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Chemical composition and properties of spray-dried sugar beet concentrate 
obtained after ultrafi ltration of diffusion juice
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Ultrafi ltration of diffusion juice is a method that can reduce environmental pollution during the production of 
sugar. A by-product (concentrate) of ultrafi ltration contains a large amount of sucrose, but due to its properties, 
it is diffi cult to manage. The aim of this study was to determine the effects of the temperature used during drying 
of diffusion juice concentrates on the content of certain components and characteristics of resultant preparations. 
Diffusion juice obtained from one of the Polish sugar plants was subjected to ultrafi ltration and the obtained 
concentrates were dried in a spray dryer. In the dried samples, the following parameters were analyzed: dry mass, 
sucrose, total ash, protein, crude fi ber and color. It has been declared that the degree of concentration and drying 
temperature infl uenced  the chemical composition and the properties of the dehydrated diffusion juice concentrates. 
An increase in drying temperature was accompanied by the increased content of dry mass, protein, ash and fi ber 
content in the preparations. The greater the degree of juice concentration, the greater was the content of dry 
mass, ash, and fi ber. Inversely, the greater the degree of juice concentration, the lower the content of sucrose. The 
brightest color of the dehydrated product was observed at the drying temperature of 200oC. Spray-drying may be 
used for waste management after the diffusion juice membrane fi ltration, and the resultant preparations might be 
used in the production of feedstuff or food industry in general e.g. as sucrose source, in fermentation processes 
or in microorganisms propagation.
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INTRODUCTION

     The sugar industry is one of the most energy-intensive 
food industries. Thickening of the purifi ed juice requires 
vast amounts of energy, and purifi cation of the diffusion 
juice, i.e. defecation and  carbonation, are also burden-
some to the environment. 

During limestone burning, the resultant fl ue dust is 
partly removed during the purifi cation of kiln gas, while 
the excess CO2 and other gases pass to the atmosphere 
during fl ue gas carbonation.  Membrane fi ltration is an 
alternative to this technology.

In 1971, Madsen1 fi rst described the results of diffu-
sion juice ultrafi ltration using cellulose nitrate mem-
branes. Ultrafi ltration of diffusion juice with a purity 
of 88.9% resulted in achieving a purity of 91.5%, and 
after the standard purifi cation process (defecation and  
carbonation) – 92%. Schrevel2 found that in order to 
achieve a suffi ciently high purity of juice after fi ltration, 
a membrane with a cutoff from 10 kDa to 0.1 mm was 
needed. Similarly, Bubnik3 and Hinkova et al.4 obtained 
good results using a ceramic membrane with a pore size 
of 20 nm. Sarka et al.5 studied juice ultrafi ltration using 
various membranes, including a ceramic membrane with 
a 20 nm cutoff, with good results too.

As it is clear from these studies, juice purifi cation using 
membrane techniques can have an effect comparable to 
that of traditional methods, concerning thin juice purity 
and purifi cation effect. An extensive review of literature, 
related to the use of membrane technology in the sugar 
industry, is presented in Lipnitzki et al.6.

The use of membrane techniques for the purifi cation of 
diffusion juice does however involve the problem of develo-
ping the by-product, i.e. concentrate remaining after fi ltration, 
which contains all the high molecular weight substances 
separated by the membrane, in addition to small amounts 
of sucrose. Due to fouling of membranes and other issues, 

the most commonly achievable volume concentration factor 
(VCF) is a maximum of 57 or even 68. Unfortunately, the 
greater the VCF, the faster the membrane fouling which 
reduces the effi ciency of the process. In a sugar plant  co-
nverting 10. 000 tons of sugar beet per day,  about 2.000 
m3 of concentrate may be produced. As this has a valuable 
chemical composition, it should not be treated solely as waste, 
but may have some potential use, especially after drying.

EXPERIMENTAL 

The aim of this study was to determine the effects of 
the temperature used during drying of diffusion juice 
concentrates on the content of certain components and 
characteristics of resultant preparations. The research 
was performed on diffusion juice obtained from one of 
the Polish sugar plants. The ultrafi ltration was performed 
using a test rig with a Fairey ceramic tubular membrane: 
pore diameter – 0.2 μm, type – asymmetrical,  fi ltration 
area – 0.24 m2 ; pH range 1–14. Process was performed 
using an ultrafi ltration unit (produced by Euro-Sep, 
Warsaw, Poland) which is shown on Figure 1.

Ultrafi ltration parameters: T = 35oC; p = 0.13 MPa; 
closed circuit (fi ltrate turn back to feed tank). Concen-

Figure 1. The scheme of ultrafi ltration unit
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this was due to a number of chemical reactions induced 
by excessive temperature.

