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ABSTRACT  

Pectin is a very important polysaccharide in food technology, due to its ability to thicken or gel in 

aqueous solution under specific conditions. One of the most common uses of pectin is in making 

jellies or jams, whichs requires the addition of a large amount of sucrose to acidic solutions. The 

role of sucrose in promoting pectin gelation has been ascribed to the strengthening of hydrophobic 

interactions consistently with its well-known stabilizing effect on protein structure.  On the other 

hand, more specific effects on dimension and stiffness of pectin chains have been suggested by 

computational work. Here we present measurements of rheology, static and dynamic light scattering 

on samples of pectin containing different amounts of sucrose, ranging from few percent up to close 

to the solubility limit of sucrose. This corresponds to spanning from low viscous liquid samples to 

strong gels. Results show that below the threshold value of 55% w/w, sucrose acts as a critical 

parameter for the sol/gel transition by increasing the strength of excluded volume and 

hydrodynamic interactions between polymer chains. A further increase of sucrose above the critical 

concentration yields gels with a higher viscoelastic component corresponding to a higher amount of 

frozen structural inhomogeneities.   

 

 

 

 

INTRODUCTION 

 

Understanding the chemical and physical principles of food making is a fascinating task 

from many different points of view. Indeed, besides the reward of enlightening the cause-effect 



relationships implied in many tricks of the art of cooking, it is also an exciting challenge to deal 

with systems that are among the most complex to be studied. A new interesting perspective in 

studying such systems is offered by a modern approach based on concepts from soft matter and 

colloid physics [1,2].  

Here we discuss the case of jam or jelly making by using pectin, a natural polysaccharide 

obtained from citrus peel or apple pomace. Homemade jam or jelly recipes have one to dissolve the 

pectin powder in hot water with a large amount of sucrose and added lemon juice, and let the 

solution cool to room or lower temperature until a firm clear gel is formed. With the aim of tracing 

the gelation mechanism of this system on a chemical physics ground, it is worthwhile considering 

what is known about the ingredients involved. Pectin is mostly made of a linear chain of α-(1-4)-

linked D-galacturonic acid with some of the carboxyl groups esterified with methanol. In some 

regions of the regular polygalacturonate backbone, the presence of 1-2 linked L-rhamnose residues 

increases the structural flexibility and provides sites for the attachment of some neutral sugar chains 

[3]. Depending on the proportion of methyl ester groups, pectin is classified as high methoxyl (HM) 

having 50% or higher esterification degree, or low methoxyl (LM). Both types of pectin form gels 

at concentrations of a few grams per liter, but under different conditions: the gelation of LM pectin 

requires the presence of calcium ions that bind the carboxyl groups of different chains according to 

the so-called  “egg-box” model [4]; HM pectin, which is the type most used in jam or jelly making, 

forms gels at acid pH (lower than 3.5) only in the presence of a large amount of sugar or similar 

cosolutes [5-7] which are known to reduce water activity [7-9]. HM pectin has other applications in 

food industry as a thickening agent or stabilizer.   

Sucrose is one of the most common additives in food sweetening or preservation. It is well 

known that sucrose, like other simple sugars, stabilizes globular proteins against thermal 

denaturation [10]. The mechanism of this effect has been explained in terms of “preferential 

hydration” [11], that is a non-homogeneous distribution of the components of a mixed solvent 

around the macromolecular surface. The preferential hydration results from the balance between the 

excluded volume effect, due to the different sizes of the two solvent components, and the free 

energy change associated with the transfer of the macromolecule from pure to mixed solvent [11]. 

According to the preferential hydration model, sucrose falls in the category of preferentially 

excluded cosolutes.  In fact, the model can explain much experimental data on sucrose effects on 

protein functionality, but it fails in some cases where there is a tendency to favor the exposure of 

hydrophobic surfaces [12,13] that could be attributed to a direct interaction between sucrose and 

protein. Sucrose’s effects on protein gel formation are too complex to be explained by a single 

mechanism. Protein gels are formed only upon protein unfolding; an increase of the gelation 



temperature at increasing sucrose concentration is commonly observed [12-17] due to an increase in  

thermal stability. What remains puzzling is the non-monotonic behavior of the gelation rate and gel 

strength on varying sucrose concentration. The competition between the reinforcement of molecular 

interactions and the viscosity increase that could hinder molecular encounters, has been proposed as 

a possible explanation [13, 15-17].     

