, FEER 2
DERIENZAGEEIR A OBE L EL L TB Y, HERR
VA=, KU —RREEER L S E SN b.
=0T, SRR TSI R IR (F Y EF - 3

P EERSI A L, Mo T A hv—# 2
FLACIBEESNS, X CTHEER T, SEERIcl

RTEFEOLFREEAVN S Wiow, B UMK TY
IKOBFE RGBS B EHEZ LN TVED, T/,
AR TEIET 5 0 & T4 LYV 2 CRESAE 21T
TERLBITIE, EBEOTRERIOEAPBLELRD
I Bo WEEIRENTNA A 0T h VRBEOREFREME
BB WEEZONTHD, flE LT, /85470
LW A L A DFGEEERER A T L — ¥R F 25C T20
BRFES S L 1Llog/week™ R ED ¥ 4 & —AHEZ B D
2L, ESIRTIZ0.73 log/weekSD ¥ A ¥ — il AR
ENTWBH, F 78k U7F nlarensis (B 5UHH) <
iF, 25CHEE(12A)BD 5 4§ —HH 1Llogll TTH Y,
WA (2 ~8T) Tk 4 & B IZERIEMEA b il
BWIEDTREENTWEY, FRICH LT, BEE
ENICF wlarensis LVSIZE B &4 T CL2E M I3
% &, Blogur F LN EOEWE T A& 5 41729,
Vivotif™ (HURS RS, BF 7 AWM 7 7 F ) 1d37TC,
BT TENZNI2EH, 2:HMTHL0IM L, (BEEkE
B N7 Ty2laV 7 F 2 1E37C, 25T TEN-FN48ELLE,
2P ERWEEREFRT I ERE SR T RB TS
LSEMEE LOBE & LT, (BREECIEE Ao L R HERT
BB NI &k R RIRESMG ORI L 2KE
OO BLBEASTRIE S LTV B0 5, (BB IR AR S
TNT 7oA — T v 7% SRR R EBREL SV, %
FEMMERICE R ZEREE LCERENTW S,
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(4) BER R RIARCLR
I R (SC) FA713 LAY L 3 B IR0 Utk & ¥ o

7o BEWEOI s EOY LSBT ORERER
FEaWHE LTHREINTEL, MH 72Tl
B FLBEE (Te=3117T) & MBI DR L, 1
R B LR BEOFERAPTE DL LR E N T3, B
RIOBIERFBIEAFOES SH0Eelt, Ko X b
EWVo 2B OFEND B Tz, WML EEE TOMRE
AHEETH Y, BREGTREICESD, BlE0d S
BHEMEE L EOFELET 5.

SCFz v/ O OB PHE S LT b,
SCF-3CiR BIm§5 828 (SCF-assisted nebulization drying
(SAND)) T, & » /%7 BBFIISCFTA 7' L —§ig
END, BEOMAZ BEMRATL—EETo X
THWLNS LDOLFEFETH DA, WIRYZDMRDY I
SCEFAMfibins, i Foy 7Ly b (BN ho
R OLRS X 0BRSS, 2 UM TR 5
The Favy 7Ly bdo@famy v /37 HEEIESCr
I EN, Fo N HEEOCT I AREDOTELT 7
A BAEBTE R S B COSE % E W 7 (COsassisted
nebulization (CAN)) (213, BEROE (EFE 8 ~
10MPa) & GEHR20~50T D) TF ¥ 237 BEw
WCO:A BB L TCHEBTHEV) T APEITN G,
FOBICHESE SNETE, TR R oMERITK
FIENBITT AR L, BERZT O VL E AR
5o BFHEOBRTCOMWERT HBEIZ, FovrLy b
HE DM R, FOT B L > TR
ENT, v 70 A XORTHELNLDOTH D, 2
IhH, ZO7OEATIECONT Y 87 HE BT 572
DOPBEE L THWS 20T RL, &L, #@F
DATL—FI14 L) SRR TOEEIFEE TS0
DT AV NALERFDWEBH & LTHY O S, 207
W, OB ARG M R T B oA
Tdh B,

Bl 70 A Cd B FBER FRHLIE I (supercritical anti-
solvent (SAS)) 7't A TlL, & »o3o B % pkT-
(7 b= A~ a V)TAHRNISCRERAL, T0fk
ICRAIELEMT CRET 2%, I Ok ¢SCRIE, ¥
PR EOLERT ERITIEE L LTHYbNE,
Ao rWRg-FERNY TS DT/ HEHNIET
A 7 WRITFVEROBME FIC B, DM X &
PEAER D EHRE IR TWA, SASTOLRE, &

