v.3,n.1,2022

All content in this magazine is
licensed under a Creative Com-
mons Attribution License. Attri-
bution-Non-Commercial-Non-
Derivatives 4.0 International (CC
BY-NC-ND 4.0).

CLARIFICATION OF
SUGARCANE JUICE:
REVIEW

Rodolfo Simaes Teles Xavier

Student of the Graduation Course in
Chemical Engineering

Universidade Federal do Triangulo Mineiro -
UFTM / MG-Brazil

Priscila Pereira Silva

Lecturer of the Chemical Engineering Course
Universidade Federal do Triangulo Mineiro -
UFTM / MG-Brazil

Evandro Roberto Alves

Professor of the Food Engineering Course
Universidade Federal do Triangulo Mineiro -
UFTM / MG-Brazil

T — |



Abstract: The search for alternative methods
to replace sulfur in the sugarcane juice
clarification step has been increasing.
The sulfur dioxide (SO2) produced in
the combustion of sulfur is toxic and can
cause environmental problems and risks to
human health. This work aimed to analyze
scientific articles on alternative methods
to sulfitation published between 2011 and
2021, based on searches in the Portal de
Periddicos Capes, Scielo and Web of Science.
Among the 434 researched scientific articles,
296 were repeated and 138 were unique,
of which 94 had the text available in full
and 44, unavailable. Thirty were selected
to compose this review, for reporting
on alternative methods of clarification:
carbonation (4), ozonation (6), peroxidation
(5), microfiltration (6), natural flocculants
(5), bagasse fly ash (1), centrifugation (1),
lime, bentonite and activated carbon (1),
lime saccharate, ammonium hydroxide
(NH40OH) and sodium hydroxide (NaOH)
(1). All methods proved to be effective and
less polluting, in addition to reducing the
consumption of chemical reagents.
Keywords: Carbonation, AOP, microfiltration,
alternative methods for clarifying sugarcane
juice.
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INTRODUCTION

Sugarcane juice is a viscous, opaque,
greenish-yellow liquid of varying composition
(LOPES, 2011). It contains suspended
materials (earth, sand, clay, bagasse, colloidal
and insoluble compounds) and soluble solids,
mainly sucrose, glucose, fructose, proteins
and starches (ALBUQUERQUE, 2011;
DOHERTY, 2011).

Clarifying the broth removes colloidal
particles in suspension (JEGATHEESAN et
al.,, 2012; THAI; BAKIR; DOHERTY, 2011;
RODRIGUES; SPERANDIO; ANDRADE,
2018). The clarification of the mixed broth
by sulfitation is represented in the flowchart
(Figure 1). In this process, the broth is
sulphited with sulfur dioxide (SO,), limed
[addition of milk of lime - Ca (OH)?] and
heated. Heating reduces the density and
viscosity, facilitating the flocculation of
impurities. The flakes are precipitated,
decanted and eliminated as a sludge and the
clarified broth is removed from the upper

part (LOPES, 2011).
The Zeta potential indicates the efficiency
of the clarification (THAI; BAKIR;

DOHERTY, 2012).
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Figure 1. Flowchart of the sulfitation process.

Source: Adapted from Lopes, 2011
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In Brazil, simple defecation and
sulfitation predominate as clarification
methods (MORENO; OLIVEIRA; BARROS,
2012). Defecation consists of adding lime
(CaO) to the broth, followed by heating
(DOHERTY, 2011). The pH is increased,
precipitating inorganic salts such as calcium
phosphate[Ca,(PO,),], that will carry
suspended solids (EGGLESTON et al., 2014,
THAL; MOGHADDAM; DOHERTY, 2015).

Sulfitation inhibits the formation of
color by acidification of the broth with
SO,, decreasing the viscosity (MORENO;
OLIVEIRA; BARROS, 2012). In column
sulfitation, the combustion of sulfur in the
rotary kiln releases SO,, which is suctioned
and cooled. The gas-broth contact takes place
in perforated plates. The broth fed at the top of
the column descends by gravity and absorbs
the gas in counterflow. (Figure 2) (LOPES,
2011).