Even more controversial are the opinions about the effect of sucrose and other sugars on the 

gelation of biopolymers. Similar to the case of proteins gels, a different behavior is observed at 

relatively low or high sugar concentration. Starting from very low values and increasing sugar 

concentration up to about 40%, an increase in the gel strength and melting temperature is commonly 

observed [18-20]. Further addition  of sugar causes an abrupt decrease in the elastic modulus in 

several biopolymeric systems except for case of gelatin [20]. Finally, a fast growth of both elastic 

and loss modulus is observed on entering the higher concentration region where a rubbery-glass 

transition occurs [21]. The gel structure at high sugar content is also matter of controversy, since the 

gel network has been alternately described as made of aggregated particles [22] or flexible and 

extended chains, lightly cross-linked [23]. In this scenario the sucrose (and more generally sugars) 

may play different roles through modulation of the hydrophobic interaction, direct binding to 

polymeric chains, or bulk viscosity increase. It has been recently shown that the gelation behaviour 

of a high sugar/polymer system can also dramatically depend on the type of sugar added [24],  thus 

showing that no general rules can be easily drawn. 

The gelation kinetics of HM pectin with 60% sucrose at different temperatures has been 

studied by rheology experiments [25]. A non-monotonic dependence of the gelation rate on 

temperature, with a maximum rate at about 30 0C, was observed and attributed to the different 

temperature dependence of hydrogen bonding and hydrophobic interactions, both responsible for 

gelation. Rheological studies at different temperatures on gelled samples with high sugar content 

have shown that the system has a mechanical response with frequency increase that is typical of a 

rubbery-glass transition [26-27]. 

Here we present data on pectin at 0.2 % concentration in sucrose-aqueous solution and gel, 

spanning  a range of sucrose concentration  from a few percent up to well above the minimum value 

(55% w/w) required for observing gel formation at room temperature. We do not present data on 

gelation kinetics, but simply change the sucrose concentration and study the system, both in sol and 

gel state, by Light Scattering and Rheology measurements.  Light Scattering results on the liquid 

side had been the subject of our previous work [28] and are here briefly summarized with the intent 

of providing a more complete description of the system. Data on gelled samples from Dynamic 

Light Scattering are analyzed in terms of Mode Coupling Theory (MCT), originally developed [29-



31] to describe the dynamical properties of supercooled liquids on approaching the glass transition. 

A brief account of MCT applications to the description of gelling colloidal systems is given  in the 

“Theory” section.  

 

MATERIALS AND METHODS 

Pectin Samples. Slow-set high methoxyl pectin (esterification degree 64.5%) was a kind gift from 

Hercules Inc. (Wilmington, DE). Water was Millipore Super Q filtered with 0.22 ím filters. All 

other chemical compounds used were analytical grade from Merk Co. A stock solution at a pectin 

concentration of 2%w/w was preliminarily prepared by dissolving the powder in pure water at 100 

°C for few minutes in a high-speed mixer. The solution was then cooled at room temperature 

overnight, stored at 4 °C, and used up to 2 or 3 days. Samples at a pectin concentration 0f 0.2% and 

different sucrose concentrations were prepared by heating to 100 °C while stirring the potassium 

citrate buffer (pH 3.4) with the appropriate amount of water and sucrose. Stock pectin solution was 

then added and boiled for few minutes. The final buffer concentration was 12 mM.  Finally, a few 

microliters of 50% acid citric solution was added to adjust the pH value to 3.1, and samples were 

filtered at 80 °C through 0.45 µm Corning filters directly into quartz cuvettes. A duplicate of each 

sample, but without pectin, was prepared by the same procedure to be used for the solvent scattering 

measurement. Samples at sucrose concentrations of 55% or higher were prepared and divided in 

several aliquots in glass tubes. One aliquot was put in a quartz cuvette. All the aliquots were put in a 

thermostated bath at 20 0C. The falling balls method was used to check the samples over time until 

they were  found to be capable of sustaining the ball weight (70 mg).  

