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Introduction. This study aims to justify the use of carbon
sorbents for adsorption purification (decolorization) of liquid
sugar products and to determine the key patterns of the process.

Materials and methods. A sugar-containing product
derived from sweet sorghum was used as the raw material in the
study. To enhance the purification process and effectively
remove coloring agents from the liquid sugar product, various
carbon sorbents were utilized. These included novel carbon
sorbent CS produced by modifying regenerated wood-based
raw materials, and commercially available NORIT, and coconut
shell-based activated carbon C607.

Results and discussion. It was established that the
decolorization efficiency of the investigated sugar solutions
using carbon sorbents depends on the duration of the process
and the sorbent dosage, as described by mathematical
relationships. High purification efficiency of sugar solutions
from coloring substances is achieved with carbon sorbents at
dosages of 0.5—1.5% relative to the product mass and a process
duration of 20-30 minutes. An analysis of the decolorization
kinetics of sugar solutions using the studied carbon sorbents
was conducted. Based on a comparative analysis of the
adsorption characteristics of the tested sorbents, it was found
that the carbon sorbent (CS), at a dosage of 0.5—-1.5%, achieved
a decolorization efficiency of up to 80—85% and an adsorption
capacity of 28—32 mg/g. This resulted in a reduction of solution
color to 220-350 ICUMSA units, outperforming the
corresponding values obtained with sorbents C607 and NORIT.
The high efficiency of the CS carbon sorbent is attributed to its
surface characteristics, particularly its micro- and mesoporous
structure, which play a key role in determining the sorption
kinetics of coloring substances during the liquid-phase
purification of sugar-containing products.

Conclusion. The research results indicate the potential for
the industrial implementation of carbon sorbent grade CS and
its use for the purification of liquid sugar-containing products.
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Introduction

Global trends in the development of the sugar industry are defined by key directions
such as product range diversification, high quality of finished products, and environmental
sustainability (Chorna et al., 2023). A relevant issue is the production of organic sugar, liquid
sugars (sugar or invert syrup), as well as the manufacture of sugar-containing syrups from
non-traditional plant raw materials, particularly from sweet sorghum (Abdelsalam et al.,
2020; Husiatynska et al., 2023; Li et al.,, 2017; Thilagavathi et al., 2016). Liquid sugar
products are becoming increasingly popular in the food and beverage industry due to their
long shelf life and ease of use in the food industry (Khan et al., 1996; Mouelhi et al., 2014).

An important aspect of the quality of both crystalline sugar and liquid sugars is meeting
organoleptic standards and color specifications. However, during the production of sugar-
containing products, especially at the stage of concentration to syrup, reactions occur under
the influence of high temperatures, resulting in the formation of intensely colored compounds
(colorants) (Lohinova and Petrusha, 2023). The colorants in sugar production have a rather
complex chemical structure that remains insufficiently studied, as continuous
transformations occur within them. In general, colorants are divided into compounds formed
as a result of the breakdown of hexoses and natural compounds present in the raw material
that pass into the juice during the extraction or pressing process. These include plant pigments
(chlorophylls, carotenoids, and xanthophylls), phenolic compounds, and flavonoids, which
undergo complex chemical transformations during processing (Cabral et al., 2022; Zavaleta
and Velasco, 2019). Because of a series of chemical reactions, high-molecular-weight
compounds with colors ranging from yellow to dark brown are formed (Eggleston et al.,
2009; Vercellotti et al., 2010). The intensity of color compound formation in juices and
syrups depends on the quality of the raw materials, the duration and temperature of the
technological process, the pH of the medium, the concentration of sugar-containing solutions,
and the presence of non-sugar substances, which may act as catalysts or inhibitors of color
formation.

The formation of color compounds can be classified into the following groups:
melanins, melanoidins, products of alkaline-thermal transformation of hexoses, and caramels
(Zhu et al., 2021; Zolfaghari et al., 2020). Their presence in sugar syrups leads to a
deterioration in product quality and increased coloration, as well as an increase in the
viscosity of intermediate products and a decline in the organoleptic properties of the final
product due to the development of a bitter taste and a characteristic specific odor. The
removal of color compounds is an extremely important task in the production of crystalline
sugar, liquid sugar, invert syrup, and food syrups from sweet sorghum.