FRICIBIED & DEDHRMET I AF v 228 sy Hodk
I & B 8 2T HEH BT OEES~ORFEH O HA
SENTVEH, HESNCTHBHET ROy > 237 BHo
o NRHUIIER D 7% <, WEERRe F >Ny B HNC Y
LIV, SCFOBHERM LA TR LT,
f1tZ, Solution  Enhanced Dispersion Supercritical Auid
(SEDS) ¥, BRIt 4 2t iEE (Rapid Expansion of
Supercritical Solutions : RESS) %, 7 AfaHI - MRS B
% (Particle from Gas Saturated Solutions : PGSS) %@ %
D= F A IS5,

SCF¥EIEA Y /3y H R & R BUT 28
DV TOWFEHREIZTCRLN TS, KEFMISBIT
WG R EMBD 7 Al IHBETHA ML AL E BT,
TEIEZ ESCRE A DA ML AL, & /80 HOZR
SEMEVCRBE S RUTT 2 EAEE SN, AT, @il
FRAT WL SIS HERE L e v &, CODERIZ & 2%
I EBEWOpHE R T S ¥ L2k A, 2512, SCF
EBWTY XN HOBRELHO B0 FMENs
HREEEL, BEOBR LR 2Tk H 5%, 7
HYADA— VT v 7%, TNHOSCF 7t A 23k
WIS TH D, SCFEHME LA 500
%, Shethd OBFH AR S L/,

(B) w1 U LIRER

A U E RO, Y R
LK ECRL D, BIROEESL LT THlE OBIRE
WD & &, G R R AR O PIER A 5 25
AR % HH E T 2 MEIC L > THIRES 5.
AL, RSP RT RoMmENS & ) BF S50
AOEFITHL A D, EIREEITE SN D, FhTh
BEIRAX PR K AS T B9 B IS & o THIBR &
Bo E7z, WEMASEL IO TKDUBRMAIEY, &
B L < B 2w, BENMIZ AT B (2 AL ORI
THBEESND) o o

T4y T ENE SR SRR 5, B ROP
BRI L7 T R L — S AR S U (RB) o <
A4 2 TP AN F IR R ORGSR A F
LS I, MEASER A NS, SO0, RS
OIREFFEILCHERIC I D RA AT S, w1 700k
IZERBIG A~ bV o—FTH Y, 300MHz & 300GHz
DD Do —IRDEIR 7 T 1 A3 TF ORI
E b, WIRETEY SR B (245GHz) O 1
Y OENHC SN D,
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& 100 —@— Air drying
- ~O~ Microwave drying
£ 80
€
£
=
g 60
g
g
£ 40
2
i
& 20
0 T
[ 50 100 150 200
Time (min}
(8 60
o 0"'0""0"'0"'0"“0"'°"-»0..\0~,0
50 [
o
S 40
2
&
8
g 30
15}
i
20 —@— Air drying
~O- Microwave drying
10
0 50 100 150 200
Time{min)
3 BREBLTAIORZRICSTIEGEODKRFEN) &
HFERE (B) DELH

Li& Ramaswamy D440 5

THEM~A4 7 aEEgEBi#Eod & LT, Linn High

Industrial Microwave Systems® 72 &E3HIFH N5, &%
o~ A4 7 ajz Bomgiili s BueomIanhtny

TEMNH DN, v A 7 DEOEHBEIEEINTLEAT
HY, wHILER RN~ A 7 aiofladbeis
E D FBPIR R v A T OFEERITBY L T EmRgE R
PEREEN TV, BRENAAROGE LKz XL S
PSRRI, SRR LB IZIFRE L b, £
2, A 7 ORISR A EREAT, BEEEW, (KT
0 fth, S F EF RS FEIEEY OWRA~OIGH
RS STV,

< 4 r ERIRO BTSN OIS 5, B

B G TRT 5 5. L Ladds, KRGEIMED
THEWRFOEERERI, w4 7 aEm#erHuws
EEBFENTE R Ve LA, TOLADBRPECERE
TS O, EE OEE S AR VB RET
BEDHNATY y FEEROBEEEROZI L), <4 7 aj
TR T, BAERRO S o v EifE s BElENI
Lo TMBIEOMEF T TH Y, B, BELL, #