 

Static and Dynamic Light Scattering Experiments. Samples that do not form a gel, were allowed 

to equilibrate at 20 °C for 1 h in the thermostated cell compartment of a Brookhaven Instruments 

BI200-SM goniometer. The temperature was controlled to within 0.1 °C using a thermostated 

recirculating bath. The light scattered intensity and time autocorrelation function were measured by 

using a Brookhaven BI-9000 correlator and a 100 mW Ar laser (Melles Griot) tuned at 514.5 nm or 

a 35 mW He-Ne laser (Melles Griot) tuned at λ = 632.8 nm. Measurements were taken at different 

scattering vectors q =4πnλ0
−1sin(θ/2) where n is the refraction index of the solution, λ0 is the 

wavelength of the incident light, and θ is the scattering angle. Values of the refractive index at 

different sucrose concentrations were measured by an Abbe refractometer and found almost equal 

to those of the corresponding sucrose-water solutions [32].  

A particular procedure was followed for measurements on gelled samples. Indeed, gels are 

known to exhibit a nonergodic behavior [33], i.e. the intensity autocorrelation function obtained by 



time-averaging is different from that of the ensemble average. This effect arises from the presence 

of frozen structures that are unable to relax over the experimental time scale.  The ensemble-

average correlation function was obtained as a collection of more than 100 time-averaged 

measurements each lasting 10 minutes and taken at different positions by using a motor-driven cell 

holder. The total was normalized for the total number of detected photons and the number of 

individual measurements.  

 

Rheological Experiments. Rheological measurements under low amplitude oscillatory shear were 

performed on a controlled stress AR-1000 rheometer (TA Instruments, UK) using a standard-size 

double concentric aluminium cylinder (rotor outer radius 21.96 mm, rotor inner radius 20.38 mm, 

stator outer radius 20.00 mm, cylinder immersed height 59.50 mm, gap 500 mm). The filtered hot 

solution was loaded into the cylinder set at 20 0C. The cylinder–cylinder upper gap was coated with 

silicone oil to prevent the evaporation. 

Viscosity measurements on liquid samples were performed by applying a shear stress ramp 

ranging from 0 to 80 Pa and recording the corresponding values of shear strain rate. Viscosity was 

obtained as the slope of the shear stress-shear strain rate graphs. Three measurements were done for 

each sample. 

Gelling solutions were loaded and left to form the gel. The viscoelastic spectra were 

measured in a frequency range of 0.02-30 Hz at a strain of 4x10-3, well within the linear viscoelastic 

region.  

 

THEORY 

The Mode Coupling Theory describes the dynamics of a system close to its glass transition 

limit, through the inclusion in the equations of motion of non-linear delayed interactions (or 

coupling) between density fluctuations occurring over different lengthscale [29-31]. On varying the 

parameters that control the static properties, the strength of the dynamic coupling increases with a 

consequent slowing down of the system dynamics, until a critical value is reached. At this point a 

dynamic arrest occurs without any change in the structural properties. Close to the critical point, ϕc ,  

the dynamics is governed by the separation parameter: 

             (1) 

 

Two structural relaxation times with diverging time scales are observed: one, called α-relaxation,  is 

relative to the  macroscopic scale and becomes completely arrested at the glass transition point; the 

other one, called β-relaxation, is relative to the rattling motion of particles confined in cages formed 



by the neighbor molecules and persists on traversing the critical point. Over the range of the β-

relaxation time scale, intermediate between those corresponding to microscopic motion and long-

time α-relaxation, the correlation function of density fluctuations is factorizable and takes the 

general form: 

               (2) 