In multi-jet systems, SO, is cooled,
suctioned and mixed with the mixed
broth (LOPES, 2011). After acidification,

it is neutralized by calcium oxide (CaO)
(MORENO; OLIVEIRA; BARROS, 2012),
producing the precipitated calcium sulfite
(CaS0,), which adsorbs colored compounds
and impurities (MENG et al., 2019).

The use of SO, in the sugar and alcohol
industry can affect the quality of white crystal
sugar and cause environmental problems
(HAMERSKI et al, 2012). The sulphite
produced is not completely eliminated in
decantation, and can be found in sugar. This
information justifies the foreign markets
demand for sulfur-free sugar (ARAU]JO,
2017).

Carbonation is an alternative to using
SO, in clarification. In this method, carbon
dioxide (CO,) is added to the broth with
the milk of lime suspension, forming the
precipitated calcium carbonate (CaCO,),
which will precipitate the impurities in
suspension (HAMERSKI; AQUINO,
2014). Other less aggressive methods of
clarification and that provide less loss of
sugars are the advanced oxidative processes
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Figure 2. Column sulfitation process.

Source: Adapted from Lopes, 2011.
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(AOPs). They are: ozonation (application
of O,), peroxidation (application of H,0,)
and incidence of ultraviolet radiation (UV),
B, y and accelerated electrons (MORILLA,
2015 SARTORI; MAGRI; AGUIAR,
2015, MANDRO, 2016; RODRIGUES;
SPERANDIO; ANDRADE, 2018). AOPs
oxidize complex compounds and generate
hydroxyl radicals (-OH) that react with
organic matter, converting it into H20, CO,
and inorganic ions (DANTAS et al.,, 2020).
The formation of -OH can occur by the
combination of UV radiation with O, and
H,O,, or by the catalytic decomposition of
theseoxidizingagents (SOUZA etal.,2019).1n
ozonation, O, oxidizes impurities in the broth
(FONSECA, 2017). HO, can decompose
into radical species or oxidize impurities
(SOUZA et al., 2019). In peroxidation, the
application of H20O, to the broth reduces
the levels of colored compounds (SANTOS,
2020). UV, B, y radiation or accelerated
electrons decontaminate and reduce the
ICUMSA color (ARAUJO, 2017). The
method that involves the generation of -OH
from H, O, photolysis is the most efficient
(MOHAMMED; FASNABI, 2016; SOUZA
et al., 2019). In it, wavelengths from 200 to
300 nm are used, and UV radiation breaks
the H20, bond, originating -OH radicals

(SANTOS, 2020). The ionizing y radiation
is easily absorbed by the abundant water in
the broth, promoting the formation of free
radicals (LIMA, 2012).

Microfiltration (MF) is a separation
method in which the suspended material is
retained and sterilized at room temperature
(MORENO; OLIVEIRA; BARROS, 2012).

This work deals with an analysis of
alternative methods to sulfitation, through a
review of scientific articles published between
2011 and 2021.

METHODOLOGY

Thirty scientific articles written in English,
Spanish and Portuguese, published in journals
between 2011 and 2021, were selected from
the search in the database of the bases: Portal
de Periodicos Capes, Scientific Electronic
Library Online (Scielo) and Web of Science.

RESULTS AND DISCUSSION

ANALYSIS OF SELECTED
SCIENTIFIC ARTICLES

The analysis of the articles indicated that
the number of publications on alternative
methods to broth clarification by sulfitation
was higher in 2012 and 2019, with four and
seven, respectively, totaling 37% (Figure 3).
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Figure 3. Number of publications on sulfitation between 2011 and 2021.

Source: From the authors, 2021.
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These publications addressed carbonation,
ozonation,  peroxidation,  microfiltration
(MF), use of plant extract as a natural
flocculant, bagasse fly ash (BFA), clarification
by centrifugation, bentonite and activated
carbon. No articles were published in 2013,
three between 2020 and 2021.

CARBONATION

Only four articles dealt with carbonation.

Aquino and Ndiaye (2011) evaluated the
effects of carbonation, varying the pH between
5.0 and 9.0. The best color reduction results
were obtained in broths with a pH between
8.0 and 9.0.

Magazine

Authorship

Acta Scientiarum Technology

HAMERSKI; AQUINO; NDIAYE, 2011

MORENO; OLIVEIRA; BARROS, 2012.
GASCHI et al., 2014.

