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Abstract To better understand the relation between

recrystallization rate and water mobility in freeze-

concentrated matrix, isothermal ice recrystallization

rates in several sugar aqueous solutions and self-

diffusion coefficients of water component in corre-

sponding freeze-concentrated matrix were measured.

The sugars used were fructose, glucose, maltose, and

sucrose. The sugar concentrations and temperature

were varied so that ice contents for all samples were

almost equal. Neither recrystallization rates nor diffu-

sion coefficients depended uniformly on temperature.

The recrystallization rates increased with increasing

the diffusion coefficients, and a direct relationship was

found between recrystallization rate and diffusion

coefficient. This indicated that self-diffusion coefficient

of water component in freeze-concentrated matrix is a

useful parameter for predicting and controlling recrys-

tallization rate in sugar solutions relevant to frozen

desserts.
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Introduction

Recrystallization of ice crystals is one of the major

causes of deterioration in frozen dessert such as ice

cream during storage and distribution. Generally, the

recrystallization of ice crystals in frozen food is

characterized as an increase in mean size of ice

crystals.1,2 Recrystallization proceeds as a result of

minimization of surface free energy of the entire

crystal phase and the chemical potential is equalized

among all phase.1,2 There are three recrystallization

mechanisms that are likely to occur in conventional

storage of frozen dessert: migratory, isomass, and

accretion.1,3 Migratory recrystallization refers to the

tendency for larger crystals in a polycrystal system to

grow at the expense of small crystals. Smaller crystal

cannot bind their surface water molecules as firmly as

larger crystals because of the higher curvature and

thus, larger surface free energy. Therefore, the water

molecules on the surface of small crystals tend to

migrate to the surface of larger ones through the

freeze concentrated matrix, resulting in growth of

larger crystals and disappearance of smaller ones. A

similar process, called isomass recrystalization, can

occur in a single crystal. Consider a single separated

crystal with a rough surface. The part of surface with

high curvature cannot bind surface water molecules as

firmly as a smoother surface. As a result, the rougher

surface becomes smoother. Accretion recrystallization

is the process where two crystals that are in a point of

contact grow together into one larger crystal. Because

the contact point has apparently high curvature and is

not as stable as the rest, formation of a neck eventually

occurs by transportation of water molecules to this

region, which leads to growth into one crystal.
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When ice crystals grow so large that they can be

detected in the mouth, the smooth texture of a frozen

dessert such as ice cream turns into a coarse, grainy,

and icy texture, resulting in unacceptable product.2,3

Therefore, the recrystallization process has been

recognized as an important phenomenon to be consid-

ered for designing proper storage and distribution

conditions for a frozen dessert.

Recrystallization of ice crystals in frozen food has

been extensively studied. Zaritzky et al. studied the

recrystallization of frozen beef and its model system,

and they developed a model equation to predict the

growth of ice crystals that assumes crystal growth by

the difference of curvature of crystals.4–7 Other

researchers have performed quantitative analysis of

recrystallization in ice creams to investigate the effect

of storage temperature, temperature oscillations,

sweeteners, and stabilizers on recrystallization rate.8–11

Using experimental data, computer simulation of

changes of ice crystal size in ice cream in practical

storage and distribution conditions was also con-

ducted.12 Sutton et al.13–16 reported the effects of

sweeteners, stabilizers, and ice phase content on

recrystallization rate by using several sugar solutions

and ice cream with different composition. They also

constructed a model to describe the recrystallization

process that assumes diffusion-limited growth of crys-

tals.17 The mechanisms to explain the inhibition of ice

recrystallization by addition of stabilizers have been

also extensively discussed,10,11,14–16,18,19 although the

exact mechanisms seem to be unknown until now.3

Most of the studies mentioned above investigated

the effect of practical production condition, such as

temperature, temperature fluctuation, type of sweet-

eners, and stabilizers, etc. These studies have uncov-

ered useful knowledge about manufacture and storage

of frozen dessert; however, to better understand

recrystallization phenomena, it is necessary to com-

prehend not only the correlation between production

conditions and recrystallization rate, but also the

molecular-level mechanisms accounting for different

recrystallization rate. A better understanding of the

molecular mechanisms of recrystallization will facili-

tate a systematic prediction and control of recrystalli-

zation behavior for various frozen desserts. It would be

at least possible to reduce the extent of recrystalliza-

tion experiments.