Therm GmbH*® % Thermex Thermatron?’, EnWave!?,

SRR E LT, /A Y, HpRAEL, B, R, o-—e—,

DINBEE R B LB H R A2 B TEIR TR Y,

L CIEMELR 7a 2 AHH» T TCHh D, w4 7 aiz
WA I EID K D BRI BT REE BB AT
FERIE~ A 7 QEBOFHIEIRE 2T AL &
B QAR RBES AR SR — L % 5%, MAT, &F
HBIZRGEPED TEWIEOEEIEE L Tk,
FOizd, BMTOFEREREONTEY, Hlowgiik
L DA EHEDEE L,

BYNNA Ty NEER

BHOWIEBIRH ORI EEYT 2 BT, B
Fila AN A T v FEEEEEDS IR D
D0H DY, WML E OHAEHED T b,
IR HA O BRI TR/ X 518, okt s
LA NF—HEE ER BRI b NS,

Bl I, SRER L v 4y ORI 2 LT, RN
TG T L F — OISR E S B R B, iR
BT, ZALF— =R, EEHBORm 2@ LT
HAR BN B T4 7 WEEBRIZB LT, ETFSTFO
BRI L o TREBNICHR S N 5. FRIMERIC
BT, A VE— SRR %8 L TR te s
L ARSI E 2 B, BB NG, IS O
TR OB AG I L B ) > OERRE %
B4 ITRES, S0 LM ERLERTE DR,
<A 7 TP LIRS E R R AR DY IGE T
& o fze W, MK ISR TR OBEKE (06
kg/kgan) VBT S 1213380 S M ATRLE L kD, ¥
BROWMER T~ 4 7 DI EH 2 2 L oF S
LR EGNE GUNED LA, BEE, SiRCB0T 2%
AEOERT 2 &) 12 & b, £ < OuRG T A5 2
Lt sz bTdhsb, Jlodll LT, GarciakBueno

50
@ Convective drying
= O Convective drying + microwave
£ 40 —=—%--~ Convective drying + IR
& N — A Convective drying + MW + IR
o
H
8 30
=
H
22
®
3
2
@
& 10
0
0 50 100 150 200 250 300
Time (min)

4 FERAHA U OBEHG
R ) % (@), A 7 R (MW) & BV CIE L 22K
R (-O-), FRIMEET (IR) % A v ThI L 7- 28580808 (-9).
MW & IR% B L 7 8RR (-£--) s Kowalski & Rajewskall &

25
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7Y I EERS VDY A 7 WHERRERIZOWT,
BAEEMTRIEE R TV 55, F /-Glouannec 5% %
Salagnac 5% &, dRVE & v A 2 TPEEESSF I RN &
AHEbE D I LIl L ) RN EN DRI OV THE
LTwb,

ORISR O L R O RE R LT A DA
)y FEAFIZDWC D, /R Tvb, Xubid
UG RCIRAT ISR A W L U, SRS T OREI %K
MROBEATETH LI L FHRELTVST, Wook
MujumdariZ T d» 2 VIZBE OB A A%, Ko SR
WE DML LEDHTHDEY, T/, Culbid=r¥
PR Y TOEBICT Ay OB AT AR
W EREE L TWAEY, TS A 7)) v R
2T, flEBIFTUTICHAT S,

OV ORREEE

AR, ERPERBISRO NS/ RE L HERT S
oL, w4 7 Oy EZEEE (MVD) B E T
BH0000 2 f & vk BLZEEE AR IR 2 sk, SahER,
ENHIE L &< A 7 DEMEOFBRE £ b2, BET
TOKDPAMETFIC L B 701 A DT 3OV F —Fhgetr
AEBE 2 B2, FIZIE, Boesenbergia panduratad> < A
2 O FLZEERClE60~70C T O BRI & i L
T, 90%F CEBIFMTEMTE 2 I LA MESL T
5%, MVDIZA T A A L7850 0K 7 192 i,
HES 2 02 L 2RMEED 7T AL T

Bo Tz, NWVATA 7 OiEE BHVAEERERIIOWT,

AEgERe ¢ oty B VIR E AT S RS Ll
5 I EHHRE EN TV B0,

Mopie LT, OBREEE, Ouimg @Rl
of 7 O BLEEIROM A G, @ A 7 TR Zeg
W B OREBRR IS B A RGEELERS R
F6.69 MVDIZWVFENORHIICB VTS, ZBREHEL
WAEREIE & D 1E B R O MEAT R R L 72 MVD
TH34053 TH R ORARIIE L 2k LT, 2240k