 

where  the “±” referes to a positive or negative σ value,   fc(q) is the nonergodicity parameter, that is 

the contribution of the frozen structure, h(q)cσ  is the amplitude of the fluctuating part, with 

cσ= c0σ1/2 (c0 is a system-dependent constant).  The temporal dependence is all contained in 

g±(τ/τβ ) with τβ= t0σ|
-δ , δ=1/(2a) where a is a critical exponent. Two limiting forms of g±  are: 

 

for            (4) 

 for            (5) 

 

The α-relaxation, occurring only on the liquid side,  is described by : 

 

             (6) 

 

with τα = t0 |σ|
 -γ , γ = 1/(2a)+1/(2b). No universal form for G(q,τ) is predicted, even if a stretched 

exponential is often observed [31]. 

The validity of MCT in describing the dynamics at the glass transition in a colloidal 

suspension of hard spheres was first proved by van Megen and Pusey [34] by Dynamic Light 

Scattering experiments. Non-aqueous solutions of poly-methylmethacrylate particles stabilized 

against aggregation were concentrated and used to obtain metastable states capable of undergoing  a 

glass transition at a critical concentration value. Further experiments on the same system inside the 

glass phase [35] confirmed that predictions of MCT correctly capture the dynamical features of the 

caging effect described by the β-relaxation. Some years later, Bergenholtz and Fuchs [36] pointed 

out that gelation of dilute solutions of colloidal particles interacting through strong, short range 

attraction,  can be described in terms of the MCT picture. The main parameter is, in this case, the 

ratio between the particle size and the range of the attractive interaction, as the particle entrapment 

is due to the very high energy cost of liberating a caged particle. 

 

 



 

RESULTS 

 

On the sol side 

By Static Light Scattering we measured the form factor of 0.2 % (w/w) HM pectin at T=20 
0C in aqueous solution containing different amounts of sucrose (0-50%). A detailed data analysis 

has been reported in Ref. 28. Here we recall that the form factor, shown in Fig.1, is well described 

by the empirical expression found to be valid in the case of fractal clusters [37-38]: 

 

  

        with        (7) 

 

 

where df is the fractal dimension and Rg is the gyration radius in dilute solution. The expression also 

applies to the semidilute regime with Rg  being a quantity proportional, with a factor of order one 

[39], to the static screening length. The latter represents the monomer-monomer correlation length 

beyond which excluded-volume interactions are screened by the presence of monomers of other 

chains [39-40].  We found df = 1.55 ±0.1. The dependence of Rg on sucrose concentration is shown 

in  the inset of Fig. 1. The small, steady, increase of Rg  is at odds with the expected reduction of 

solvent –exposed surface that sucrose should induce. Rather, the decrease of the solvent dielectric 

constant could be responsible for the increased chain stiffness through reinforcement of electrostatic 

interactions. 

Changes in the sample dynamic properties were explored by Dynamic Light Scattering 

experiments. Electric field autocorrelation functions at different sucrose concentrations are plotted 

all together in Fig. 2.  On increasing sucrose concentration from 0 to 50%,  the main decay time 

increases by more than one order of magnitude, while the contribution of a faster decay becomes  

more visible. A simple exponential decay fit to data was found to be very poor even at 0% sucrose, 

where the fast initial decay is not clearly visible. As we’ll see in the following, the fast decay 

becomes even more visible in gelled samples where it can be clearly ascribed to the presence of 

small clusters of sucrose molecules [41].  However, due to the small amplitude of the fast mode and 

the shortage of experimental points in this time scale, we decided to consider the slow mode only 

and fit data to a stretched exponential function: 

 

 



             (8) 

             

 

This expression is often used to describe the heterogeneous dynamics of disordered materials such 

polymeric melts or supercooled liquids close to the glass transition [31]. This dynamics is the result 

of a distribution of structural relaxation times, whose width is characterized by the value of 

β (0 < β < 1), with smaller values corresponding to wider distributions. We found a gradual 

decrease of β from 0.9 to 0.8 on changing sucrose concentration from 0 to 50%, indicating an 

increase of the dynamic heterogeneity.  