Currently, several methods are proposed and used for the purification of sugar-
containing juices and syrups, including chemical treatment (Kibret, 2019); membrane
filtration methods (including ultrafiltration) (Chibrikov et al., 2022); the use of adsorbents
such as activated carbon and ion exchange purification (Xiao et al., 2022), among others.
However, some of these methods pose potential health risks. For instance, residual amounts
of sulfur dioxide during sulfitation or styrene and divinylbenzene monomers during ion-
exchange purification may enter food solutions during processing, thereby potentially
compromising food safety. Additionally, phosphate treatment removes only certain color
compounds, mainly those with high molecular weight and a significant number of carboxylic
groups (Kibret, 2019).

The use of carbon-based adsorbing materials, particularly activated carbon derived from
agricultural waste, is becoming increasingly relevant for the decolorization of liquid sugar
products. Due to its highly developed porous structure and large specific surface area,

—— Ukrainian Food Journal. 2025. Volume 14. Issue 2 201



Food Technology ——

activated carbon possesses a high adsorption capacity for most contaminants and is widely
used across various industries (Ahmad et al., 2010; Bello et al., 2017; Kosheleva et al., 2018).
Its application is technologically simple, energy-efficient, relatively inexpensive, and poses
no environmental risks. Owing to its ability to absorb and retain a wide range of pollutants,
activated carbon serves as an effective adsorbent for the treatment and purification of
drinking water, the removal of harmful substances from industrial wastewater, as well as the
elimination of high-molecular-weight and colored compounds during the purification of
various liquid food solutions (Ruiz-Velducea et al., 2024). Given the above, the use of a
developed carbon sorbent based on renewable organic waste and its integration into the
technological process of liquid sugar product manufacturing presents scientific and practical
interest.

It should be noted that adsorption decolorization processes using activated carbon are
widely applied in starch and syrup production. Both powdered and granular forms of
activated carbon are used for this purpose. However, despite the significant advantages of
activated carbon as a sorbent, its application is not widespread in sugar and liquid syrup
production. This is likely due, largely, to economic factors, as food industries currently face
a shortage of high-efficiency domestically produced sorbent materials. This necessitates the
use of foreign analogues in technological processes, leading to increased production costs.
At the same time, approximately 177.5 million tons of plant waste are generated annually in
Ukraine, which could be used as raw material for the production of sorbent materials (Zhuk,
2022).

In the present study on the purification (decolorization) of colored compounds, a sugar-
containing syrup derived from the stem juice of sweet sorghum was used. The sorghum stems
were first cleaned of leaves and then pressed using a roller press to extract the raw juice,
which was then used to produce food syrup.

Specifically, the stem sap has balanced nutritional value, containing easily absorbable
sugars, comprising 53-85% sucrose and 15-54% fructose and glucose (Blatke, 2019; Rao et
al., 2013). The sap contains bioactive substances: amino and organic acids, polyphenols,
proteins, vitamins, minerals, and more (Eggleston et al., 2013). When sweet sorghum syrup
is utilized in food product technologies, excellent taste and technological characteristics for
new product types can be achieved. It can be considered a natural, safe, and complete
substitute for sugar in food products.

This study aims to justify the use of carbon sorbents for the adsorption-based
decolorization of liquid sugar products, particularly syrup obtained from sweet sorghum stem
juice, and to determine the key patterns governing this process.

Materials and methods
Sugar syrup from sweet sorghum

The production of the syrup was carried out according to Hryhorenko et al. (2020),
which involved thermal coagulation of non-sugars, a two-stage enzymatic hydrolysis of
starch, separation of the coagulated precipitate by filtration with the addition of filter perlite,
and additional ultrafiltration purification of the juice using a polyethylene terephthalate
membrane with a pore diameter of 0.08—0.15 um. The purified juice was then concentrated
into syrup with a dry matter content of 70-75%.

The physicochemical characteristics of the syrup from sweet sorghum are presented in
Table 1.
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Table 1
Physicochemical characteristics of the syrup from sweet sorghum

Characteristics Unit Value
Dry matter (DM) % 73.30+0.03
Total sugars (TS) % to product weight | 65.54 +0.15
Reducing sugars (RS) | % to product weight | 23.72 &+ 0.05
Sucrose % to product weight | 41.82 +. 0.04
Purity % TS to DM 89.41+0.11
H+ activity 5.12+0.02

Carbon sorbents

The novel carbon sorbent (CS), and commercial available sorbents NORIT GAC 1240
and C607 18x40, supplied by Chemviron Carbon (USA), were used in the study.