TIL O B, SUAERESITIZISHRM & RIS 2B L T2,

MVDIB W HED o 73 5 —¥ (B R b

VBN, REFIFFEAICH IEERIT T Ti1208,

FOMWD G T0HBLETH oz, HMADKERY
LFEESE, IhBuEIGEE LT IET, WRT
KB TLER T AL NET DI P TED, KD
BRI T (200W, 300W) D= o 7 T % v 7z

80

~=-== AD + VMD
—Bm VMD

@
t=3

S
e P

Residual water content(%)
-3
(=]

9
B¢l

0.
] o O"O“‘O"O-vo

-

0

0 2 4 6 8 10 12 14 16 18
Time (h)

5 HiFEEBRFD), ZREHR(AD), YA IVRFEEEER
(VMD), ZREY A 7 ORERER (AD+VMD) &€ 42#
EOERER
ZhangH iz X 5%

T ATEL N, BRIELOE LRV ToRER,
wihov A4 7 o SIREERE A G bR T
BWENz, ~IRISEB T W R EMRICFHEZ L
Do, EEERET A N T A, AHIEAER T
FhDFEIGEI L B D 20

@7 1 7 DR RiEES R

v A r OB (MFD) T, BUSEWIR T T A
WBWTHELRTREL THRBE LT~ A 7 QO
B 54137, MEDIE —#2 Y % BURIZER 1 TR
BEREIZSE . LAV F— B L% TOTaEAD
R & LT, SRS iy -, BEOH
DL, B2FESE RS RE~NORRESHITON
57, MFDIZ &R 3G, PSRy, B3, ERA—
FIUGH S8 N TV BT, BN RORERZEIE
VI, v A 7 DSBS R AR ASER S L5,
Duand it~ 7 uEOFHIZ L Y F v v ) <wad
BRI T, SRS SRR S 2 SIS
TEZIERMELTVEY, WangHIIMFDAY %
4 B OBUMEE L BB RIS EEL, Yok
B TOILRDEACE BT B 2D OFFiEZ s L 72,
MAT, ¥4 7oA CEERORLAELL L SN
,Z)’/‘S}O

A LR OMA S LY E SR I L
5 REEHGEENE (AFD) ~O = 4 2 koA b
WL ER LN TS, AFDITELG O BB & L b KR
TORERTH Y, EIREIEAEIC L Y ERE SRS
KOFIE X o THELD, AFD TR, Hik% 3
IR Y DB~ 3~ ~10C OB L T Lb, =
AUMRIR T CRZBESRRERDMET 5 Ltk 5. T
BORE RSO EMY 245121, ~10CH
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TACTORIEVEE Lk Stb, AFDO U (3 8%
Y REETT ORI T B PERIRITIC & o THIMR
T B, TERICGEHBE2EY 2. 2000, <
A4 7 2 PEREHITRENE & B E R oW 7 T A ORE

B Be BIZIE 7Y = C— A0EEEEIET A 2 0
CPEOTHIS LY, B X EB0%EAM T E /N, EIRER T
Iy o~ PRy TREMEE LIORPOLTIERAFD
AT A&, 20054812 2 A — TEWE & N7, B,
REO TEMAMFDL = v 2SS W R OGS
FHTTRETH 54259,

iR ERIE
AREEIIBIT S EEOFHIRA KD ) 2 AT
B8, iR CoOEERET Bag: LA ROER X
19704E RIS EHDITD . —HRITHWHER S, HiRozE
HEERTIEMT 5 EMERE R TEA G E/, MR
Wi & DIRDEFE T FETH, PatistE Batestd S F EF A4
BFROEIRICOWT, BEOTOLAOREHCEEE
(CHe, BB ORAMEN S 2L 2 &L T35,
BAE, PR = ¥ U BB OISR I IS X o
TLEATHY, MAT, KRTOEEISTERIELHF
RO RITE 8 N5 FWIHFEERIIMRS, FRS, 2