Considering the mechanisms of recrystallization

noted above, the mobility of water molecules in a

freeze-concentrated matrix may be one of the factors

affecting recrystallization rate. Growth of ice crystals

occurs with migration of water molecules. For example,

in migratory recrystallization, water molecules migrate

from the surface of smaller ice crystals to that of larger

ones by diffusion through the freeze-concentrated

matrix. Therefore, increasing water mobility may in-

crease the recrystallization rate. In the field of solution

chemistry, it has been reported that mobility of water

molecules in aqueous solution is affected by solute type,

solute concentration, or temperature.21 Some differ-

ences in recrystallization rate among frozen desserts

may be explained systematically by the difference in

water mobility in the freeze-concentrated matrix. This

is also suggested by the fact that many experimental

data of recrystallization of ice crystal8,9,11,13–16 can be

described well by the equation of diffusion-limited

growth of crystals, which was originally derived to

describe the growth of metal crystals.23,24 However,

there are few studies that experimentally investigate

the relation between water mobility in freeze-concen-

trated matrix and recrystallization rate, and our

understanding about this relation is insufficient.

Our objective is to provide reliable experimental in-

formation on the relation between recrystallization rate

and water mobility in the freeze-concentrated matrix in

various sugar (mono and disaccharide) solutions having

relevance to frozen dessert. In this study, we measured

isothermal recrystallization rate from observation of ice

crystal development at constant temperature, whereas

water mobility was estimated via the self-diffusion

coefficient of water component obtained by pulse field

gradient stimulated gradient echo proton NMR

(PFGSTE 1H NMR).

Materials and methods

Recrystallization rate measurement

Reagent grade sucrose, maltose, glucose, and fructose

were purchased from Sigma (Pittsburgh, PA, USA)

and dissolved in distilled water. Table 1 shows the

details of the sample solutions. Values of ice content

and concentration of freeze-concentrated matrix were

calculated by using literature values of freezing point

depression versus solute concentration.25–28 We set the

ice contents of all sample almost equal in this study.

There have been several studies about how ice content

affects recrystallization rate,10,11,13,16 but the results are

often contradictory. Therefore, to omit detailed dis-

cussion about effect of ice content, we set all of ice

content value almost equal here.

Ice crystals during recrystallization process were ob-

served by using similar cryomicroscope system as de-

scribed in previous studies.8–11,29 The system consisted

of a light microscope (Labophot; Nikon Corp., Tokyo,
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Japan) placed in a refrigerated glove box, a digital

camera (DS-5M-L1; Nikon Corp.) to photograph mi-

croscopic image, and a homemade cold stage. Figure 1A

shows the schematic illustration of the cold stage. For

the sample stage, sapphire glass disk plate (Edmund

Industrial Optics, Barrington, NJ, USA) was used.

Other parts, except tube fitting, O-ring, and assembling

screw, were made out of an acrylic resin. Figure 1B

shows the overall view of the system. The glove box was

placed in an air-conditioned room (õ21-C). Tempera-

ture in the glove box was measured by a thermocouple

located near the cold stage, and controlled to an accu-

racy of T0.2-C by a mechanical refrigeration system. A

refrigerated bath (VWR1157; VWR International,

West Chester, PA, USA) circulated 50% ethylene gly-

col through the cold stage to control temperature on the

stage. The 50% ethylene glycol was thermostatted to an

accuracy of T0.01-C. A dummy sample with a thermo-

couple was used to ensure that the set temperature and

real sample temperature showed agreement before ex-

periments. Using this system, sample temperature was

controlled to an accuracy of T0.1-C.

The procedure used to observe the recrystallization

process was similar to that in previous studies.13–15

First, the glove box temperature was set to that of

observation. The sample stage was cooled to j22.0-C

(the lowest temperature available in the system).

Second, 2 ml sample solution enclosed between two

coverslips (diameter, 12 mm; Fisher Scientific Interna-

tional, Hampton, NH, USA; calculated sample thick-

ness, 17.7 mm) was placed on the sample stage to be

frozen and a glass coverslip (diameter 25 mm; Fisher

Scientific International) was put over the sample

chamber hole to prevent vaporization of water in the

sample during the experiments. After 10 min, the

temperature was elevated to the observation temper-

ature (j4.0, j4.4, j5.8, j8.0, and j10-C; see Table 1)

at a rate of 1.5-C/min. Finally, after the observation

temperature is reached, ice crystal images were

periodically photographed using the digital camera

and saved in digital format.