An increase in drying temperature caused an increase 
in dry matter content in the preparations. Similarly, 
the more  fi ltrate that was isolated, the greater the dry 
weight level recorded in the dried preparations. The 
highest content of dry matter was found in preparations 
obtained after drying at 250oC, obtained from concen-
trate at 2/3 volume. 

The resulting preparations were characterized by a 
very high content of sucrose: 78.98%–83.04%. This is 
due to the pore size in the membrane (0.2 μm), which 
halted the pulp and macromolecular chemicals that are 
harmful in the later stages of the production process. 
However, sucrose (Table 3) and substances with smaller 
particles were present in both the fi ltrate and concentrate. 
Separation of substances with a molecular weight lower 
than sucrose is possible by nanofi ltration, which can be 
used for the thickening of the purifi ed juice6. Such a high 
sucrose content in the dehydrated by-products creates 
opportunities for their use as a high-energy feed additive 
for fermentation and other industries.

Protein content (Table 4) in the formulations was 
greater the higher the drying temperature. However, 
there was no difference in protein content between 
preparations obtained after separation of the 1/2 and 
2/3 of fi ltrate. The natural tendency is a higher protein 
content (high molecular weight substances) where the 
concentrate thickening was seen only in preparations 
dried at a temperature of 150oC. Higher drying tem-
peratures may have caused chemical reactions between 
different substances (such as sugars) and the partial 
breakdown of proteins, resulting in irregular changes 
in protein content.

Data presented in Table 5 indicate that the ash content 
in the preparations increased with the degree of con-
centration and temperature increase. Cations present in 

trate samples were collected after separating 1/3, 1/2 
and 2/3 of the fi ltrate volume. Drying was carried out 
in a spray drier (Lab. 1). Technical data: temperature 
range: 300/90oC inlet/outlet; max water evaporate: 7.5 
kg/h. Drying temperatures were: 150oC, 200oC, 250oC, 
and 300oC. In the dried samples of concentrates, the fol-
lowing parameters were analyzed: dry mass (thermo-gra-
vimetric method)9, sucrose (polarimetric method)9, total 
ash (gravimetric method)9, protein (Kjeldahl method)9, 
crude fi ber (Henneberg and Stohman method)10 (all in 
mass percentage) and color, examined using a Chroma 
Meter CR-200b Minolta camera (L*, a*, b*)11. The results 
were statistically analyzed in STATISTICA 7.0. One-way 
multivariate analysis of variance at a confi dence level 
α = 0.95 were performed. Homogeneous groups were 
determined using Duncan’s multiple comparison test.

RESULTS AND DISCUSSION

The study used diffusion juice obtained from a sugar 
plant, and immediately after collection, juice ultrafi ltra-
tion was performed. The chemical composition of the 
diffusion juice is shown in Table 1. 
Table 1. The chemical composition of the diffusion juice

Table 2. The dry matter content in the preparations obtain by spray-dried concentrates after ultrafi ltration of the diffusion juice

Table 3. The sucrose content in the preparations obtain by spray-dried concentrates after ultrafi ltration of the diffusion juice

Table 4. The protein content in the preparations obtain by spray-dried concentrates after ultrafi ltration of the diffusion juice

As is apparent from the data, the juice had moderate 
levels (in Polish conditions) of dry matter and sucrose, 
as well as protein and ash. Fiber content is not usually 
determined in sugar analytics, as only pectins may cause 
problems in the later stages of the production process. 
The collected concentrate samples were spray-dried 
at 150oC, 200oC, 250oC and *300oC. The temperature 
300oC proved to be impossible to use in the experiment, 
as the dryer jets became instantly clogged. Most likely, 
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the diffusion juice ash are mainly potassium, and then in 
smaller quantities – sodium, magnesium and calcium12. 
These ingredients do not undergo chemical reactions at 
the drying temperatures used. The increased ash content 
is mainly due to an increase in dry matter content in 
the preparations, due to an increase in drying tempera-
ture. The high content of potassium in the dehydrated 
preparation is also important from the point of use of 
things such as animal feed. 

The fi ber content (Table 6) in the preparations was 
particularly infl uenced by the degree of concentration. 
The fi ber primarily consists of cellulose, hemicellulose 
and pectin, which generally are not dissolved in the 
diffusion juice. Such components mainly come from 
particulate fragments of beet root fragments that are not 
retained on the pulp catchers. These were separated at 
the membrane, gradually increasing fi ber content in the 
concentrate. The increased fi ber content that accompa-

CONCLUSIONS

1. The degree of concentration and drying temperature 
infl uenced the chemical composition and the properties 
of the dehydrated diffusion juice concentrates.