FAVERO; HAMERSKI; AQUINO, 2014.

Food Science and Technology

COSTA etal., 2014.
BERNARDI; JORGE; PARAISO, 2019.
REZZADORI et al., 2014.

Sugar Tech

TIWARI et al., 2019.
Ll etal., 2017.
LEITE; BARBOSA, 2021.

Ozone: Science & Engineering

SARTORI et al., 2019.
FONSECA et al., 2017.

Brazilian Journal of Food Technology

SARTORI; MAGRI; AGUIAR, 2015
AZEVEDO et al., 2019.
NGUYEN; DOHERT, 2012.

Journal of Agricultural and Food Chemistry

DOHERTY, 2011.

Journal of Food Processing and Preservation

MAGRI et al., 2019.

Journal of Food Engineering

VU; LEBLANC; CHOU, 2020

International Journal of Food Engineering

SARTORI et al., 2017.

International Journal of Food Science and Technology

HAMERSKI et al., 2012.

International Food Research Journal

FERREIRA; COZAR; SCHMIDT, 2016.

Journal of Food Process Engineering

RODRIGUES; SPERANDIO; ANDRADE, 2018.

Revista Brasileira de Engenharia Agricola e Ambiental

COSTA, 2015.

Chemical and Process Engineering Research

SILVA; SARTORI; AGUIAR, 2015.

Proedia Technology

MOHAMMED; FASNABI, 2016.

Procedia Engineering

LAKSAMEETHANASAN et al., 2012.

Biotecnologia en el Sector Agropecuario y Agroindustrial

ORTIZ et al., 2011.

Chemical Engineering Transactions

GALDINO et al., 2019.

International Journal of Food Microbiology

TEIXEIRA et al., 2019.

The Journal of Engineering and Exact Sciences

DANTAS et al., 2020.

Table 1. List of scientific articles by magazine.

Source: From the authors, 2021.




Hamerski et al. (2012) adopted a minimum
pH limit of 6.5, and the results of the 2011
publication reported that there is little
precipitate production at pH below 6.0, making
broth clarification unsatisfactory. In this work,
pH 9.5 was adopted as the maximum limit.
Favero, Hamerski and Aquino (2014) adopted
a minimum pH limit of 8.0 and a maximum
of 9.0.

Hamerski et al. (2012) analyzed pH,
temperature (40 and 80°C) and carbonation
time (20, 40 and 60 min) in broths. They
noted that higher concentrations of sucrose
and lower concentrations of total soluble
solids and reducing sugars were obtained in
the carbonated broth at pH 9.5, 80°C and 60
min.

Hamerski, Aquino and Ndiaye (2011)
obtained color removal of 66.5% at pH 8.0,
temperature of 80°C and carbonation time of
40 min. Hamerski et al. (2012) achieved color
removal of 93%, adopting pH 9.5, 80°C and 20
min of carbonation.

Favero, Hamerski and Aquino (2014)
achieved color removal of 92.9 and 91.6%
using carbonated broths with a flow rate of
200 NL h' and pH between 8.0 and 9.0.

OZONATION

Six articles dealt with the clarification of
the broth using ozonation, highlighting the
authors Juliana A. S. Sartori and Claudio
L. Aguiar, with publications in 2015 in the
magazine Chemical and Process Engineering
Research and 2019, at Ozone: Science &
Engineering.

Silva, Sartori and Aguiar (2015) studied
ozonation in heated and non-heated broth.

Fonseca et al. (2017) investigated
ozonation in sucrose solutions and phenolic
compounds. The flow of 30 L min’, under
constant agitation, the phenolic compounds
were degraded without loss of sucrose.

Sartori et al. (2019) evaluated the

degradation of flavonoids and phenolic acids
using solutions of rutin and caffeic acid
prepared in methanol.

Rodrigues, Sperandio and Andrade (2018)
analyzed the effects of ozonation on ICUMSA
turbidity and color, resulting in a 12%
reduction in the sample with a dosage of 21
mg min' O,, at 60°C for 60 min.

Azevedo et al. (2019) studied the effects
of O, on the inactivation of the enzyme
pholyphenol oxidase (PPO).