L, BESEWMESY D 7t A2 b s Twns,
FWTIBAMEIREO A = A 00E, RSB
NTnZna, 2L R OTITHI B S KIEEHH
WA EZ2EROMBICLLEEI LN TV S, Fi
TSR R O FH AN EOFM P I BT 2WHE & o
BRI s T 85T &%, EHROIV—THMEL
T B8 200 & 7o B TR Oy e AR & PR %
HEARTEZEZONT WD, S5, HEESRICITZETL
B (F v EF— a3 L) 0HSTEEE8N5, HHENSR
&7 BB ORI RIE, B E W BRI B T
DA & FEENS, BRI A LT ARSF OB
FEREL T 55, B IO B IR P OBE LR
B O ITIIRE 2B EHEE 25 2 L
NTHEY, KEOHRIINLF—FAVBE I &% LIZKD
M T AR SIR S T w3, ok,
5 o O i T ARSI T O B2 b e iR L ke &
&Tﬁtl’i oL BN S, E561Z, Moy&DiMarcold
EFELISIEREOFFER BEROMAEHLEER
FH T 50299,
BEkT VD vV 0BT, I
TEWERBEER L EIUSHIS T 5 W HIRSE BB S S
N (F2)o T2/ T LIS, BROBEIHE,

IU—= ANZAIVBHREH

URL http://www.clean-m.com/

it - T8 7798-0046 HBRERMEN100-1
TEL 0897:58-3611 FAX 0897-58-3612
KEEEEEPF  T532-001 1 kiRfE/IEE®RS4-9-28 TAYO 5 —CIL3F
TEL 086-4805-6077 FAX 08-4805-8088
MEEER  T231-0032 HRENRRTEN1-1-5 HRRELILEF
TEL 045-651-2610 FAX 045-228-7427

PHARM TECH JAPAN @ Vol.31 No.1(2015) 109

57




%2 AFETEHEIDZUILRIEDOTOETER (h) &SR nme g (h)
DHEGETR (FlLAversad (2 L B%)

’ RN (2.2m/s) ZEEE (28m/s)
B 70 & RO E B BIROFERR & d=05cm d=10cm d=15m d=05cm d=10cm d=15cm
MDY, EEOREIRFIC 7O 2R a(J/s m* K) 733 57.2 50.2 95.1 8.3 625
hee (J/s m? K) 9.7 64.0 595 1355 1087 89.8

BRI TS o /2 2 & DS, G0
BB TH D L &, MERSIRBEE WE O
SEMICHEE L2 LAZ5 252 L &R LT\ b, Garcla-
PerezDEFH™ Tld, ZORRIEFIIZ L o TRES N

RS R OB RBOEAORECEE SN, F,
FEEWS & BRRREOIERIIN S D EFLE DR L
ZAIHIWEEND, TOFIELT, (=), (Y

) B (FR) HEOERERORNOERTIE,
AL b BEMEER R AR TE5 ~T0%FE L L AER B /e,

@F DL ET

SETRTELFHRICIMAT, HEEREDSOS
EFERERIIBOT, W OhDMUOERBM AN S
NTWD, e LT, RBEFEHSI0 FRIMERI0 100,
WEIMBCF — 32y &) HEJERI06 12104108
JEII6 U7 106100 i) R BE RO DY LR RIS i IR
Ty PRI L E BB (FE D). HAHAMEY
(Lactobacillus acidophilus) OEBEY = v b EEEEUD T,
FSEME & R L 2D G (3 B i) ORI RE DA e
(109%) EIRAE BTV B, RO BUEHMER T IE10RRR]
DL TRBSENIZ% E B o7z, Linbidb Yy~ 1ED
BAFEEIRIT 33V B RV R GT o0 23 & AT L 2N,
ERESHIC X ) BB T O b A A AT 27200
MWEFE L LC, ERVHRSEIEN e 10mmEIT T
e Lz YL EIZO0T, 4~50umliB0ikET
200Wz WA 5T & T, HIRMR & 128 MBS 5 I
[ F CHHR L 720 BIOBITIX, Pham S A% ML O
(SRR R T FUH L T W AN, —7J5, Fengk Tangid
YN L7 ¥ IO &~ A 7 QA oB A
B EHE L T3, Hashinagabid) > TH 0¥
BRI A YIE (EHD) 8% Wb, @ o288
JRICHEASCHIEREL 4 ~ 5 LA STV E, T
R ERB (7w 7B &R & 22 R o M oW BN R
HLTwb, EHDit Asakawa @ 2 HRE L CH 12,
12T 2B 2 R DBERERE (23R L — 2 3 o) S EE340
~50f% & TR L7,

B0 L IA, BHETREREEBREMNPETILHDICD
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