The mean relaxation time, <τ> , is calculated by: 

 

(9) 

 

 

where Γ is the gamma function. Fig. 3 shows on a log-log scale the mean relaxation time vs. q at 

different sucrose concentrations. A similar qn dependence at any sucrose concentration is found. 

The exponent n= 2.3 indicates a  dynamics with a main contribution from Brownian diffusion (n=2) 

together with vibrational motions (n=3) [40]. The inset of Fig. 3 shows the relaxation times relative 

to each solution, normalized by the respective bulk viscosity values. The latter were taken from the 

literature [32]. The collapsing of data to a single curve indicates that the slowing down of pectin 

dynamics is entirely due to the bulk viscosity increase. 

The viscosity values of HM-pectin solutions were determined by rheological measurements. 

Fig. 4 shows the resulting viscosity vs. the sucrose concentration, as compared with the solvent 

viscosity at the same sucrose concentration. The comparison shows that the diverging behavior of 

the sample’s viscosity cannot be totally ascribed to the solvent viscosity, since the pectin 

contribution is seen to increase with sucrose concentration. Finally, we note that no sign of shear 

thinning, as observed by other authors [42], is visible under our conditions probably due to the 

lower value of pectin concentration used.   

 

From sol to gel 

In studying the sol-gel transition in systems that form physical gels, the kinetic aspects 

deserve to be carefully considered, especially when the tuning effect of a given parameter has to be 

evaluated. Indeed, depending on the technique employed [43], it may be arduous to exactly define 

the sol-gel transition point or the attainment of a steady state. The latter may be practically never 



gained in several physical gels as a further phase (aging) of minor rearrangements is often observed 

in several physical gel as a further phase (aging) of minor rearrangements is often observed.  At 

0.2% pectin concentration and 60 % sucrose, a gel forms in a few hours, while some days are 

necessary at  58 % sucrose. For the purpose of comparing samples at equivalent final stages of  

gelation kinetics, we used the classical method of the falling balls for determining  when a self-

supporting network was formed. Samples at different sucrose concentrations were prepared and 

kept in a thermostated bath at 20 0C to be periodically checked until they were found capable of 

sustaining the weight of a small steel ball. Although this empirical method probably overestimates 

the time necessary for the formation of a stable structure, it provides  a convenient tool when 

dealing with very long kinetics. Table I reports the so estimated times at different sucrose 

concentrations.    

 

Gelled samples 

Static light scattering data from gelled samples with different amounts of  sucrose were 

collected by ensemble averaging as a function of the q-vector. Results are shown on a log-log plot 

in Fig. 5. No differences were observed in the q-dependence of the different samples. The fractal 

dimension, given by the slope of log (I) vs. log(q), is almost constant with a value ranging between 

1.5 and 1.6, practically the same as that obtained in liquid samples.  

Ensemble-average correlation functions measured by DLS on gels with different sucrose 

content are  shown in Fig. 6. Only the results for three samples are reported to prevent 

overcrowding of the figure. The high value of the non-decaying component indicates that the major 

fraction of the scattered light comes from species that do no relax over the experimental time scale. 

Two decays are also visible: the first one, occurring on a time scale of a few tens of microseconds, 

is well described by an exponential; the second one takes a much longer time and can be 

represented by a stretched exponential decay. To ascertain the kind of motion associated to the first 

decay, we looked at its q-dependence in the gel at 60% sucrose. A linear relationship between Г and 

q2  was observed as shown in Fig. 7. This assures that the motion corresponds to a free diffusion of 

small objects inside the gel matrix. The latter could be sucrose clusters, whose presence has  been 

observed in aqueous solution even at very low sucrose concentration [41]. This hypothesis was 

tested by measurements on a sample with 60% sucrose prepared following the same protocol, but 

without pectin. Similar Г values were obtained as shown  in Fig. 7.  The slope of Г vs. q2 gives a 

diffusion coefficient of 8.1x10-7 cm2/s. To estimate the hydrodynamic radius of the diffusing 

sucrose clusters, the value of the local viscosity needs to be known. Using the bulk viscosity gives 

an unphysical value of 0.4 Å , whereas that of pure water gives 2.6 nm. 