Bernardi, Jorge and Paraiso (2019)
proposed a mathematical model to ensure O,
saturation and avoid waste.

PEROXIDATION

Four articles dealt with clarification using
peroxidation.

Sartori, Magri and Aguiar (2015) evaluated
the efficiency of peroxidation in reducing
ICUMSA color, and the best results were
achieved for broths treated with 600 mg L
H,0,, at temperatures greater than 50°C and
pH less than 7.0.

Nguyen and Doherty (2012) investigated
the degradation of caffeic acid by peroxidation,
at pH 3.0 and 60 min, 16.5% of caffeic acid
was degraded.

Magri et al. (2019) clarified sugarcane juice
using 1000, 5000 and 10000 mg L* HO..
Color reductions of 39.7, 48.3 and 60.7% and
BRIX, 63.9, 65.2 and 67.1% were observed.

Dantas et al. (2020) evaluated the
peroxidation associated with UV radiation
to clarify the broth. The ICUMSA color
reduction was 55% and the authors concluded
that radiation acts as a catalyst, accelerating
clarification.

MICROFILTRATION

Six scientific articles reported on MF
and ultrafiltration (UF), highlighting the
work published in 2020 by Vu Thevu, Jeffrey
Leblanc.
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Moreno, Oliveira and Barros (2012)
evaluated the effects of MF clarification on
color and turbidity removal. Color reductions
of over 16.4% were observed using the 0.2 pym
and 2.0 bar membrane. MF reduced turbidity
by 92.4%.

Gaschi et al. (2014) clarified broth by
MF followed by UF of the permeate, and
only by UE. MF followed by UF had the best
performance (44.8% color removal).

Li et al. (2017) obtained satisfactory broth
clarification results with tubular membranes
of ZrO,/a-ALO,, de 0,05 um. UF achieved
50.5% color removal and reduced haze by
98.6%.

Rezzadori et al. (2014) studied MF
clarification with 5% passion fruit pulp added
to the juice to reduce acidity and minimize
enzymatic browning.

Ferreira, Cozar and Schimidt (2016)
evaluated the influence of temperature and
pressure on the permeate flux obtained after
clarification by MF.

OTHER METHODS
After analyzing the scientific articles,
nine publications were identified that

adopted alternative methods considered less
common, and that can replace sulfitation
in the clarification of sugarcane juice
(DOHERTY, 2011; ORTIZ et al, 2011;
LAKSAMEETHANASAN etal.,2012; COSTA
et al., 2014; COSTA et al., 2015; GALDINO et
al., 2019; TEIXEIRA et al., 2019; TIWARI et
al., 2019; LEITE and BARBOSA, 2021).

CONCLUSION

The thirty articles in this review covered
nine alternative methods to sulfitation. None
of them presented an economic analysis,
making it unfeasible, in a way, the application
as substitute methods of sulfitation.

Carbonation proved to be effective for
removing color and starch from the samples,
under different physicochemical conditions.

Ozonation had better results for heated
broth, and peroxidation removed phenolic
compounds at acidic pH.

MF was effective in clarifying the broth, in
addition to reducing the amount of chemical
reagents. In this process, the pore diameter is
a determining factor.

Natural polyelectrolytes acted effectively
to remove color from the broth.

The nine mentioned methods are
recommended to be used in substitution
to the use of sulfur in the sugarcane juice
clarification process.

T — -



REFERENCES
ALBUQUERQUE, E. M. Processo de fabricacio do agucar. 3. ed. ver. ampl. Recife: Ed. Universitaria da UFPE, 2011.

ARAUJO, E A. D. Intensifica¢ao do processo de purificagio do caldo da cana-de-agticar por decantagio quimica e adsorgio.
Tese (Doutorado em Engenharia Quimica) - Faculdade de Engenharia da Universidade Federal de Pernambuco. Recife. 2017.

AZEVEDO, A. C. B;; SILVA, E L. H;; MEDEIROS, L. L.; QUEIROZ, A. L. M.; SANTOS, S. E. M.; GOMES, J. P; FIGUEROA, J.
A. Enzymatic polyphenoloxidase inactivation with temperature and ozone in sugarcane variety RB 92579 to produce lower color
sugar. Brazilian Journal of Food Technology, v. 22, 2018043, 2019.