Size measurements were carried out by using the

digital images. The photographed ice crystal image was

first converted to a binary image. Then the projected

area of each ice crystal was extracted. When clusters of

ice crystals were observed, crystals that were stuck

together, or those that were just in contact with each

other, were considered as separated if a clear boundary

line was visible in a similar manner as in previous

studies.22 The size of each crystal was calculated as the
Fig. 1. Schematic illustration of the experimental apparatus. (A)
Cold stage, (B) overall view of the system.

Table 1 Sample sugar solutions

Sample Temperature (-C) Freeze-Concentrated Matrix Conc. (%) Ice Content (%) Water Frozen (%)

21.8% maltose j4.4 40.0 45.4 58.1

22.45% sucrose j4.6 41.1 45.4 58.4

18.5% glucose j5.8 34.0 45.5 55.9

25.0% sucrose j5.8 45.8 45.5 60.6

22.45% fructose j8.0 41.1 45.4 58.6

28.6% sucrose j8.0 52.4 45.4 63.6

25.0% fructose j10.0 45.8 45.5 60.7

25.0% glucose j10.0 45.9 45.4 60.8
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radius of a circle having the equivalent projected area

of the crystal. From the data set of each crystal size,

the number-based mean crystal radius, r, was calculat-

ed. For these procedures, commercial image analysis

software PopImaging (Digital being Kids Corp., Ja-

pan) and image handling software Photoshop (Adobe

Systems Incorporated, USA) were used. Sometimes

these programs did not extract the exact projection

area of ice crystals. In such cases, the outline of the ice

crystal was traced by mouse on the LCD monitor and

the projected area was extracted manually.

To evaluate recrystallization rate, the theory based

on the Ostwald ripening principle23,24 was used, as in

previous studies.8–11,13–16 According to the theory, in

the condition of isothermal system, the recrystalliza-

tion process can be obtained by:

r3 ¼ r3
0 þ kt ð1Þ

where r is the number-based mean crystal radius, r0 is

the number-based mean crystal radius at time t = 0,

and k is the recrystallization rate. The recrystallization

rate k is evaluated as the slope of the cube of the mean

radius versus time.

All analyses were performed twice per sample and

the averaged values were obtained.

In some cases, the measured crystal equivalent

diameters exceeded the thickness of the sample

solution enclosed between the two coverslips. Thus,

the direction of the crystal growth was limited by

coverslips. That is to say, ice crystals were restricted

mainly to two-dimensional growth rather than three-

dimensional one. Therefore, the recrystallization rate

obtained in this study would be different from those in

bulk at identical temperature conditions as shown by

our previous studies.8,9

Measurement of self-diffusion coefficient

of water component

Sample concentration was set equivalent to the freeze

concentrated concentration of sugar solutions at the

temperature used in the recrystallization experiment

(Table 1). To measure a self-diffusion coefficient of

water component, PFGSTE was used.30 The pulse

sequence30 shown in Figure 2 was used. Symbols d, D,

and G represent the duration of field gradient pulse,

the diffusion time, and the magnitude of the field

pulse, respectively; t1 and t2 are the duration between

the first and the second 90- pulses and between the

first and the third 90- pulse, respectively.

Measurement was carried out on an Avance

DRX300 (Bruker Japan Co., Tsukuba, Japan). The

parameters were set as follows. The magnitude of the

field gradient pulse G was changed in 32 increments.

The minimum value of G was set at 5.00 � 10j2 T/m.

The maximum G value and the duration of field gra-

dient d were varied from 6.00 � 100 to 1.00 � 101 T/m

and 1 to 2 ms, respectively, so that the echo intensity

with maximum G was attenuated to below 10% of that

with no applied gradient. Diffusion time D was set to

10 ms. Values of t1 and t2 were automatically set by

operation software of the apparatus (XWIN NMR;

Bruker Japan Co.). The accumulation number of scans

was 4 for each measurement.

About 1 ml sample solution was put into an NMR

sample tube (BMS-010BJ; outer diameter = 10 mm;

Shigemi, Tokyo, Japan). Then the sample was tube was

set to the apparatus. The sample temperature was

controlled with Bruker’s temperature control unit.

During each experiment, sample temperature was

continuously measured by optical fiber thermometer

(FTP-3-003; Takaoka Electric MFG Co., Tokyo, Ja-

pan). In monitoring the measured temperature, setting

temperature of the temperature control unit was

Fig. 2. Pulse field gradient stimulated
echo pulse sequence.
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manually adjusted to keep the sample temperature

constant. By these procedures, temperature stability of

the samples was within T0.2-C during the experiments.