The carbon sorbent (CS) was derived from pine pellets with the following
specifications: diameter — 6 mm, length — 825 mm, moisture content — 7%, ash content —
0.7%, mechanical strength — 98%, bulk density — 0.6 g/cm3. The sorbent production
technology involved carbonization in a quartz reactor followed by steam activation, as
described in (Brey et al., 2024). This sorbent, further referred to as carbon sorbent (CS), was
used in the purification (decolourisation) process of sugar syrup to compare its efficiency
with known sorbents NORIT GAC 1240 and C607 18x40.

NORIT GAC 1240 is a coal-based granular activated carbon, while C607 18%40 is a
coconut shell-based granular activated carbon. Both are suitable and commonly used for the
decolorization of sugar syrups and other liquid sugar products.

Evaluation of the efficiency of colorant removal by carbon sorbents

To evaluate the potential of CS for the decolorization of syrup from sweet sorghum, a
series of adsorption experiments were conducted. Each experiment was performed using an
individual conical flask containing 100 NORIT of dye solution, to which CS was added.
Adsorption of coloring compounds from the solutions was carried out under standard
conditions. Fixed volumes, 100 ml, of the sugar-containing product were treated with carbon
sorbent samples at dosages of 0.5%, 1.0%, and 1.5% by product mass. The test solutions
were kept in a thermostat at 80 °C under constant stirring for 30 minutes. Product samples
were taken at 10, 20, and 30 minutes to determine optical density and dry matter content.

Based on the experimental data, the following parameters were calculated: solution
color intensity (ICUMSA units), decolorization efficiency (%), and adsorption capacity (A,
mg/g). During the study, the following parameters were varied: type and dosage of the
sorbent, and duration of the adsorption process. The study was conducted using traditional
control and analysis methods commonly used in the sugar industry and accepted in
international practice.

The content of total sugars (TS), reducing substances, and sucrose was determined
using the Luff-Schoorl method (Asquieri et al., 2007; Dekker, 1950). The purity index was
calculated as the ratio of the total sugars content in the product to the dry matter content
multiplied by 100% (Hryhorenko et al., 2021).
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Dry matter content (DM, % to the weight of the product) was determined at a
temperature of 20 °C by the refractometric method (Asquieri et al., 2007) using refractometer
RPL-3.

The activity of H'ions was determined by the potentiometric method (Hryhorenko et
al., 2021) using universal ionometer EV-74. The quantitative assessment of sugar solution
decolorization was performed in accordance with the methodology of the International
Commission for Uniform Methods of Sugar Analysis (ICUMSA) (Chai et al., 2016). The
ICUMSA color value was then calculated using following formula (1):

100x1000x D

C (ICUMSA) = =252

(1)

where: C is color intensity, opt. densitylICUMSA units; D is optical density of the solution at
560 nm; 1 is cuvette length; DM is total solids content,%; p is true density of the solution
g/ml.

Decolorization effect (%) was calculated using the following formula (2) (Wang et al.,
2023):
(C1-C2)x 100
c1

Decolorization effect =

)

where: C1 and C2 are color intensity of the solutions before and after treatment with the
carbon sorbent.

Sorption capacity (A, mg/g) was determined by the formula (Sych et al., 2017):

k- (Co=Cp) -V
- m

A A3)
where: k is coefficient that accounts for the ratio between the concentration of coloring
substances in the solution and its optical density; V is volume of the solution, ml; m is mass
of the carbon sorbent, g; Cy and C; are concentrations of coloring substances (g/ml) before
and after treatment with the carbon sorbent, respectively.

Taking into account the ratio that:

k=1/Kland C=k-D,

where K is the conversion coefficient, which equals 1150 for sugar and refined sugar
products; 1 is cuvette length; D is optical density of the solutions; C is concentration of
coloring substances, g/ml.

Accordingly, the Sorption capacity was calculated using the following formula:

_ 1 1(Dy-Dp-V
1150 m )
where Do and D; are optical density of the solutions before and after treatment with the carbon
sorbent, respectively.
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Characteristics of the structural-adsorptive and physicochemical properties of the
studied carbon sorbents

The textural characteristics of the studied carbon sorbents were calculated from
nitrogen adsorption/desorption isotherm curves using an automated Quantachrome analyzer
(Nova 2200e, Quantachrome, USA) with Nova Win 2.0 software.

The total surface area of the materials (S total, m?/g) was calculated using the
Brunauer—Emmett-Teller (BET) method (Kotynska et al., 2025).

The total pore volume (V total) was calculated from the volume of adsorbed nitrogen
converted to liquid at a relative pressure close to P/Po = 1 (Gregg et al., 1982; Kotynska et
al., 2025).

