1838 J. Chem. Eng. Dat2007,52, 1838-1842

Properties of Sugar, Polyol, and Polysaccharide WaterEthanol Solutions

Andréanne Bouchard,* Gerard W. Hofland, and Geert-Jan Witkamp

Process Equipment, Delft University of Technology, Leeghwaterstraat 44, 2628 CA, Delft, The Netherlands

The solubility and viscosity of sugars (glucose, lactose, leucrose, maltose, raffinose, sucrose, and trehalose), polyols
(maltitol, mannitol, sorbitol, and xylitol), and polysaccharidgscyclodextrin, dextrans, and inulin) in water and
water—ethanol mixtures was investigated at 310 K. The increase in ethanol fraction caused a decrease in solubility
in all cases. The viscosity of a 10 % (w/w) solution of any of those sugars was (1 to 1.25) mPa s except dextran
solutions, which reached 5 mPa s. The viscosity of saturated solutions varied strongly from one compound to
another even though the solubilities were similar. The metastable zone widths of sucrose, maltose, and lactose
precipitated with ethanol were significantly larger than the one measured for mannitol.

Introduction Fluka) of European Pharmacopoeia grade, dextrose anhydrous
(crystalline, glucose, Sigma) of USP graddrehalose dihydrate
(crystalline, Sigma)p-leucrose {98 %) (crystalline, Fluka),
D-(+)-maltose monohydrate (crystalline, Riedel-de Hae+(})-
raffinose pentahydratet©@9 %) (crystalline, Fluka), maltitol
(+98 %) (crystalline, Sigma)y-sorbitol (+98 %) (crystalline,
Aldrich), xylitol (+99 %) (crystalline, Sigma), (2-hydroxypro-

Data on the solubility and viscosity of sucrose and lactose in
aqueous solution are widely available in the literafnfe.
However, little information is available for many other sugars,
polyols, and polysaccharidés? Even though the effect of
ethanol on a few of these solutions has been investi-
gated!®20 the information available is fragmented and limited

: o 1)-B-cyclodextrin M, ~ 1380) (amorphous, Fluka), and
to the most common sugars. Still, some work on the prediction Py
of the solubility of sugars in waterethanol mixtures was done dextran fromLeuconostospp. M, ~ 6000) (amorphous, Fluka)

using the basic and modified UNIFAE?* and UNIQUAC and froml_euconostoc mesenteroidetrain B512 ¥, ~ 63800,
modelsio-1325 or the Redlich-Kister expansion modaP but clinical grade) (amorphous, Sigma) were used as received. Short-

only for some common small sugars: sucrose, glucose, andChain inulin (90 % to 95 %, 8 to 12 monomers, amorphous,
lactose Frutafit IQ) was supplied by Sensus, Rosendaal, The Nether-

I 0,
The addition of an antisolvent, such as ethanol, to an aqueouslands' Technical grade ethanol (100 %) was purchased from

solution containing a solute poorly soluble in water would result Chemproha.
in the precipitation of the solute by a process called antisolvent  Solubility Measurement.The solubility of the solute was
precipitation, dilution, salting-out, or drowning-out crystalliza- Simply measured by gravimetry using a balance (AE 100 Mettler
tion. Antisolvent precipitation investigation has been mainly Toledo,20.0001 g). To prepare saturated solutions, the mixtures
devoted to kinetic studies under batch or continuous opera- containing crystals were left for over 1 week in a thermostated
tions®5-29 or to the experimental and theoretical study of the Shaking bath at 310 K. The Erlenmeyers used for the dissolution
influence of the process conditions on the particle size and were sealed with Parafilm to avoid any changes in the solvent
shape?®-36 composition during the dissolution process. Viscous solutions
Also, other data on crystallization-related parameters are (€-9., sucrose, cyclodextrin, etc.) were especially monitored by
scarce. Compared with other crystallization processes, limited Visual inspection of the concentration gradient to ensure that
information is available on the metastable zone width caused a@Ppropriate mixing was available to achieve saturation condi-

by the addition of antisolve#ft37:38during antisolvent precipita-  tions throughout the solution. The mixtures were rapidly filtered
tion. through a fiberglass prefilter (glass fiber prefilters AP20,

