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Abstract 

 
Sucrose in molasses is responsible for the largest yield loss in a sugar factory. The amount of 

sucrose which can be recovered in the last stage of crystallization, after product cooling crystallization, 
depends on its solubility in the molasses. The impact of the quality and amount of nonsucrose 
compounds on the sucrose solubility and crystallization kinetics become particularly important in the 
lower purity of syrups and molasses.  

A short review about sucrose solubility in sugar beet molasses of widely differing quality was 
carried out. The saturation coefficients determined by the experimental saturation test was compared 
with the values predicted on the basis of molasses quality by means of the equations cited by Reinefeld 
et al. and Bohn et al. There was statistically good relationship between the saturation values estimated 
by three methods. The impact of nonsucrose compounds on the saturation coefficient was evaluated by 
statistical analysis.  

Saturatin coefficient is changed during sugar beet processing and has an important role in the 
management of industrial crystallization as one of micro kinetic elements.  
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Introduction 
 

Supersaturation is the driving force of the crystallization process, which must be 
limited to the metastable zone in order to avoid the formation of new nuclei. For pure sucrose 
solution the crystallization metastable zone lies between 1.0 and 1.2 of supersaturation 
coefficient. In industrial sugar solutions nonsucrose compounds can affect the sucrose 
solubility, viscosity, crystal growth kinetics and morphology (MAURANDI & al. [1]; 
ABDEL-RAHMAN & al. [2]; GRBIĆ & al. [3]). The change in sucrose solubility changes the 
boundaries of the crystallization zones. The effect of the nonsucrose compounds are most 
evident in the final stages of the sucrose crystallization, where the concentrations of the 
nonsucrose compounds in related to sucrose are higher. 

The variation of the sucrose saturation limit with purity is described for beet molasses 
by saturation coefficients, that is the ratio of the solubility of sucrose in a technical saturated 
solution and a pure saturated solution at the same temperature (POEL & al. [4]). In sugar cane 
industry, the saturation coefficient are often related to the nonsucrose to water ratio and also 
to the reducing sugar to ash ratio. In generally it is lower than 1 and decrease as reducing 
sugar to ash ratio increases (MARTINS & al. [5]). In sugar beet industry saturation coefficient 
are related to the nonsucrose to water ratio and in generally it is higher than 1 (CARTER & 
NURMI [6]).  
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The saturation coefficient has been studied by a number of researchers. The commonly 
accepted linear correlation of the beet molasses saturation coefficient, at a nonsucrose/water 
ratio above 1.5, was described by the Wagnerowski equation (WAGNEROWSKI & al. [7]): 
ysat,W = m .  qNS/W + b                                                                                                            (1) 

where ysat,W is the saturation coefficient, m and b are the coefficients and qNS/W the 
nonsucrose/water ratio.  

VAVRINECZ [8] developed equation which allows the saturation coefficient determination 
for any temperature and nonsucrose/water ratio: 

ysat, V = m .  qNS/W + b + (1 – b) . exp(-c . qNS/W)                                                                     (2) 

REINEFELD & al. [9] proposed formula to predict the saturation coefficient on the basis of 
sugarbeet molasses quality. It was expressed by the eq. (3): 

ysat,R = k0 + α(t – 62) + [k1 + k2 
.  + k3 

.  + β(t – 62)] . qNS/W                                (3)                                           

where k0 = 0.771, k1 = 0.256, k2 = -1.756, k3 = 0.041, α = 0.000944, β = -0.000315, t is the 
saturation temperature, wCaO the lime salts content, wA the conductometric ash content and 
wNS  the nonsucrose content. 

The formula according to BOHN & al. [10] was defined by eq. (4). 

ysat,B = k0 + (k1 + k2 
.  + k3 

.  ) . qNS/W                                                                                      (4) 

where k0 = 0.716 and  k1 = 0.286. 

Evaluation of beet molasses saturation coefficients determined according to equations (1), (3) 
i (4) and the nonsucrose compounds impact on the saturation coefficient are presented in this 
paper. Saturation coefficient has an important role in the management of after-product 
massecuite cooling crystallization. Cooling crystallization has most important application in 
the final stage of the sugar process, to maximize molasses exhaustion.  
 