To determine the sorption properties of the adsorbents, an aqueous solution of the dye
(methylene blue) was used. The methods involved measuring the change in dye concentration
after interaction with the adsorbent. The sorption activity of the studied samples was
determined by the methylene blue sorption method following standard procedures using a
KFK-3 photoelectric colorimeter (Tarnovsky et al., 2021).

Mathematical and statistical processing of experimental data

To obtain regression equations that adequately describe the adsorption purification
process of sugar-containing solutions, methods of mathematical and statistical processing of
experimental results were used (Castillo, 2007), along with the Mathcad Professional
application software.

The main factors selected were: duration of the purification process (minutes),
decolorization of the solutions (%), and carbon sorbents dosage (%). The variation of these
factors was conducted within the ranges typical for the purification and decolorization
technology of solutions of the sugar-containing product from sweet sorghum.

The research program was incorporated into the experimental design matrix as follows:
base level — time: 20 min; sorbent dosage: 1%; variation interval — time: 10 min; sorbent
dosage: +£0.5%; upper level — time: 30 min; sorbent dosage: 1.5%; lower level — time: 10
min; sorbent dosage: 0.5%.

Results and discussion

Adsorption removal of colored compounds from sugar solutions using carbon
sorbents

The key parameters investigated during the adsorption process included the type of
adsorbent material, adsorbent dosage, contact time, and temperature. In addition, a
comparative analysis was conducted to evaluate the relative performance of CS in
comparison with other industrially manufactured adsorbents that are commercially available
on the market, including NORIT GAC 1240 (further NORIT) and coconut-based charcoal,
grade C607 18x40 (further C607), supplied by Chemviron Carbon (USA).

Characteristics of CS were compared with those of industrially manufactured
adsorbents that are commercially available on the market, including NORIT and coconut-
based charcoal, grade C607 (Table 2).
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Table2
Characteristics of the carbon sorbents

Characteristics C607 | NORIT | CS
Bulk density, g/cm? 0.53 0.45 0.34
Adsorption capacity for methylene blue, mg/g | 80 155 300
Total specific sorption pore volume, ml/g 0.48 0.55 1.28
Specific surface area, m?/g 1077 1100 1240

It is known (Hryhorenko et al., 2021; Husiatynska et al., 2023), that the purity and
chemical composition of sugar-containing syrups depend on the quality of the raw materials,
the efficiency of the purification processes, and are determined by the content of non-sugar
substances, including colored compounds. Among the factors influencing the adsorption
purification process, the following should be highlighted (Dubinin et al., 1987; Qureshi et
al., 2008): contact time, sorbent dosage, temperature, concentration of sugar-containing
solutions, and the physicochemical properties of the sorbent (such as surface area, and the
presence of a significant number of meso- and micropores in the sorbent structure).

According to the characteristics of the carbon sorbent (CS), it can be assumed that the
obtained material, due to its sufficiently high surface area and developed micro- and meso-
porosity, may serve as an effective sorbent for medium- and large-sized molecules,
particularly for high-molecular-weight compounds and colored substances in liquid-phase
purification processes of sugar-containing products.

To confirm the effectiveness of using the carbon sorbent (CS), a series of studies was
conducted to investigate the removal of coloring compounds from liquid sugar-containing
products in comparison with industrial carbon sorbents. The results of the color intensity
changes in sugar-containing solutions during a treatment period of 10—30 minutes and with
sorbent dosages of 0.5—1.5% are presented in Table 3.

Table 3
Change in the color intensity
of sugar solutions treated with carbon sorbents

Time, | C607 | NORIT | CS
min Color, ICUMA units
Sorbent dosage, 0.5%

10 615.67 | 585.23 | 552.60
20 580.35 | 562.43 | 323.89
30 402.66 | 341.89 | 292.27
Sorbent dosage, 1.0%
10 569.99 | 433.60 | 347.99
20 | 402.12 | 366.36 | 251.72
30 392.15 | 338.70 | 228.83
Sorbent dosage, 1.5%
10 509.91 | 426.70 | 340.18
20 394.16 | 358.67 | 252.19
30 | 390.65 | 329.69 | 222.81
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An increase in the process duration up to 30 minutes and sorbent dosage in the range of
0.5-1.5% (relative to product mass) led to a gradual decrease in colour intensity of the treated
sugar-containing liquids for all tested sorbents.

For example, when purifying the initial solution with a color intensity of 1489.06
ICUMSA units using activated carbon, a 30-minute contact time and a sorbent dosage of
1.5% resulted in the following reductions in color intensity: 390.65 ICUMSA units for C607;
329.69 ICUMSA units for NORIT; and 222.81 ICUMSA units for CS.

