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ABSTRACT 
Sugar beet molasses, a concentrate of mineral elements and a number of bioactive compounds, can be useful to supplement a 

range of components in the production of enriched food products. The quality of molasses as a raw material in the food industry was 
investigated in this paper. The basic chemical composition, as well as betaine content in the molasses produced in the domestic sugar 
factories, were analyzed. Betaine constitutes one of the principal non-sugar organic matter in molasses. Betaine content, which has a 
significant role in the functioning of human organism, was determined by HPLC method. 
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REZIME 
Melasa šećerne repe, kao koncentrat biogenih elemenata (kalijum, kalcijum, magnezijum, natrijum) i niza bioaktivnih jedinjenja 

(proteini, betain, glutaminska kiselina, purinske i pirimidinske baze, organske kiseline, melanoidini) svrstava se u sirovinu koja može 
da upotpuni asortiman korisnih sastojaka u proizvodnji obogaćenih prehrambenih proizvoda. Hemijski sastav melase zavisi od 
kvaliteta šećerne repe i primenjene tehnologije prerade. Kvalitet repe je uslovljen faktorima kao što su sorta repe, tehnička zrelost 
repe, primenjena agrotehnika, lokalitet uzgoja, kao i promene do kojih dolazi tokom skladištenja šećerne repe. Glavni sastavni deo 
melase čine ugljeni hidrati, i to prvenstveno saharoza, ali su u znatnom procentu prisutni i nešećeri čiji je kvalitativni i kvantitativni 
sastav od osnovne važnosti za ocenu pogodnosti melase kao sirovine u prerađivačkim, fermentativnim i prehrambenim  industrijama. 
Ukoliko su faktori od kojih zavisi sastav melase u opsegu uobičajenih vrednosti dobija se melasa standardnog kvaliteta pogodna za 
industrijsko korišćenje, kao i za duže skladištenje bez primetnih gubitaka u komercijalnoj vrednosti. Oko jedne trećine azotnih 
materija melase čini betain, a ostalo amino-kiseline, amidi, belančevine, melanoidini i u maloj količini soli amonijaka. U radu je 
ispitan kvalitet melase sa aspekta njene primene kao sirovine u prehrambenoj industriji. U tom cilju analizaran je osnovni hemijski 
sastav, kao i sadržaj betaina u melasi proizvedenoj u šest domaćih fabrika šećera (A, B, C, D, E i F). Betain ima značajnu ulogu u 
funkcionisanju ljudskog organizma, učvršćuje krvne sudove, reguliše krvni pritisak i smanjuje holesterol u krvi, podstiče razmenu 
materija i funkciju jetre. Sadržaj betaina je određen primenom tečne hromatografije visokih performansi (HPLC) u razblaženjima 
rastvora melase u voda-metanol sistemu. Najveći sadržaj betaina pronađen je u uzorcima B i E u opsegu 3,37-4,28%, dok se manji 
sadržaj betaina u uzorcima A, C, D i F kreće u opsegu 2,42-3,32%. U tehnološkom procesu proizvodnje šećera, betain prolazi 
nepromenjen kroz faze procesa i gotovo kvantitativno prelazi u melasu. Rezultati pokazuju da postoji značajna razlika u sadržaju 
betaina u melasama iz različitih fabrika, što je posledica različitog kvaliteta šećerne repe.  

Ključne reči: betain, melasa šećerne repe, HPLC. 
 

INTRODUCTION 
Molasses, which is a by-product of the sugar industry, is a 

relatively inexpensive and readily available raw material. It 
represents liquid mixture of sugar, nonsucrose compounds and 
water from which, sucrose in form of relatively pure crystals, 
can not be obtained so that its production would be economically 
justified. Sugar beet molasses generally contains high amount of 
sucrose (ca. 50%), and is rich in mineral elements (potassium, 
calcium, magnesium, sodium) and bioactive compounds 
(proteins, betaine, glutamic acid, purine and pyrimidine bases, 
vitamins, organic acids, melanoidins) (Ergun and Mutlu, 2000;  
Jevtić-Mučibabić et al., 2013; Özgür et al., 2010).  