These physicochemical data are of interest in the fields of Millipore), and the known weights of solution were left to
pharmaceutical formulation and food, where various sugars, evaporate, f!rst at ambient conditions and then in an oven.hea.ted
polyols, and polysaccharides are commonly used. The propertiesat 60°C until the_measured mass was stable. The solubility in
measured in this study might then be required for the design of Puré water and in 50 % ethanol was measured for all of the
new processes. In this work, solubility, viscosity, and super- Studied compounds, and the solubility in 95 % and 100 %
saturation measurements were conducted on various sugaréthanol was measured for most compounds. All solutions were
polyol, and polysaccharide solutions prepared with water prepared at least in triplicates. The standard deviation on the

ethanol mixtures at 310 K. measurements was at most 0.0gg solution.
) Viscosity MeasurementThe viscosity of the 10 % (w/w)
Materials and Methods solutions and saturated solutions prepared for the solubility

measurements was measured. A Haake VT 550 viscometer
(Karlsruhe, Germany) thermostated at 310 K and equipped with
a cylinder geometry (NV, inner rotor cylinder, outer cup

* Author to whom correspondence should be addressed. Telephea) ( cylinder, 0.35 mm gap, 60 mm high) was used. The standard
15 278 5561. Fax: 431) 15 278 6975. E-mail: a.m.j.l.bouchard@tudelit.nl. deviation of the viscosity measurements was 0.2 mPa s.

Materials. p-Saccharose (crystalline, Riedel-de Haen), lactose
anhydrous (crystalline, Fluka), ano-mannitol (crystalline,
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Figure 1. Solubility of sugars, polyols, and polysaccharides in (A) pure  Figure 2. Solubility of sugars and polyols at 310 K in various water

water (black bars) and in 50 % ethanol (hatched bars) and in (B) 95 % ethanol mixtures: (A) sucrose (open diamonds correspond to interpolated
ethanol (black bars) and in 100 % ethanol (hatched bars) at 310 K. The |iterature data from ref 39), trehalose dihydrate, lactose anhydrate, and
standard deviation is illustrated with error bars. raffinose pentahydrate; (B) maltose monohydrate, mannitol, and sorbitol.

Maximum Supersaturation.Saturated solutions were pre-  which has comparable solubilities in 50 % and 95 % ethanol
pared using a shaking bath set at 310 K and were allowed at(~0.69 gg~! of solution) and is relatively soluble in 100 %
least 1 week for dissolution (lactose had only 24 h). The ethanol.
solutions were filtered before use to remove undissolved crystals. The measured values for sucrose solubiliies are in ac-

About 400 mL of saturated solution were poured into the 1.5 L ¢qrgance, withi 1 % (w/w), with those available in the literature
jacketed glgss precipitation vessel. Stirring was performed by ¢, 5t high water content and with % (w/w) when the ethanol

a two-blade impeller mounted above the vessel. The temperatur&,action in the solvent is increased (Figure32)The standard
was controlled by a heating bath. Ethanol was continuously geyiation on the measurements was at most 0.2 lgof
added with a pump, and the amount of ethanol added wasg|ytion (Figure 1; Table 1). The relative error in the concentra-
calculated with the difference in ethanol weight. During the tjon of glucose, sorbitol, and xylitol solutions prepared with
ad_d|t|on of _ethano_l, solution sample_s were collected every g5 o4 and 100 % ethanol could reach 100 %. The very sharp
minute and immediately analyzed offline by absorbance [350 transition between an undersaturated solution and a very thick

nm, Perkin-Elmer Lambda 2 UWis spectrophotometer fiér- slurry that could not be rapidly filtered hindered the measure-
lingen, Germany)].The concentration of the solutions was ment of more accurate values.

measured as described previously, and the density of the solution
was estimated by weighing the volume of solution used in each
experiment. The induction time to precipitation was identified
from graphics of the absorbance as a function of the time
confirmed with the visual observation of the solutions.