Following the suggestion that a glass transition could be entered on increasing sucrose 

concentration, as indicated by the results on liquid samples, we attempted a data analysis in terms of 

MCT.  Data relative to the correlation function tail were fit to Eq. 2 with g± given by Eq. 4. In a first 

run all fit parameters were left free. The small spread in the values of the exponent a suggested that 

we repeat the fitting procedure by keeping it constant and equal to the fit average value of 0.345. 

MCT predicts 0 < a < 0.5, and a value of 0.305 was found in the case of hard colloidal spheres [33]. 

Fig. 8 shows the correlation functions scaled according to the results of the fitting procedure. The 

quantity shown in the figure is [f(τ)-fC]/k with the k = [h(q)*cσ]*(τβ) a. In this  way, each correlation 

function was normalized by its own parameters (the baseline offset fC, the amplitude of the β-

relaxation [h(q)*cσ], and the scaling time τβ)  so that a unique time dependence obeying the MCT 

prediction should be observed at large τ. The continuous line in the figure represents the master 

function g± = (τ) -a for the β-relaxation with τβ = 1. Upon scaling, the long-time tails of data related 

to different sucrose concentrations are made coincident over two orders of magnitude of time.  This 

result confirms that, at least from a phenomenological point of view, MCT is applicable in our case, 

so indicating that the dynamic behavior is the same for each sample. For a quantitative comparison, 

the theoretical values of fc(q) and h(q) need to be known, as calculated starting from an appropriate 

interaction potential. In its absence we can look at the dependence of the fit parameters on sucrose 

concentration. One prediction that can be easily tested is the dependence of τβ on σ| 1/2a. In panel A 

of Fig. 9, we plot (1/τβ)
 2a vs. sucrose concentration to test the hypothesis that sucrose concentration 

plays the role of a critical parameter. The hypothesis appears reasonably valid. In panel B of the 

same figure the dependence of fc and [h(q)*cσ] are shown. The fc behavior reflects the increasing 

degree of the freezing of the system with increasing sucrose concentration. No conclusions can be 

drawn from the decrease of the motional amplitude [h(q)*cσ] with increasing sucrose concentration 

since the variation in h(q) with changes in potential interaction at varying sucrose concentration is 

not known. 

Mechanical properties of the gelled samples were characterized by measuring the 

viscoelastic spectra. Fig. 10 shows the dependence on frequency of the storage (G'(ω)) and  loss-

modulus (G''(ω)). The solid-like character of any sample is manifested by the nearly flat behavior of 

G'(ω), whose magnitude increases with the sucrose concentration. The viscous modulus G''(ω) 

increases quite linearly with ω over the entire frequency range and crosses G'(ω) at a frequency 

value that increases with increasing sucrose concentration. Except for the magnitude, no differences 

are seen in  G'(ω) and G''(ω) behavior at varying sucrose concentration, thus suggesting that a 

master curve would be easily obtained. This was accomplished by firstly scaling G'(ω) and G''(ω) of 

each data set by the respective plateau modulus (AG), and subsequently determining the scaling 



factors (Aω) for the frequency.  The master curve shown in  Fig. 11 is very similar to that observed 

for solidlike samples of weakly attractive colloidal particles above a critical value of particle 

concentration or interaction energy [44].  The relationship between the scaling factors is shown in 

the inset of Fig.11. The scaling of the viscoelastic data evidences that the increased solid-like 

character of gels with different sucrose contents is due to a higher extent of frozen structure formed 

by the same mechanism.  

 

 

 

CONCLUSION 

 

Tracing the mechanism of pectin gelation in the presence of sucrose to changes in the 

specific interactions between pectin, sucrose and water is made difficult by the lack of a clear 

understanding of the sugars effects on the gelation of biomolecules, as discussed in the 

Introduction. Here we have presented results on aqueous solutions of HM-pectin at varying sucrose 

concentrations, so as to span from liquid to gelled samples.   