In PFGSTE, when the sample consists of only single

diffusion component, echo intensity I with the magni-

tude field gradient pulse G is expressed as follows:

I=I0 ¼ exp �Dig
2G2�2 D� �=3ð Þ

� �
ð2Þ

where I0 is the echo intensity without applied field

gradient pulse, g is the gyromagnetic ratio of proton,

and D is the diffusion coefficient.

When the sample contains more than two diffusion

components, I is expressed by the sum of the echo

intensity from each component as follows.

I=I0 ¼
X

i

Fi exp �Dig
2G2�2 D� �=3ð Þ

� �
ð3Þ

Here, Fi is the fraction of the echo intensity attributed

to the component i, which is expressed as follows.

X

i

Fi ¼ 1 ð4Þ

In Figure 3, a typical plot of (I/I0) versus g2G2d (Djd/

3) in a semilogarithmic scale is presented. The plot was

fitted well to the following equation of two compo-

nents diffusing at different rates, and two diffusion

coefficients D1 and D2 (D1>D2) were obtained.

I
�

I0 ¼ F1 exp �D1g2G2�2 D� �=3ð Þ
� �

þF2 exp �D2g2G2�2 D� �=3ð Þ
� � ð5Þ

The preceding studies also reported that two diffusion

coefficient were observed in sucrose, trehalose, and

fructose solutions by NMR.20,31 These studies assigned

the faster one to the water component (the weight

average of the exchangeable sugar protons and the

water proton) and the slower one to the sugar

component (nonexchangeable sugar proton), respec-

tively. We also judged that D1 was the self-diffusion

coefficient of the water component and D2 was that of

the sugar component.

All measurements were done three times per

sample, and the averaged values were obtained.

Results and discussion

Recrystallization rate

Figure 4 shows typical ice crystal images at various

times. At time t = 0, very small crystals accreted ex-

tensively with each other. With increasing time, ice

crystals grew in size and started separating from each

other. Crystals that stuck together or in contact each

other were considered as separated if a clear boundary

line was visible. However, in the early stage of recrys-

tallization, we were often unable to reach a reproduc-

ible decision because the ice crystals were so small that

detailed structure could not be observed. Therefore,

for evaluation of recrystallization rate, we only used

the images of samples stored for at least 60 min in

which ice crystals were large and sufficiently separated.

Figure 5 shows plots of the mean equivalent radius

cubed against time for all samples. Solid lines in the

plots resulted from fitting with Eq. (1). Correlation

coefficients (R2) were generally over 0.95, with most

over 0.99. The temperature dependence of recrystalli-

zation rate is shown in Figure 6. The value of k did not

depend on temperature in a uniform fashion.

In a previous study, Sutton et al.13 also measured

the recrystallization rates in fructose solutions at the

same temperature (j10.0-C). Their values of recrys-

tallization rate were 1972 T 61 mm3 hj1 for 30%

solution and 878 T 34 mm3 hj1 for 40% solution,

respectively. They also found that at the same temper-

ature, decreasing solution concentration resulted to an

increase in recrystallization rate. Therefore, we initially

expected that our recrystallization rate for 25.0%

fructose at j10.0-C would be larger than theirs because

we used a lower sample concentration. The value

Fig. 3. Typical plot of I/I0 versus g2G2d2(D j d/3) in a
semilogarithmic scale. Sample: 21.8% maltose solution at
j4.4-C.
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obtained from this study was, however, significantly

smaller (566 T 9 mm3 hj1). Although it is unclear why

this smaller recrystallization rate was obtained in our

case, it should be noted that there were many differ-

ences in experimental conditions between both studies,

such as initial freezing temperature, sample volume,

type of cold stage, and temperature elevation rate.

These differences affect the development of ice

crystals, potentially resulting in significantly different

recrystallization rate.

Diffusion coefficient

Figure 7A shows plots of the self-diffusion coefficient

of the water component D1 as a function of tempera-

ture. Plots of the diffusion coefficient for the sugar

Fig. 5. Plots of the cube of the mean equivalent radius as a function of time. The solid lines represent results of fitting by Eq. (1).

Fig. 4. Typical ice crystal images at
different times. Sample: 28.6%
sucrose 1solution at j8.0-C.
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component D2 are also presented in Figure 7B for com-

parison. Similar to recrystallization rate, both diffusion

coefficients did not depend uniformly on temperature.