The quality of molasses is related to the quality of sugarbeet, 
the processing aids and the applied processing technology (Grbić 
et al., 2011). A significant part of the molasses produced is used 
for the production of industrially value-added and enriched food 
products. Molasses is applied in many food or non-food 
processes because of high content of nitrogenous compounds, 
carbohydrates and its sweet taste. It is among the most important 
raw materials for industrial cultivations especially for the 

production of baker’s yeast, ethanol, citric acid, organic acids, 
amino acids, antibiotics, and enzymes (Yilmaztekin et al., 2008). 

It has also been known that beet is the main source of 
betaine, and commercially available betaine is obtained as a 
natural by-product of the sugar beet industry. Being soluble in 
water, betaine is extracted from sugar beets, along with sugar 
and other compounds, in the process of producing sugar from 
beets. It has a significant role in the functioning of human 
organism as a tissue osmolyte and as a source of methyl groups, 
and the supply of betaine clearly affects lipid metabolism (Lever 
and Slow, 2010). Betaine (N,N,N-trimethylglycine) can be used 
in the cosmetic, animal feedstock, pharmaceutical and health 
industries (Escudero and Ruiz, 2011). It is the anhydride of 
(carboxymethyl)trimethylammonium hydroxide and exists with 
either an open or an internally linked structure. Owing to the 
presence of the trimethylamino group, it has the characteristics 
of a nitrogenous base (Vialle et al., 1981). 

The objective of this study was to: 1) investigate the 
chemical composition of molasses produced in the domestic 
sugar factories; 2) test and adopt reliable betaine extraction and 
quantification procedures; 3) determine quantity of betaine in 
selected sugar beet molasses. 
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Fig. 1. Betaine content in samples of sugar beet molasses 

MATERIAL AND METHOD 
In this paper, investigations were performed on samples of 

sugar beet molasses which were taken directly from the 
production lines of six Serbian sugar factories (A, B, C, D, E and 
F). 

Basic quality parameters for molasses were determined 
according to methods described in handbooks for the laboratory 
control of sugar processing (Milić et al., 1992). The methods are 
harmonized with the regulations guided by the International 
Commission for Uniform Methods of Sugar Analysis (ICUMSA, 
2003).  

Betaine content was determined by using a modified method 
which is in accordance with the regulations guided by the 
International Commission for Uniform Methods of Sugar 
Analysis (ICUMSA, 2003). Each sample was homogenised and 
further treated in the following manner. Approximatly 0.4 g of 
molasses sample (accurately weighed) was dissolved in 20 ml of 
solvent (water:methanol=1:1) to give a solution containing 0.05 
g molasses per ml. This solution was stirred on Vortex for 2 min, 
then which the mixture was centrifuged at 2000 rotations/min for 
5 min. After this, clear supernatant was filtered through a 0.2 μm 
membrane filter prior to injection. 

HPLC system consisted of the Agilent liquid 
chromatography 1200 Series (Agilent Technologies, Santa 
Clara, CA, USA), a binary pumped system equipped with light 
scattering detection was used. The analytical column was Rezex 
RCM-Monosaccharide Ca+2 (300x7.8 mm) kept at a constant 
temperature of 75 °C. The injection volume was 20 μl. 
Deionized water mobile phase was used in the isocratic gradient 
program at a flow rate of 0.5 mL min−1. The acquisition of 
chromatograms lasted 45 min. 

Statistical analysis. The data was processed statistically using 
STATISTICA 12 Software (Statsoft Inc., 2012, Tulsa, 
Oklahoma). The significance of the difference between the mean 
values was estimated by one-way analysis of variance 
(ANOVA), and these were compared by the Fisher's Least 
Significant Difference (LSD) Test. 