At the same time, a favourable decolourisation dynamic was also observed at lower
treatment durations (20 minutes) and carbon dosages of 1.0%, for all sorbents C607, NORIT,
and CS.

90 90
80 R 80 - - (] ]
70 = ] 70 —
60 = | 60
50 50
40 40
30 30
20 20
10 10
0 0
Time 10 min Time 20 min Time 30 min Time 10 min Time 20 min Time 30 min
B C607 ONorit 1CS mC607 ©Norit OCS
Sorbent dosage, 0.5% Sorbent dosage, 1.0%
a b
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80 — M [
70 ]
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0

Time 10 min Time 20 min Time 30 min
® C607 ONorit dCS
Sorbent dosage, 1.5%

Figure 1. Decolorization effect of syrup at different process durations.
Dosage of sorbent, %:a—0.5; b—1.0; ¢ —1.5.
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To determine the optimal parameters of adsorption purification, it is advisable to assess
the process based on the decolorization effect achieved under varying process parameters.
This was done by calculating the percentage reduction in solution color intensity before and
after treatment with the tested carbon sorbents using formula (2). The diagrams showing the
changes in the decolorization effect of sugar-containing solutions over a process duration of
10-30 minutes and sorbent dosages of 0.5—1.5% are presented in Figures 1 (a, b, ).

Based on the comparison of the adsorption characteristics of the carbon sorbent CS with
commercial activated carbon samples (Fig. 1a, b, ¢), it was established that the decolorization
effect achieved using sorbent CS was 80-85% at a dosage of 0.5-1.5%, which exceeds the
corresponding performance of sorbents C607 and NORIT.

The data on the decolorization effect of the solutions (Fig. 1 a, b, ¢) correlate with the
previously presented results on the change in color intensity of the solutions during
purification with the studied carbon sorbents (Table 3), and are also consistent with findings
reported by other researchers (Wang et al., 2023; Zolfaghari et al., 2020).

In particular, the use of an adsorbent synthesized from bagasse with the addition of
hydroxyapatite enabled the decolorization of juice and syrup from sugarcane by 92.41% and
93.19%, respectively (Wang et al., 2023). Also, a combined method for the decolorization of
the beet sugar syrup using activated carbon granules was proposed, which gave a
decolorization performance at the level of 83.68% (Zolfaghari et al., 2020).

Mathematical and statistical analysis of experimental results

An important step in determining the optimal parameters for adsorption purification is
obtaining mathematical relationships that allow for the prediction of decolorization
efficiency of sugar solutions within the selected range of key process variables. As a result
of the mathematical and statistical analysis of the experimental data, regression equations
were obtained that adequately describe the influence of the studied factors on the purification
and decolorization of solutions of the sugar-containing product from sweet sorghum when
using the following substances as adsorbents:

NORIT:

Effect decolor = 37.046 + 1.651 -t + 27.879-¢—0.534-t- c— 0.016 - t? — 5.608 - c2
C 607:

Effect decolor = 30.734 + 1.718 - t + 26.571 - ¢ — 0.305 - t- ¢ — 0.020 - t> — 6.886 - ¢
CS:

Effect decolor = 26.588 + 2.227 -t + 46.291-c— 0.540 - t- ¢ — 0.029 - t? — 12.983 - ¢2
t is process duration, minutes;
¢ is carbon sorbent dosage, %.

The obtained equations adequately describe the dependence of the decolorization effect
of sugar-containing solutions at a temperature of 80 °C, within a process duration of 5-35
minutes, and a carbon sorbent dosage range of 0.3—1.7%.

He obtained regression equations can be used to analyze the decolorization process of
sugar-containing solutions and to determine the optimal parameters for process duration and
sorbent dosage when using the specified carbon sorbents.