Using similar methods, Martin et al.20 measured

the self-diffusion coefficients of water and sugar

components for sucrose and fructose solutions at

j15-C, solute concentration being the same as the

freeze-concentrated matrix of these sugars at j15-C.

They reported that both diffusion coefficients for

sucrose solution were smaller than those of fructose

solution. In this study, the same trend can be seen for

the data of 22.45% fructose and 28.6% sucrose mea-

sured at j8.0-C.

Correlation between recrystallization

and diffusion rates

Figure 8A shows the recrystallization rate plotted as

a function of D1. Recrystallization rate k correlated

well with D1; increasing D1 resulted to an increase in

recrystallization rate k. This indicates that diffusion

coefficient of water molecules in freeze-concentrated

matrix is a useful parameter for predicting and

controlling recrystallization rate in sugar solutions.

Furthermore, the fitting result by a linear function

was in reasonable agreement (R2 = 0.90), which

suggested that the recrystallization rate examined in

this study was approximated by a first-order kinetics

with respect to the diffusion coefficient of water

component.

In Figure 8B, the graph for sugar component

diffusion coefficient D2 is also presented for compari-

son. For D2, there was no direct correlation with re-

crystallization rate k. Solute must be rejected near the

surface of ice crystals as the crystals grow. Therefore,

not only the diffusion rate of water molecules but also

that of solute can affect recrystallization rate in prin-

ciple. However, results of Figure 8A and B suggested

that contribution of solute diffusion rate was much

smaller than that of water molecules.

Under the condition where solute type and solute

concentration are similar, a decrease in temperature

will result to a decrease in the self-diffusion rate of

water molecules. Also, at constant temperature, chang-

ing solute type or solute concentration will alter the

diffusion rate because of the different interaction

between solute and water. The result in Figure 8 indi-

cates that the difference in recrystallization rate can be

explained well by the difference in the diffusion rate

caused by a difference in sugar type, concentration,
Fig. 7. Plots of measured diffusion coefficients D1 (A) and D2

(B) as a function of temperature.

Fig. 6. Temperature dependence
of the recrystallization rate k.
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temperature, or their combination. From this result,

the following question arises: what are the dominant

factors that determine the diffusion rate of water

molecules?

Sutton et al.13,17 tried to systematically describe the

recrystallization process of ice crystals in sugar solu-

tions (fructose and sucrose) and ice cream by using a

model based on an assumption of diffusion-limited

growth of crystals. Their model attempted to describe

the effect of not only the diffusion rate of the water

component, but also of ice content. However, results

of the model fitting were unsatisfactory in most cases,

and the correlation between the diffusion rate of the

water component in freeze-concentrated matrix and

recrystallization rate was obscure. A possible explana-

tion for these results is that the diffusion coefficients of

the water component used for model fitting were

inadequate. Sutton et al. did not measure the actual

self-diffusion coefficient of water component them-

selves, but rather extrapolated the reported mutual

diffusion coefficients of sucrose or glucose solutions

measured at 25, 35, and 1-C32,33 to lower temperatures.

For comparison, we followed their method to calculate

the diffusion coefficients for sucrose and fructose

solutions used in this study. The calculated values are

significantly different, a factor of 3.3 to 5.3 smaller,

than our measured values of D1. The correlation of

extrapolated values with recrystallization rate k was

also not very good (Figure 9). The original mutual

diffusion coefficients of English and Dole32 and

Gladden and Dole33 were evaluated from macroscopic

diffusion experiments of sucrose or glucose in water,

which were based on classical Fick’s law that assumes

coupling of water and sugar motion. If this assumption

holds, the evaluated diffusion coefficient would also

correspond to diffusion motion of water molecules. In

recent years, however, it has been recognized that

diffusion of water molecule in concentrated sugar

aqueous solution does not couple with that of sugar

molecules, because of the different diffusion mecha-

nism of each molecule.31,34 According to Ekdawi-Sever

et al.31 diffusion of sugar appears continuous, whereas

that of water consists of random jumps followed by

rapid vibrations within transient cages created by

surrounding molecules. From these aspects, it appears

that the diffusion coefficients evaluated by extrapola-

tion did not reflect the true diffusion motion of water

molecules, which would render the effect of diffusion

of water component unclear.