The solubilities of some of those sugars and polyols in more
water—ethanol mixtures at 310 K were also determined (Figure
2; Table 1). Three families of curves are observed. (A) For the
' compounds with the lowest solubility in water [(0.25 to 0.3)
g-g~! of solution}-lactose anhydrate, raffinose pentahydrate,
and mannitot-the solubility rapidly decreased as soon as ethanol
was present in the solution. (B) The solubility of the moderately
Solubility. The solubility of all studied sugars, polyols, and water soluble compounds maltose monohydrate and trehalose
polysaccharides in aqueous solution and in 50 % (w/w) ethanol dihydrate (0.5 gg~?! of solution in water) also decreased with
at 310 K is depicted in Figure 1A, and the solubility of most of the addition of ethanol, but the decrease was relatively much
these compounds in 95 % and 100 % (w/w) ethanol at 310 K smaller. In fact, the solubility data could be best fitted with a
is also depicted in Figure 1B. The solubility was always higher quadratic equation, with an inflection point around 60 % water
in pure water than in ethanol mixtures, with the exception of in solvent (w/w). (C) Highly soluble sucrose and sorbitol, with
cyclodextrin (Figure 1). The difference in solubility was large, aqueous solubilities of (0.70 and 0.75)gg! of solution,
from about (0.133 to 0.769)-g"! of solution in water, and respectively, showed similar behaviors to what was observed
extreme in 50 % ethanol (from (0.001 to 0.693)y¢t of with (B) curves, but the slow decrease in solubility was further
solution) and in 95 % ethanol (from (0.001 to 0.694yd of extended to higher ethanol fractions. For these compounds, the
solution). The solubility was generally extremely low in 95 % inflection point was around 35 % water in solvent (w/w). On
or 100 % ethanol (Figure 1B) with the exception of cyclodextrin, the basis of the shape of those curves, the antisolvent precipita-

Results and Discussion
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Table 1. Solubility of Sugars and Polyols at 310 K in Various WatetEthanol Mixtures (Grams per Gram of Solution)

% water % ethanol lactose maltose raffinose trehalose
(wiw) (w/w) anhydrate monohydrate pentahydrate sucrose dihydrate mannitol sorbitol
100 0 0.2%-0.02 0.519+ 0.005 0.30+ 0.01 0.701+ 0.002 0.508+ 0.003 0.238+ 0.001 0.762+ 0.006
87.5 12.5 0.212- 0.007 0.46+ 0.01 0.244+0.01 0.663+ 0.003 0.46H4- 0.004 0.185+ 0.001 0.7344+ 0.003
75 25 0.13+ 0.02 0.39+ 0.02 0.18+ 0.01 0.624+ 0.006 0.394+ 0.006 0.132+ 0.006 0.72+0.03
62.5 37.5 0.064: 0.002 0.284+ 0.004  0.1169t 0.0009 0.56+ 0.02 0.295+ 0.001 0.093+ 0.001 0.66+ 0.03
50 50 0.035+ 0.001 0.186+ 0.007 0.063+ 0.003 0.46+ 0.02 0.190+ 0.004 0.060t 0.002 0.5740.02
37.5 62.5 0.016: 0.001 0.10A- 0.009 0.018+ 0.001 0.314-0.02 0.114+0.02 0.034+ 0.003 0.472: 0.004
25 75 0.0072t 0.0005 0.047Q:0.0006 0.007 0.001 0.119+ 0.004 0.024+ 0.001  0.0135t 0.0001 0.25+ 0.03
15 85 0.00214 0.0007  0.024+ 0.002 0.0027 0.0004 0.0253-0.0004 0.006t 0.001 0.006+ 0.001 0.10H4- 0.002
5 95 0.0014 0.001 0.006+ 0.001  0.0008t 0.0006 0.0002-0.0002 0.003k 0.001 0.002+ 0.001 0.02H4- 0.001
0 100 0.0002t 0.0005 0.0174:0.0008 0.000G: 0.0003 0.003+0.001 0.001Gt 0.0004 0.0018t 0.0004 0.010@: 0.0002

tion of (A) compounds is expected to be the easiest because ofTable 2. Viscosity of Aqueous 10 % Sugar, Polyol, and
the sharper decrease in solubility, followed by (B) and finally Polysaccharide Solutions at 310 K

(C) compounds. solution 10 %  viscosity (mPas)  solution 10 %  viscosity (mPas)

Maximum Supersaturation.Sugar solutions can be highly glucose 1.00 mannitol 1.03
supersaturated by cooling. Here, the maximally obtainable lactose 1.16 sorbitol 1.02
supersaturation caused by the addition of ethanol as antisolvent 'euftmse i-gg Xy“}C"d i 11-05’9

; : ; maltose . cyclodextrin .