BERNARDI, R.; JORGE, L. M. de M.; PARAISO, P. R. Kinetic modeling of sugarcane juice clarification by ozonation in batch
reactor with ozone saturation control. Food Science and Technology, v. 39, n. 1, p. 81-84, 2019.

COSTA, G. H. G;; MASSON, L S,; FREITA, L. A;; ROVIERO, J. P; MUTTON, M. J. R. Use of moringa oleifera lamarck leaf
extract as sugarcane juice clarifier: effects on clarifed juice and sugar. Food Science & Technology, v. 34, n. 1, p. 204-209, 2014.

COSTA, G. H. G;; MASSON, L. S;; FREITA, L. A.; ROVIEROQ, J. P; MUTTON, M. J. R. Reflexos da clarificacido do caldo de cana
com moringa sobre compostos inorgénicos do agticar VHP. Revista Brasileira de Engenharia Agricola e Ambiental, v. 19, n.
2, p. 154-159, 2015.

DANTAS, A. O. S.; CAVALCANTE, L. C. S.; SANTOS, G. E;; ZANTA, C. L. P. S.; CARVALHO, S. H. V. Clarifica¢éo do caldo de
cana-de-agucar utilizando a reagdo de peroxidagdo com incidéncia de luz ultravioleta. The Journal of Engineering and Exact
Sciences, v. 6, n. 3, 2020. DOI: 10.18540/jcecv16iss3pp0214-0220.

DOHERTY, W. O. S. Improved sugar cane juice clarification by understanding calcium oxide-phosphate-sucrose systems. Journal
of Agricultural and Food Chemistry, v. 59, n. 5, p. 1829-1836, 2011. DOL https://doi.org/10.1021/jf1043212.

EGGLESTON, G.; PONTIE K.; GOBER, J.; LEGENDRE, D. Improved control of sucrose losses and clarified juice turbidity
with lime saccharate in hot lime clarification of sugarcane juice and other comparisons with milk of lime. Journal of Food
Processing and Preservation, v. 38, n. 1, p. 311-325, 2014.

FAVERO, D. M.; HAMERSKI, E; AQUINO, A. D. de. Starch and ICUMSA color removal in sugar cane juice clarified by
carbonatation. Acta Scientiarum. Technology, v. 36, n. 4, p. 745-751, 2014.

FERREIRA, R. E; COZAR, C. A,; SCHIMIDT, E L. Accumulated flux and resistances in clarification of sugarcane juice by
microfiltration — impact of operational parameters. International Food Research Journal, v. 23, n. 5, p. 2151-2158, 2016.

FONSECA, C.R; PAIVA, J. L; RODRIGUEZ, E. M.; BELTRA, F. J; TEIXEIRA, A. C. S. C. Degradation of phenolic compounds
in aqueous sucrose solutions by ozonation. Ozone: Science & Engineering, v. 39, n. 4, p. 255-263, 2017.

GALDINO, C.J. S. J; SOUSA, J. A. C; GOMES, E. A. S;; RODRIGUES, T. A. E; VASCONCELOS, S. M.; MOREIRA, P. N. T;
COSTA, A. E S.; SARUBBO, L. A. Study of sugarcane juice clarification with additives by continuous centrifugation. Chemical
Engineering Transactions, v. 74, n.1, p. 895-900, 2019.

GASCHLI, P. C.; GASCHI, P. C,; BARROS, S. T. D.; PEREIRA, N. C. Pretreatment with ceramic membrane microfiltration in the
clarification process of sugarcane juice by ultrafiltration. Acta Scientiarum. Technology, v. 36, n. 2, p. 303-306, 2014.

HAMERSKI, E; AQUINO, A. D. de; NDIAYE, P. M. Sugar cane juice clarification by carbonation - preliminary tests. Acta
Scientiarum. Technology, v. 33, n. 3, p. 337-341, 2011.

HAMERSKI, E; SILVA, V. R. da; CORAZZA, M. L;; NDIAYE, P. M.; AQUINO, A. D. de. Assessment of variables effects on sugar
cane juice clarification by carbonation process. International Journal of Food Science and Technology, v. 47, n. 2, p. 422-428,
2012.