The next stage of the mathematical and statistical analysis of the experimental results
involved calculating the sorption capacity (A, mg/g) and conducting a comparative analysis
of the decolorization kinetics solutions using the studied carbon sorbents. The calculated
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adsorption values under the investigated process durations, presented in Figures 2 (a, b, ¢),
show that the sorption-kinetic decolorization properties of the studied carbon sorbents
gradually increase with higher sorbent dosages and longer sorption times. For instance, at a
dosage of 1.5% (relative to the product mass) and a process duration of 30 minutes, the
sorption capacity (A, mg/g) was as follows: 28.02 mg/g for C607; 29.55 mg/g for NORIT;
and 31.91 mg/g for CS.
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Sorbent dosage, 0,5% Sorbent dosage, 1,5%
35 3B e
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30 py e 30
o ° _.' ........... A
g’ 25 .............. A B‘) 25 _." A
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30 :
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o225 |
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€ 20 o
<
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Figure 2. Change in colorant absorption (A) from sugar syrup at sorbents dosage of:
0.5% (a), 1.0% (b), and 1.5% (c).
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Moreover, the data presented in Figures 2 (a, b, ¢) clearly illustrate the sorption-kinetic
performance of the studied carbon sorbents in removing colorants from sugar-containing
solutions. Accordingly, their performance may be ranked in the following order:

CS > NORIT > C607.

Conclusions

The carbon sorbent CS, obtained through the modification of renewable woody raw
materials, demonstrated effective performance in purifying sugar-containing solutions from
coloring compounds and, in terms of its properties, showed superior results compared to the
commercial available C607 and NORIT sorbents.

The CS carbon sorbent possesses sufficient mechanical strength of the granules,
indicating its practicality for long-term use and the possibility of reuse after regeneration.

The obtained results indicate the potential for industrial implementation of the CS
carbon sorbent and its application in the purification of liquid sugar-containing products.
Furthermore, based on its physicochemical characteristics, the sorbent shows promising
potential for use in the purification of aqueous solutions in the chemical, food, and
pharmaceutical industries, as well as for water treatment and wastewater purification from
organic pollutants.

References

Abdelsalam R., Abdel-Aleem W., Ferweez H. (2020), Evaluation of some technological
treatments on juice quality of both sugar cane and sweet sorghum as fresh bever or
raw material for syrup (Black honey) production, International Journal of Nutrition
and Food Sciences 9(4), pp. 95-103, https://doi.org/10.11648/.ijnfs.20200904.11

Ahmad A., Hameed B. (2010), Fixed-bed adsorption of reactive azo dye onto granular
activated carbon prepared from waste, Journal of Hazardous Materials, 175(1-3), pp.
298-303, https://doi.org/10.1016/j.jhazmat.2009.10.003

Asquieri E., Silva A., Mendes D., Batista, R. (2019). Comparison of titulometric and
spectrophotometric approaches towards the determination of total soluble and
insoluble carbohydrates in foodstuff, Carpathian Journal of Food Science and
Technology, 11(3), 69-79, http://chimie-
biologie.ubm.ro/carpathian_journal/Vol 11(3) 2019.pdfhttps://dx.doi.org/10.34302
/crpjfst/2019.11.3.6

Bello O., Owojuyigbe E., Babatunde M. (2017), Sustainable conversion of agro-wastes into
useful  adsorbents, Applied  Water  Science, 7(7), pp. 3561-3571,
https://doi.org/10.1007/s13201-016-0494-0

Blédtke M., Brautigam A. (2019), Evolution of C4 photosynthesis predicted by constraint-
based modelling, Elife, 8, €49305, https://doi.org/10.7554/eLife.49305

Brey V.V., Bondar R.V., Palamarchuk L.V., Skorobogatyi T.V., Klunko A.V., Tsyba M.M.,
Poznaeva O.0. (2024), Method for manufacturing activated carbon, Ukrainian
invention 2024 05443.

Cabral M.M.S., de Almeida Y.M.B., Andrade S.A.C., Caldas C.S., de Freitas J.D., Costa
C.A.C.B,, Soletti J.I. (2022), Influence of phenolic compounds on color formation at

300 —— Ukrainian Food Journal. 2025. Volume 14. Issue 2



Food Technology ——

different stages of the VHP sugar manufacturing process, Scientific Reports, 12(1),
19922, https://doi.org/10.1038/s41598-022-24455-4

Castillo E. (2007), Process optimization. A statistical approach,
https://link.springer.com/book/10.1007/978-0-387-71435-6

Chai B., Meng H., Zhao Z., Huang Q., Fu X. (2016), Removal of color compounds from
sugarcane juice by modified sugarcane bagasse: Equilibrium and kinetic study, Sugar
Technology, 18, pp. 317-324, https://doi.org/10.1007/s12355-015-0415-9

Chibrikov V., Vakuliuk P., Hryhorenko N., Gunko S., Obczuk H. (2022), Technological
improvement of the Sorghum saccharatum syrup production by membrane
technologies, Journal of Water and Land Development, 54(7-9), pp. 131-137,
https://doi.org/10.24425/jwl1d.2022.141564