was studied with sucrose, lactose, maltose, and manrjltol The raffinose 1922 dextran. short 162
ethanol was added at a constant flow rate. Saturation was gcrose 1.06 dextran, long 5.03
achieved after (10 to 50) min depending on the composition of  trehalose 1.10 inulin 1.12
the initial solution (i.e., sugar species and ethanol fraction). In  maltitol 1.08

the case of the sugars, the width of the metastable zone is largepyrecipitation once the corresponding supersaturation conditions
than the one observed with the polyol mannitol (Figure 3). The are reached, giving rise to the production of an amorphous
supersaturation curves drawn for the sugars all had a characproduct. In a similar fashion, the width of the metastable zone

teristic shape; the solubility remained relatively high until @ measured for mannitol is very narrow. Therefore, crystallization
certain ethanol concentration was reached, and then the solubilityjs expected to occur soon after the ethanol concentration in

dropped suddenly. This was particularly apparent with the sugarssg|ution begins to increase.

with the hlgher solubilities: the solubilities of sucrose and Viscosity_The Viscosity of aqueous 10 % sugar, po|yo|’ and
maltose dropped at 75 % ethanol, whereas the solubility of polysaccharide solutions (Table 2) and some saturated water
lactose steeply decreased from 50 % ethanol. ethanol sugar and polyol solutions (Figure 4) was investigated.

Because of the respective shapes of their solubility curves, when the viscosities of 10 % aqueous solutions are compared,
the widths of the metastable zone of maltose and lactose areg significant difference is observed only with the dextrans.

wider than the one of sucrose. This should translate into a faster As the evaporation of the solvent itself is hindered by the

» high viscosity of a solution, the viscosity of saturated solutions

T 08+ - was investigated (Figure 4; Table 3).
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Figure 3. Metastable zone widths, solubility, and supersaturation of (A) o ,
sucrose, and lactose and (B) maltose and mannitol at 310 K caused by the % Ethanol in solvent (wiw)

constant addition of ethanol at 10 amin~2. Filled markers correspond to Figure 4. Viscosity of saturated sugar solutions at 310 K in various water
the solubility and open markers to the supersaturated conditions. ethanol mixtures.
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Table 3. Viscosity of Saturated Sugar Solutions at 310 K in Various (10) Peres, A. M.; Macedo, E. A. Phase equilibriaeflucose and sucrose
Water—Ethanol Mixtures in mixed solvent mixtures: comparison of UNIQUAC-based models.
- - Carbohydr. Res1997, 303 (2), 135-151.

viscosity/mPa s (11) Dickinson, E.; Thrift, L. J.; Wilson, L. Thermal expansion and shear
% water % ethanol lac- mal- raf- suc- tre- man- sorb- viscosity coefficients of watet ethanoH sucrose mixturesl. Chem.

(w/w) (w/w) tose tose finose rose halose nitol itol Eng. Datal198Q 25, 234-236.
(12) Kharin, S. E.; Tselinskaya, V. I. Viscosity of watealcohol-sugar

13(7) 5 12 5 22%71 %%% 2299% %11774; ‘?1‘2:1 127298 rrlwlla; solutions.lzv. Vyssh. Uchebn. Zed, Pishch. Tekhnol1959 No. 4
: : ' : : ' : 147-54.
225 %575 22233 3%27 35%67 151%%’ %L;i Zzzﬁ n//a (13) Machado, J. J. B.; Coutinho, J. A.; Macedo, E. A. Seliquid
50' 50' 5 '33 3 .48 5 '49 18 '56 2 '18 5 ‘41 10';%1 equilibrium ofa-lactose in ethanol/wateFluid Phase Equilib200Q
y ' : ' . ' ’ 173(1), 121-134.
2;'5 %5 123?? 12958 1273;' 25;3? fgg 128151 Gf'2574 (14) qud, F. Nickerson, T. A. Effect of alcohols on lactose solubility.
15 85 150 167 154 137 130 151 213 Dairy Sci. 1976 59 (6), 1025-1032. . .
5 o5 1'39 1'17 1'30 1'12 1.46 1'29 1'52 (15) Olano, A. Solubility of lactose and lactulose in alcohdlsFood Sci.
| ’ ’ ’ ’ : ’ Technol.1979 16 (6), 260-261.
0 100 wa 112 123 089 130 1.48 127 (16) Serghat, S.; Mathlouthi, M.; Hoopman, T.; Birch, G. G. Sohgelvent
) ) _ _ _ interactions and the sweet taste of small carbohydrates. Part 1: effect
The viscosity of the sorbitol and sucrose solutions (Figure gg S%IZent polarity on solution propertieSood Chem1992 45 (1),
4A|) ISI mUCZ.hldgher. than the VISCOSr:ty of the OI_Eher .SuQa.rS anfd a7) Wasmimd, R.; Apelt, J. Mechanical values of homogeneous ethanol-
polyols studied (Figure 4B). Furthermore, the viscosity o sugar-water mixtures from-040.deg Branntweinwirtschafl973 113

sorbitol increases much more rapidly than that of sucrose, even (18), 445-448.