Pectin in sol samples appears as a system of branched clusters with strong hydrodynamic 

interactions. An increase in sucrose content induces a moderate increase in the screening length and 

a strong slowing down of the dynamics, proportional to the divergence in the bulk viscosity.  The 

residue dynamics in gelled samples are seen to agree well with predictions of Mode Coupling 

Theory for the glass transition in supercooled liquids. This may appear quite surprising considering 

the complexity of the system under study, made of a natural polymer in sucrose-water solution. This 

finding further supports the idea that different phenomena characterized by an abrupt dynamic 

arrest can be described in a unified view [45]. In particular, it has been proposed that a jamming 

phase diagram, whose axes are density, interaction energy and applied stress, is capable of 

describing a wide variety of phenomena occurring in attractive colloidal systems such as the 

colloidal glass transition, gelation and aggregation [46]. This approach also provides useful 

indications of the relevant parameters for tailoring system properties.  If the MCT model is used to 

describe the behavior of our system, sucrose concentration appears to play the role of a critical 

parameter for pectin gelation. Further work is necessary to determine whether the viscosity increase 

or the reinforcement of short range interactions, or both of these, are responsible for this effect.    
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FIGURE CAPTIONS 

 

Fig.1 Form factor,  P(q), of 0.2% HM-pectin vs qRg at different sucrose concentrations: 0% 

(black); 5% (red); 10% (green); 20% (blue); 30% (pink); 40% (cyan); 50% (orange). The 

continuous line is the fit to eq 1 in the text with df=1.55. The inset shows the Rg values at different 

sucrose concentrations.  

 

Fig.2 Electric field auto-correlation functions g (1) (τ) at 90° scattering angle for solutions of HM-

pectin  with different sucrose content. Color code as in Fig. 1. 

 

Fig.3 Mean relaxation time, τ, vs q of HM-pectin in aqueous solution with different sucrose content 

on a log-log scale. In the inset τ-values were normalized for the solution bulk viscosity. Color code 

as in Fig.1. 

 

Fig.4 Viscosity of aqueous solutions of HM-pectin with different sucrose content vs sucrose 

concentration (circles). The corresponding viscosity value  of aqueous sucrose solution without 

pectin is also shown for comparison (triangles). 

 

Fig. 5 Static light scattered intensity vs. q for gels of HM-pectin with different sucrose content: 

55% (black); 56% (red), 57%(green), 58%(blue), 60%(pink); 62.5%(cyan), 65% (orange). The 

intensity values were obtained by averaging over different sample regions.  

 

Fig.6 Ensemble average electric field auto-correlation function measured at 900 scattering angle on 

gels of HM-pectin with  sucrose content of: 55% (empty circles), 58% (full circles), 60% (empty 

diamonds). 

 

Fig.7  q-dependence of the relaxation time of the initial fast decay time for a gel of HM-pectin with 

60% sucrose (black circles), and an aqueous solution with 60% sucrose (white triangles). 

 

Fig.8 Ensemble-average electric field autocorrelation functions scaled according to Eq. 2. The 

critical parameters fc(q) and [h(q)*cσ] are given in Fig. 9. The solid line represents the master 

function g±(τ) with τβ =1 for the β process of Mode Coupling theory. 



 

Fig.9 Fit parameters to Eq. 2 of the correlation functions of gelled samples vs. sucrose 

concentration. Panel A: (1/τβ)
2a; panel B: fc   (full square); [h(q) cσ] (empty triangles); 

 

Fig.10 Mechanical spectra (G'(ω) (full symbols),  G''(ω)  (empty symbols)) measured on HM-pectin 

gels with different sucrose content: 56% (black); 58% (red), 60% (green); 62.5% (blue), 65% 

(pink).  

 

Fig.11 Master curve showing the scaled moduli G'S(ω) and G''S(ω) vs. the scaled frequency ωS. 

Color code as in Fig.10. The inset shows the relationship between the scaling factors. 



TABLE I 
Waiting time (tw)for the formation of  
a self-supporting structure  
 
CSucrose (%w/w) tw (hr) 

55 320 
56 150 
57 72 
58 35 
60 6 

62.5 1.5 
65 0.5 
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