Chorna T., Husiatynska H. (2023), Sugar consumption: Global trends, International
Scientific-Practical Journal Commodities and Markets, 47(3), pp. 3-52,
https://doi.org/10.31617/2.2023(47)03

Dekker K. (1950). The Luff-Schoorl method for determination of reducing sugar in juices,
molasses and sugar, South African Sugar Journal, 34, pp. 157-171,
https://www.cabdirect.org/cabdirect/abstract/19500303294

Dubinin M. (1987), Adsorption properties and microporous structures of carbonaceous
adsorbents,  Carbon, 25(5), pp. 593-598, https://doi.org/10.1016/0008-
6223(87)90208-9

Eggleston G., Marsha C., Andrzejewski B. (2013). New commercially viable processing
technologies for the productionof sugar feed stocks from sweet sorghum (Sorghum
bicolor L. Moench) for manufacture of biofuelsand bioproducts, Sugar Technology,
15(3), pp. 232249, https://doi.org/10.1007/s12355-013-0229-6

Eggleston G., Vercellotti J. (2000), Degradation of sucrose, glucose and fructose in
concentrated aqueous solutions under constant pH conditions at elevated temperature,
Journal of  Carbohydrate Chemistry, 19(9), pp. 1305-1318,
https://doi.org/10.1080/07328300008544153

Gregg S., Sing K.S.W. (1982), Adsorption, Surface Area and Porosity, 2" Edition, Academic
Press, New York.

Hryhorenko N., Husiatynska N., Vakuliuk P., Chibrikov V. (2020), Improvement of
technology for obtaining sugar-containing sorghum syrup with the use of membrane
methods, Scientific Works of National University of Food Technologies, 26(1), pp.
142-152, https://doi.org/10.24263/2225-2924-2020-26-1-18

Hryhorenko N., Husiatynska N., Kalenyk O. (2021), Substantiation of a rational method of
purification of sugar sorghum juice in the technology of food syrup production,
Ukrainian Food Journal, 10(2), pp. 263-276, https://doi.org/10.24263/2304-974X-
2021-10-2-5

Husiatynska N., Kalenyk O., Hryhorenko N. (2023), Production of food syrups from sugar
sorghum, Scientific Works of National University of Food Technologies, 29(3), pp.
128-138, https://doi.org/10.24263/2225-2924-2023-29-3-12

Khan S., Rahman K. (1996), Inversion of sucrose solution by ion exchange: evaluation of
reaction rate and diffusivity, The Chemical Engineering Journal and the Biochemical
Engineering Journal, 61(1), pp. 7-12, https://doi.org/10.1016/0923-0467(96)02978-
8

Kosheleva R., Mitropoulos A., Kyzas G. (2018), Activated carbon from food waste. In: G.
Crini, E. Lighthouse (Eds.), Green Adsorbents for Pollutant Removal. Environmental

—— Ukrainian Food Journal. 2025. Volume 14. Issue 2 301



Food Technology ——

Chemistry for a Sustainable World, 19, Springer, Cham, https://doi.org/10.1007/978-
3-319-92162-4 5

Kibret M. (2019), Decolonization of raw cane sugar syrup by using activated carbon made
from sugarcane bagasse, Thesis, Addis Ababa University, Ethiopia.

Kotynska L., Holdynsky M., Fedoryshin O., Zakutevsky O., Romanova 1. (2025), Sorbents
based on the manganese oxides designed for selective removal of lithium ions,
Chemistry, Physics and Technology of Surface, 16(2), pp. 288-297,
https://doi.org/10.15407/hftp16.02.288

Li W., Ling G., Shi C.(2017), Pilot demonstration of ceramic membrane ultrafiltration of
sugarcane juice for raw sugar production, Sugar Technology, 19, pp. 83-88,
https://doi.org/10.1007/s12355-016-0434-1

Lohinova A., Petrusha O. (2023), Maillard reaction in food technologies, Ukrainian Journal
of Food Science, 11(2), pp. 81-109, https://doi.org/10.24263/2310-1008-2023-11-2-4

Mouelhi R., Abidi F., Galai S.(2014), Immobilized, Sclerotinia sclerotiorum invert sugar
syrup from industrial beet molasses by product, World Journal of Microbial
Biotechnology, 30, pp. 1063—1073, https://doi.org/10.1007/s11274-013-1525-8

Qureshi K., Bhatti 1., Kazi R., Ansari A. (2008), Physical and chemical analysis of activated
carbon prepared from sugarcane bagasse and use for sugar depolarization,
International Journal of Chemical and Biomolecular Engineering, 1(3), pp. 145-149.