Material and methods 
 

Samples of sugar beet molasses were taken directly from the production of a Serbian 
sugar factory over a period of twenty days. The average daily molasses samples were 
prepared from the samples, which were taken every 4 hours.   

The physico-chemical analyses of molasses composition were carried out according to 
the methods published in the Laboratory Handbook (MILIĆ & al. [11]). The dry substance 
was determined refractometrically by the digital automatic refractometer (DUR – S, Schmidt 
+ Haensch, Germany). The sucrose content was determined polarimetrically by a digital 
automatic saccharometer (Saccharomat IV, Schmidt + Haensch, Germany). pH value was 
measured by the potenciometric method (pH meter MA 5705, Iskra, Slovenia). Potassium and 
sodium contents were measured by the atomic absorption spectrophotometer (Carl Zeiss, 
Germany). α-amino-N was determined by the Blue number method (spectrophotometer 
Specord M40, Carl Zeiss, Germany). The content of lime salts was determined by the 
complexometric method. The ash was analyzed conductometrically (conductivity meter MA 
5964, Iskra, Slovenia). The reducing sugar content was determined by Berlin Institute 
method. 
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The saturation test of molasses was carried out according to the method published in the 
Laboratory Handbook (MILIĆ & al. [12]). It was carried out on the five-day samples of 
molasses which were prepared by mixing the average daily molasses samples of five days. 
 

Results and Discussions 
 

The physico-chemical composition of sugar beet molasses during a twenty-day period are 
given in Table 1. The values of determined quality parameters vary widely, that is related to 
the processing heterogenous sugar beet material.  
The saturation coefficients determined experimentally by the saturation test (Wagnerowski & 
al. equation) and values calculated by means of equations according to Bohn & al. and 
Reinefeld & al. are presented in Figure 1. The saturation coefficients varied during a twenty 
day period. This indicated that the sucrose solubility varied due to a change of molasses 
quality. 
 

Table 1. The mean contents and standard deviations of parameters in groups of five average daily samples of 
sugar beet molasses    

Parameter 1 2 3 4 

Dry substance in % 81.20±0.79 76.76±1.18 80.40±0.60 80.64±1.87 

Sucrose in °Z 48.20±0.80 45.56±0.98 47.80±0.71 48.96±0.75 

Purity in % 59.36±0.50 59.35±0.39 59.45±0.59 60.72±0.79 

pH value 8.32±0.44 7.34±0.50 7.02±0.87 8.42±0.38 

Potassium in mmol/100 °Z 195.54±6.77 179.65±7.10 177.72±6.06 185.72±5.37 

Sodium in mmol/100 °Z 84.80±3.88 91.02±2.67 83.66±10.13 83.05±7.19 

α-amino-N in mmol/100 °Z 41.13±1.01 48.19±2.62 33.72±6.87 25.42±2.21 

Lime salts in g/100 g DS 0.69±0.05 0.54±0.06 0.47±0.08 0.40±0.07 

Ash in g/100 g DS 14.28±0.32 13.58±0.20 14.12±0.51 14.80±0.43 

Reducing sugars in g/100 gDS 0.555±0.14 1.420±0.41 0.973±0.16 0.578±0.14 

 
Fig 1. Variation of saturation coefficients during twenty days 
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The degree of the deviation of the saturation coefficients according to Wagnerowski was 
higher than in case of Reinefeld and Bohn equations. Also, the mean value according to 
Wagnerowski was higher. It is presented in Table 2. 
By testing the analysis of variance it was demonstrated that differences between saturation 
values according to Wagnerowski, Reinefeld and Bohn were not significant at the 95 % and at 
the 99 % significance level (HADŽIVUKOVIĆ [13]). It is presented in Table 3. 
 