though their solubilities are similarly affected by ethanol above (18) Harjunen, P.; Lehto, V.-P.; Valisaari, J.; Lankinen, T.; Paronen, P.;
Jarvinen, K. Effects of ethanol to water ratio in feed solution on the

o i . -
a Contentlof 25 /O,m sollve.nt. The VISCOSItIQS of maIFose a}nd, crystallinity of spray-dried lactos@®rug Dev. Ind. Pharm.2002 28
trehalose increase in a similar way, and that increase is a mimic (8), 949-955.

of the solubility. However, for almost highly similar solubilities,  (19) Perecsi, Ai M.; Macedo, E. A. Sol(idiqt;id e;quilibrium of sugars in
i i i i i i iti mixed solventsEntropie 1997, 33 (202/203), 7+75.
the viscosity of trehalose is slightly higher. The viscosities of (20) Bockstanz, G. L. Buffa. M.. Lira, C. T. Solubllities of-anhydrous

lactose, mannitol, and raffinose are quite low [(1.1 to 3.0) mPa glucose in ethanelwater mixturesJ. Chem. Eng. Datd 989 34,
s]. Lactose and mannitol are very similar, and both show a slight 426-429.

trend of maximum viscosity around 60 % water in solvent, even (21) Peres, A. M.; Macedo, E. A. A modified UNIFAC model for the
calculation of thermodynamic properties of aqueous and non-agueous

. o .
though this corresponds to less than 50 % of the maximum solutions containing sugarfluid Phase Equilib.1997 139 (1-2),

solubility of these sugars. This trend was less significant with 47—74.

raffinose. (22) Gabas, N.; Laguerie, C. Predictions with UNIFAC of liqublid
; ; ; ; ; phase diagrams: application to wateucrose-glucose, water
In aqueous solution, the viscosity of sugar solutions is known sucrose-fructose and waterxylose—mannosel. Cryst. GrowtH1993

to strongly increase with the concentration. The increase depends 128 (1—4), 1245-1249.

on the molecular weight of the carbohydrate, the structure of (23) Ferreira, O.; Brignole, E. A.; Macedo, E. A. Phase Equilibria in Sugar
the molecule, and the orientation of the OH groups as they have Asfg"g'z‘inzs_gzsgg the A-UNIFAC Modelnd. Eng. Chem. Re2003

a po?'t've mte_ra_ctlon with watéf.In water-ethanol saturated (24) spiliotis, N.; Tassios, D. A UNIFAC model for phase equilibrium
solutions, a similar trend was observed, except for the sugars calculations in aqueous and nonaqueous sugar solufituig. Phase
and polyols with low solubilities. Polyol solutions are generally 25 Eqwllb-AZ?\j)Q’aR (é), ?é9—A5t'3v.| + o Modeling of Slubil

: H H eres, A. M.; Macedo, E. A. Measurement an oaeling or solubllites
less viscous than sucrose solutions _at the same concenttation of b-Glucose in Water/Alcohol and Alcohol/Alcohol Systentsd.
as we measured at 10 % concentration (Table 2). However, the Eng. Chem. Re€.997, 36, 2816-2820.

viscosity of a polyol such as sorbitol can be extremely high (26) Mullin, J. W.; Teodossiev, N.; Sohnel, O. Potassium sulfate precipita-
tion from aqueous solution by salting-out with aceto@bem. Eng.

when the solution is saturated (Figure 4). Process 1089 26 (2), 9399,
(27) Tavare, N. S.; Garside, J.; Chivate, M. R. Analysis of batch crystal-
Acknowledgment lizers. Ind. Eng. Chem. Process Design Dd98Q 19, 653-665.
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(29) Liu, X.; Hatziavramidis, D.; Arastoopour, H.; Myerson, A. S. CFD
Literature Cited simulations for analysis and scale-up of anti-solvent crystallization.
AIChE J.2006 52 (10), 3621-3625.
(1) Mathlouthi, M., Reiser, P., EdSucrose: Properties and Applicatigns (30) Jones, A. G.; Budz, J.; Mullin, J. W. Batch crystallization and selid
Chapman and Hall: New York, 1995; 294 pp. liquid separation of potassium sulfatéhem. Eng. Scil987 42 (4),