Rao P., Kumar C., Reddy B. (2013), Sweet sorghum: From theory to practice.
Characterization of Improved Sweet Sorghum Cultivars, Springer Briefs in
Agriculture, Springer India.

Ruiz-Velducea H., Moreno-Vasquez M., Guzman H., Esquer J., Rodriguez-Félix F.,
Graciano-Verdugo A., Tapia-Hernandez J. (2024), Valorization of Agave angustifolia
bagasse biomass from the Bacanora industry in Sonora, Mexico as a biochar material:
Preparation, characterization, and potential application in ibuprofen removal,
Sustainable Chemistry, 5(3), pp. 196-214, https://doi.org/10.3390/suschem5030013

Sych N., Trofymenko S., Vikarchuk V., Tsyba M., Kupchyk L., Kovtun M. (2017), Porous
structure characterization and sorption properties of active carbon produced by
chemical activation of lignocellulosic raw materials, Ukrainian Chemistry Journal,
8(83), pp. 123-128, https://ucj.org.ua

Tarnovsky D., Tsyba M., Kuznetsova L., Khodakovska T., Romanova I. (2021), Physico-
chemical properties of cerium and ferric doped titanium hydroxides synthesized by
two methods, Journal of Chemistry and Technologies, 29(2), pp. 192—
199, https://doi.org/10.15421/jchemtech.v29i2.232199

Thilagavathi T., Hemalatha G. (2016), Evaluation of quality characteristics of sugar cane
syrup, International Journal of Nutrition and Agriculture Research 3(2), pp. 49-55,
https://www.researchgate.net/publication/360936604

Vercellotti J., Vercellotti S., Kahn G., Eggleston G. (2010), Approaches to raw sugar quality
improvement as a route to sustaining a reliable supply of purified industrial sugar feed
stocks, American Chemical Society, 12, pp. 191-206,
https://pubs.acs.org/doi/10.1021/bk-2010-1058

Wang C., Lu W., Luo M. (2023), Removal of colorants from sugarcane juice and remold
syrup by bagasse-based biochar-hydroxyapatite composites, Sugar Technology, 25,
pp. 1492-1500, https://doi.org/10.1007/s12355-023-01314-8

Xiao Y., Lu H., Shi C., Lei F., Rackemann D., Li K., Li W., Doherty W. (2022), High-
performance quaternary ammonium-functionalized chitosan/graphene oxide

302 —— Ukrainian Food Journal. 2025. Volume 14. Issue 2



Food Technology ——

composite aerogel for remelt syrup decolorization in sugar refining, Chemical
Engineering Journal, 428, 132575, https://doi.org/10.1016/j.cej.2021.132575

Zavaleta R.M., Velasco D.M.L. (2019). Fine tuning the production of colorless sucrose
syrups. Acta Nova, 9(2), 176-189, http://www.scielo.org.bo/
scielo.php?script=sci_arttext&pid=S1683-07892019000200003

Zhu, Z., Li K., Li W. (2021), Preliminary Structural Analysis of High Molecular Weight
Alkaline Degradation Products of Sucrose, Sugar Tech, 23, pp. 461-465,
https://doi.org/10.1007/s12355-020-00902-2

Zhuk P. (2022), Agricultural waste in Ukraine: generation volumes and recycling issues,
Socio-Economic Problems of the Modern Period of Ukraine, 3(155), pp. 57-62,
https://doi.org/10.36818/2071-4653-2022-3-4

Zolfaghari P., Payandeh N.., Golizadeh M., Karimi A., Azar A. (2020), Decolourisation of
beet sugar syrup using activated carbon and glucose oxidase enzyme, Chemistry
Journal of Moldova, 15(2), pp. 54-61, https://doi.org/10.19261/¢jm.2020.775

Cite:

UFJ Style

Husiatynska N., Hryhorenko N. (2025), Decolorization of liquid sugar products by
carbon  sorbents, Ukrainian  Food  Journal, 14(2), pp. 290-303,
https://doi.org/10.24263/2304-974X-2025-14-2-8

APA Style

Husiatynska, N., & Hryhorenko, N. (2025). Decolorization of liquid sugar products

by carbon sorbents.  Ukrainian  Food  Journal,  14(2), 290-303.
https://doi.org/10.24263/2304-974X-2025-14-2-8

—— Ukrainian Food Journal. 2025. Volume 14. Issue 2

303