RESULTS AND DISCUSSION 
Quality of the molasses from sugar factories, average values 

of studied parameters and statistical analysis are shown in the 
Table 1. 

Results show that the composition of the tested 
molasses is typical and usual for the sugar beet 
processing in local factories. Variations of this group 
of indicators are influenced by sugar beet 
technological quality and characteristics of the 
processing conditions, used in the sugar factory 
(Jevtić-Mučibabić et al., 2011). Molasses with this 
composition is a suitable raw material for both 
fermentative, food technology and food quality 
improvement.  

 

Table 1. Basic quality parameters of the olasses 
Parameter 

% Min. Max. Aver. Stand. 
dev. 

Coef. of 
var. 

Dry matter 78.25 86.13 82.31 2.736 3.324 
Polarization 46.34 48.41 47.04 0.746 1.586 

Purity 
quotient 54.65 60.29 57.20 2.189 3.828 

pH value 6.82 7.93 7.51 0.479 6.371 
Ash  9.43 11.07 10.15 0.626 6.171 
Total 

nitrogen 1.39 1.86 1.59 0.188 11.849 

 

The results are given in Table 2 show that the betaine content 
in sugar beet molasses is in the range of 2.42 to 4.28%. Our 
study is in accordance with Van der Poel et al. (1998) who 
considered that beet molasses usually contains about 3% to 4% 
of betaine. Heikkila et al., (1992) found betaine content in beet 
molasses between 3%  and 8% of betaine calculated on a dry 
solids basis. 
 

Table 2. Betaine content obtained by HPLC in groups of six 
samples of sugar beet molasses 

Samples The concentration of betaine (%)  
A1 2.62±0.09 ijk 
A3 2.86±0.12ghi 

A5 2.96±0.07g 

B1 3.99±0.08b 

B3 4.28±0.03a 

B5 3.85±0.05bc 

C1 2.90±0.04gh 

C3 2.56±0.06jk 

C5 2.70±0.20hij 

D1 2.69±0.04hij 

D3 2.70±0.06hij 

D5 2.42±0.01k 

E1 3.42±0.05de 

E3 3.61±0.09cd 

E5 3.37±0.03fg 

F1 3.03±0.02fg 

F3 3.32±0.04e 

F5 3.24±0.04ef 

*Data are the average values of concentrations. Within 
column mean values followed by different superscript letters 
differ significantly at P < 0.01 (LSD- test). 
 

Betaine content presented a maximum value in sample B, 
and it was in the range 3.85-4.28%, while the lowest content was 
detected in sample D, 2.42-2.70% (Fig. 1). The differences 
between samples from different factories were statistically 
significant.  

It could be influenced by different sugar beet quality which 
depends on the varieties of beet, beet technical maturity, climate, 
locations of growing, meteorological conditions during the 
growing season and other agronomic impacts (Šušić et al., 
1995). 
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Fig. 2. Chromatograms of betaine in samples B3 and D5 

The content of nitrogen compounds in molasses depends on 
their content in sugar beet. Average total nitrogen content in 
tested molasses samples is 1.59%. It was found that, from the 
total nitrogen content, 0.37% is betaine nitrogen. 

The comparison of the obtained chromatograms revealed that 
the distribution profile of peaks did not change significantly. On 
the other hand, the peak area varied greatly between the lowest 
found in sample D5 and highest in sample B3 (Fig. 2). 

CONCLUSION 
Apart from the high sucrose content, the compound 

betaine is of economic interest in the molasses desugarization 
process. Betaine has been increasingly used as an ingredient in 
food industry due to its very interesting nutritional, functional, 
health-promoting and technological properties. The obtained 
results show that the differences in betaine content between 
samples from different factories were  statistically significant. 
The effect of processing conditions on betaine content in 
molasses was not significant which confirms the fact that it is a 
function of sugar beet quality. 
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