Results of the current study show the usefulness of

the self-diffusion coefficient of the water component in

a freeze-concentrated matrix as an indicator to esti-

mate the recrystallization rate of ice crystals in mono-

or disaccharide solutions. It would be interesting to

know the effect of stabilizers such as locust bean gum

or guar gum on diffusion rate of water component. It

has been suggested that stabilizers increase local

viscosity and would thereby reduce water molecule

mobility, which leads to lower recrystallization rate.11

However, Martin et al.20 reported that the diffusion

coefficient of water molecules in freeze-concentrated

Fig. 9. Plots of recrystallization rate k as a function of the
diffusion coefficient calculated by the method of Sutton et al.13

Fig. 8. Correlation between recrystallization rate k and mea-
sured diffusion coefficients D1 (A) and D2 (B). The solid line
represents result of linear fitting.
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matrix of fructose solution were not influenced by the

addition of locust bean gums, although recrystalliza-

tion rate was decreased significantly. As for the mech-

anism of reduction of recrystallization rate by addition

of stabilizers, several hypotheses have been proposed,

although the exact mechanism is still unknown. Sutton

et al.14–16 proposed that the reduction of recrystalliza-

tion is brought about by the adsorption of stabilizer

onto the surface of the ice crystal, not a retardation of

water molecule movement. A physical hindrance

against the growth of ice crystal by weak stabilizer

gel structure has been also suggested.35 Sahagian and

Goff36 postulated that a mechanism of stabilizer action

at subzero temperature involves a modification of the

kinetic properties of the freeze-concentrated matrix

rather than thermodynamic parameters. Other factors

rather than water mobility in freeze-concentrated

matrix may also have a significant effect in determin-

ing recrystallization rate in the presence of a stabilizer.

Since our systematic understanding of fundamental

properties of the solutions at subzero temperature is

very limited until now, further studies are needed to

solve this problem. Results of this study will be a basis

for considering the effect of stabilizer addition.

In conclusion, the difference in recrystallization rate

of ice crystals in various sugar solutions with different

sugar type, concentration, and temperature, correlated

well with the self-diffusion coefficient of the water

component in the freeze-concentrated matrix. That is,

the recrystallization rate in the sugar solution used in

this study depended strongly on water mobility in the

freeze-concentrated matrix. Thus, the self-diffusion

coefficient of the water component in the freeze-

concentrated matrix is a useful parameter to predict

and control recrystallization rate.
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Res 328, 561–572 (2000)
22. S. Bolliger, H. Wildmoser, H.D. Goff, and B.W. Tharp, Int

Dairy J 10, 791–797 (2000)
23. I.M. Lifshitz and V.V. Slyozov, J Phys Chem Solids 19, 35–50

(1961)
24. C. Wagner, Z Elektrochem 65, 581–591 (1961)
25. F.E. Young and F.T. Jones, J Phys Chem 53, 1334–1350

(1949)
26. F.E. Young, F.T. Jones, and H.J. Lewis, J Phys Chem 56,

1093–1096 (1952)
27. F.E. Young, J Phys Chem 61, 616–619 (1957)
28. CRC Handbook of Chemistry, Physics, 84th Ed., edited by

D.R. Lide (CRC Press, Boca Raton 2003)
29. D.P. Donhowe, R.W. Hartel, and R.C. Bradley Jr, J Dairy

Sci 74, 3334–3344 (1991)
30. J.E. Tanner, J Chem Phys 52, 2523–2526 (1970)
31. N. Ekdawi-Sever, J.J. de Pablo, E. Feick, and E. von

Meerwall, J Phys Chem A, 107, 936–943 (2003)
32. A.C. English, M. Dole, J Am Chem Soc 72, 3261–3267 (1950)
33. J.K. Gladden, M. Dole, J Am Chem Soc 75, 3900–3904

(1953)
34. C.J. Roberts, P.G. Debenedetti, J Phys Chem B 103, 7308–

7318 (1999)
35. A.H. Muhr and J.M.V. Blanshard, J Food Technol 21, 683–

710 (1986)
36. M.E. Sahagian and H.D. Goff, Food Res Int 28, 1–8 (1995)

82 FOBI (2006)


	Relationship between Recrystallization Rate of Ice Crystals �in Sugar Solutions and Water Mobility �in Freeze-Concentrated Matrix
	Abstract
	Introduction
	Materials and methods
	Recrystallization rate measurement
	Measurement of self-diffusion coefficient �of water component

	Results and discussion
	Recrystallization rate
	Diffusion coefficient
	Correlation between recrystallization �and diffusion rates

	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