(2) Herrington, B. L. Some physicochemical properties of lactose. I. The 619-629.
spontaneous crystallization of supersaturated solutions of lagtose. (31) Yu, Z. Q.; Tan, R. B. H.; Chow, P. S. Effects of operating conditions
Dairy Sci. 1934 17, 501-518. on agglomeration and habit of paracetamol crystals in anti-solvent
(3) Bailey, J. E., et al., EdsUllmann’s Encyclopedia of Industrial crystallization.J. Cryst. Growth2005 279 (3—4), 477-488. o
Chemistry 6th ed.; 2000; electronic release. (32) Holmback, X.; Rasmuson, A. C. Size and morphology of benzoic acid
crystals produced by drowning-out crystallizatidn.Cryst. Growth

4) K_reveld, A. V.; Michaels, A. S. Measurement of crystal growth of 1999 198/199(Part 1), 780-788.
o-lactose J. Dairy Sci.1965 48 (3), 259-265. 33) Doki. N.- Kubota N.- Yokota M.: Ki S Sasaki. S. Producti
(5) Young, F. E.; Jones, F. T. Sucrose hydrates. The sucrose-water phase( ) Doki, N.; Kubota, N.; Yokota, M.; Kimura, S.; Sasaki, S. Production

h . of sodium chloride crystals of uni-modal size distribution by batch
diagram.J. Phys. Colloid Chem949 53, 1334-1350. dilution crystallization.J. Chem. Eng. Jpn2002 35 (11), 1099~
(6) Lammert, A. M.; Schmidt, S. J.; Day, G. A. Water activity and 1104.
solubility of trehaloseFood Chem1998 61 (1-2), 139-144. (34) Toth, J.; Kardos-Fodor, A.; Halasz-Peterfi, S. The formation of fine
(7) Cakebread, S. H., Confectionery ingredients. Composition and proper- particles by salting-out precipitatiohem. Eng. Procesg004 44
ties. X. Sugars used indirectlfConfect. Prod.1971, 37 (5), 274 (2), 193-200.
275, 27T+ 278. ] ) ) (35) Beckmann, W. Nucleation phenomena during the crystallization and
(8) Bates, F. JPolarimetry Saccharimetry and the Sugavgashington, precipitation of AbecarnilJ. Cryst. Growth1999 198/199(Part 2),
DC, 1942. 1307-1314.
(9) Jonsdottir, S. O.; Cooke, S. A.; Macedo, E. A. Modeling and (36) Budz, J.; Karpinski, P. H.; Mydlarz, J.; Nyvlt, J. Salting-out precipita-
measurements of solidiquid and vapot-liquid equilibria of polyols tion of cocarboxylase hydrochloride from aqueous solution by addition
and carbohydrates in aqueous soluti@arbohydr. Res2002 337 of acetone.Ind. Eng. Chem. Prod. Res. Del1986 25 657—

(17), 1563-1571. 664.



1842 Journal of Chemical and Engineering Data, Vol. 52, No. 5, 2007

(37) Karpinski, P. H.; Nyvlt, J. Metastable zone width in salting-out (41) Nelson, A. L.Sweeteners: Alternat; Eagan Press: St. Paul, MN,
crystallization.Cryst. Res. Technol983 18 (7), 959-965. 2000; 106 pp.

(38) Pina, C. M.; Fernandez-Diaz, L.; Prieto, M.; Veintemillas-Verdaguer,

S. Metastability in drowning-out crystallization: precipitation of highly
soluble sulfates]. Cryst. Growth2001, 222 (1-2), 317327.

(39) Bubnik, Z.; Kadlec, P. Sucrose solubility. Bucrose; Properties and ~ Received for review April 8, 2007. Accepted June 22, 2007. This
Applications Mathlouthi, M., Reiser, P., Eds.; Blackie: London, U.K., research was supported by the Technology Foundation STW, applied
1995; pp 10+125. science division of NWO, and the technology program of the Ministry

(40) Dey, P. C.; Motin, M. A,; Biswas, T. K.; Huque, E. M. Apparent  of Economic Affairs.
molar volume and viscosity studies on some carbohydrates in solutions.

Monatsh. Chem2003 134 (6), 797-809. JE700190M