2. An increase in drying temperature was accompanied 
by the increased content of dry mass, protein, ash and 
fi ber content in the preparations.

3. The greater the degree of juice concentration, the 
greater was the content of dry mass, ash and fi ber. In-
versely, the greater the degree of juice concentration, 
the lower the content of sucrose.

4. The brightest color of the dehydrated product was 
observed at the drying temperature of 200oC.

5. Spray-drying may be used for waste management 
after the diffusion juice membrane fi ltration, and the 
resultant preparations might be used in the production 
of feedstuff or the food industry, in general.

Table 5. The ash content in the preparations obtain by spray-dried concentrates after ultrafi ltration of the diffusion juice

Table 6. The fi ber content in the preparations obtain by spray-dried concentrates after ultrafi ltration of the diffusion juice

nies the increasing drying temperature is primarily due 
to a decrease in the water content in the resulting pre-
parations. The decomposition of pectins may have also 
been of some signifi cance, as they have relatively little 
resistance to higher temperatures12. The color of the 
preparations (Table 7) was characterized by an objective 
measurement of the parameters “L”, “a” and “b”. The 
values   of “L”, indicating the brightness of color, ranged 
from 37 to 54 (100 – a perfectly white body11). The 
brightest color was observed in preparations dried at 
200oC. The probable cause was the duration of drying, 
which at 150oC (only slightly higher than the boiling 
point of the concentrated solution12) was longer than 
at 200oC. The 250oC temperature was high enough for 
a greater number of colored substances to appear, such 
as melanin, melanoidin and caramel substances12.

The levels   of “a” were close to 0, which with the po-
sitive levels   of “b”, indicate a color similar to yellow11. 
A brown or brownish color, characteristic of melanins, 
melanoidins and caramel, resulted from the low concen-
trations in the preparations. It is worth noting that the 
color of the preparation was pale in comparison with 
other sugar intermediates, which indicates relatively 
small transformations that lead to the formation of 
colored substances.

LITERATURE CITED
1. Madsen,   R. (1971). Ultrafi ltration as a Method for Juice 
Purifi cation. Zuckerindustrie, 12, 612–614. 
2. Schreve  l, G. (2001). Membrane fi ltration on beet raw juice 
and prelimed juice. Zuckerindustrie 5, 386. 
3. Bubnik,    Z. Hinkova, A. & Kadlec, P. (1998). Cross-fl ow 
Micro- and Ultrafi ltration Applied on Ceramic Membranes 
in Impure Sugar Solutions. Czech J. Food Sci. 1, 29–32. 
DOI: S1383-5866(01)00121-6.
4. Hinkowa   , A. Bubnik, Z. Kadlec, P. & Pridal, J. (2002). 
Potentials of separation membranes in the sugar industry. 
Separation and Purifi cation Technology 26, 101–110. DOI: 
10.1016/S1383-5866(01)00121-6.
5. Sarka,  E. Smolik, J. Gebler, J. & Bubnik, Z. (1999). Ul-
trafi ltration of raw juice. 21-st General Assembly CITS May 
24–28, Antwerp. 
6. Lipnitz  ki, F. Carter, M. & Tragardh, G. (2006). Applications 
of membrane processes in the beet and cane sugar production. 
Zuckerindustrie 1, 29–38. 
7. Attridg e, L. Eringis, A. & Jaferey, I. (2001). Ultrafi ltration 
of Beet Diffusion Juice using spiral and tubular polymeric 
membranes. ASSBT, 3st General meeting, Vancouver, 28 
Feb.–3 March. 
8. Tyndall , T.J. (1999). Recent developments in sugar clarifi ca-
tion with tubular polymeric membranes. Proc. of the symposium 
on advanced technology for raw sugar and cane and beet sugar 
refi ned sugar production, New Orleans, USA, 8–10 Sept. 
9. Butwiło wicz, A. (1997). Analytical methods for production 
control in sugar factories [in Polish]. IPC, Warszawa.



  Pol. J. Chem. Tech., Vol. 17, No. 1, 2015 137

10. Kita, A. Tajner-Czopek, A. (2005). Analysis of food – the 
quality of food products [in Polish]. UP Wrocław. 
11. Oszmiańsk i, J. (2002). Technology and analysis of the 
products of the fruit and vegetables [in Polish]. AR Wrocław. 
12. Dobrzycki,  J. (1984). Chemical basics of sugar technology 
[in Polish]. WNT, Warszawa.

Table 7. The color of the preparations obtain by spray-dried concentrates after ultrafi ltration of the diffusion juice