Table 2. Saturation coefficients according to the Reinefeld, Bohn and Wagnerowski equations 

Saturation coefficient Mean 
Standard 
deviation 

Variation 
coefficient 

Reinefeld et al.  1.161 0.051 4.427 

Bohn et al.  1.160 0.057 4.884 

Wagnerowski et al. 1.190 0.068 5.739 

 
Table 3. Analysis of variance 

Source of 
variation 

Degrees of 
freedom 

Sum of 
squares 

Mean 
square 

F-ratio F0,05 F0,01 

Treatment 2 0,011 0,005 

1,25 3,15 4,99 Error 57 0,201 0,004 

Total 59 0,212  

 
Table 4 presents the results of LSD test, which confirmed that the differences between 
saturation coefficients obtained by Wagnerowski, Reinefeld and Bohn equations were not 
statistically significant at the 95 % and at the 99 % significance level (HADŽIVUKOVIĆ 
[13]). The saturation coefficients calculated according to Wagnerowski are the more accurate 
data, but the saturation test requires the longest time of experimental procedure. The predicted 
saturation coefficients calculated according to Reinefeld and Bohn are applicable for a rapid 
control of the sucrose solubility.  
 
Table 4. LSD test 

Differences between average 
saturation coefficients 

t0,05;57 t0,01;57 LSD0,05 LSD0,01 

Ysat,W  – Ysat,B 0,030 

2,004 2,670 0,034 0,045 Ysat,W  – Ysat,R 0,029 

Ysat,R  – Ysat,B 0,001 

 
The variation of the saturation coefficient according to Wagnerowski  in related to content of 
total nonsucrose compounds in molasses is presented in figure 2. The results show highly 
significant correlation (0.693**). The tabular value of the correlation coefficients has to be 
0.444 for 18 degrees of freedom and a significance level of 0.05, or for a significance level of 
0.01 it has to be 0.561 (HADŽIVUKOVIĆ [13]).  
Nonsucrose compounds has different impact on the solubility of sucrose, that is presented in 
Table 5. Alcali ions lead to higher solubility of sucrose, while organic nonsucrose substances 
decrease solubility of sucrose (MAURANDI & al. [1]; GRBIĆ & JEVTIĆ-MUČIBABIĆ 
[14]).  
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Fig 2. Saturation coefficient according to Wagnerowski as function of total nonsucrose content in molasses 

 
Table 5. Statistical analysis for dependence of molasses quality parameters and saturation coefficient according 
to Wagnerowski  

Parameter of molasses quality Saturation coefficient r r0.05; 18 r0.01; 18 

Organic nonsucrose / nonsucrose Saturation coefficient -0.519* 

0.444 0.561 

Ash Saturation coefficient 0.663** 

Potassium Saturation coefficient 0.372 

Sum of potassium and sodium Saturation coefficient 0.096 

Lime salts Saturation coefficient -0.102 

α-amino-N Saturation coefficient -0.652** 

Reducing sugars Saturation coefficient -0.674** 

 
Conclusions 
 

On the basis of the results the following conclusions were drawn: 
― During sugar beet processing composition of nonsucrose compounds varied in a wide 

range that  influenced on the variability of sucrose solubility and saturation coefficient.  
― The differences between saturation coefficients according to Wagnerowski & al., 

Reinefeld & al. and Bohn & al. were not statistically significant at the 95 % and at the 
99 % significance level.  

― The equation according to Wagnerowski & al. gave more accurate values, but the 
saturation test required the longest time of experimental procedure. 

― Statistical analysis shew a different influence of nonsucrose compounds on the 
saturation coefficient. Alcali ions led to higher solubility of sucrose, while organic 
nonsucrose compounds decreased solubility of sucrose. 

 
Symbols 
 

b, c, m Coefficient 
k0 Coefficient 
k1 Coefficient 
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k2 Coefficient 
k3 Coefficient 
qNS/W Nonsucrose/water ratio in g/g 
t Saturation temperature in °C 
wA Conductometric ash content in % 
wCaO Lime salts content in % 
wNS Nonsucrose content in % 
ysat,B Saturation coefficient according to Bohn & al. 
ysat,R Saturation coefficient according to Reinefeld & al. 
ysat,V Saturation coefficient according to Vavrinecz & al. 
ysat,W Saturation coefficient according to Wagnerowski & al. 
α Coefficient 
β Coefficient 
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