JEGATHEESAN, V.; SHU, L,; KEIR, G.; PHONG, D. D. Evaluating membrane technology for clarification of sugarcane juice.
Reviews in Environmental Science and Bio/Technology, v. 11, n. 1, p. 109-124, 2012. DOI: https://doi.org/10.1007/s11157-
012-9271-1.

LAKSAMEETHANASAN, P; SOMLA, N;JANPREM, S.; PHOCHUEN, N. Clarification of sugarcane juice for syrup production.
Procedia Engineering, v. 32, n.1, p. 141-147, 2012.



https://doi.org/10.1021/jf1043212
https://doi.org/10.1007/s11157-012-9271-1
https://doi.org/10.1007/s11157-012-9271-1

LEITE, I. R; BARBOSA, R. D. Tannin extract for sugarcane juice clarification. Sugar Tech, v. 23, n. 3, p. 682-691, 2021.

LI, W,; LING, G.; SHI, C.; LI, K,; LU, H.; HANG, E; ZHANG, Y; XIE, C.; LU, D.; LI, H. Pilot demonstration of ceramic membrane
ultrafiltration of sugarcane for raw sugar production. Sugar Tech, v. 19, n. 1, p. 83-88, 2017.

LIMA, R. B. Processo de clarifica¢ao do caldo de cana- de- agticar aplicando elétrons acelerados. 61 f. Dissertacido (Mestrado)
- Instituto de Pesquisas Energéticas e Nucleares, Sao Paulo, 2012.

LOPES, C. H. Tecnologia de producao de agucar de cana. Sio Carlos, EQUFSCAR, 2011.

MAGRI N. T. C; SARTORL J. A. S;; JARA, J. L. P; EBERLIN, M. C.; AGUIAR, C. L. Precipitation of nonsugars as a model
of color reduction in sugarcane juice (Saccharum spp.) submitted to the hydrogen peroxide clarification of the crystal sugar
process. Journal of Food Processing and Preservation, v. 43, n. 10, p. 1-11, 2019.

MANDRO, J. L. Processo de peroxida¢ido do agtcar tipo VHP na produgdo de agucar refinado: implicagdes quimicas,
tecnoldgicas e microbioldgicas. 96 p. Dissertagdo (Mestrado) - Escola Superior de Agricultura “Luiz de Queiroz”. Piracicaba,
2016.

MENG, Y;; YU, S.; WANG, H.; QIN J.; XIE, Y. Data-driven modeling based on kernel extreme learning machine for sugarcane
juice clarification. Food Science & Nutrition. v. 7, n. 5, p. 1606-1614, 2019. DOLI: https://doi.org/10.1002/fsn3.985.

MOHAMMED, S.; FASNABI, P. A. Removal of dicofol from waste-water using advanced oxidation process. Procedia
Technology, v. 24, p. 645-653, 2016. DOI: 10.1016/j.protcy.2016.05.160.

MORENO, R. M. C; OLIVEIRA, R. C. de; BARROS, S. T. D. Comparison between microfiltration and addition of coagulating
agents in the clarification of sugar cane. Acta Scientiarum. Technology, v. 34, n. 4, p. 413-419, 2012. DOL https://doi.
org/10.4025/actascitechnol.v34i4.8890.

MORILLA, C. H. G. Validade econémico-financeira da substitui¢ao do diéxido de enxofre pelo perdxido de hidrogénio na
cadeia produtiva do agucar. 105 f. Dissertagdo (Mestrado em Ciéncias de Tecnologia dos Alimentos) - Universidade de Sao
Paulo, SP, 2015.

NGUYEN, D. M. T,; DOHERT, W. O. S. Phenolics in sugar cane juice: potential degradation by hydrogen peroxide and Fenton’s
reagent. International Sugar Journal, v. 114, n. 1361, p. 309-315, 2012.

ORTIZ, C. A. G;; SOLANO, D. J. C; VILLADA, H. S. C.; MOSQUERA, S. A; VELASCO, R. M. Extraccion y secado de
floculantes naturales usados em la clarificacion de jugos de cana. Biotecnologia en el Sector Agropecuario y Agroindustrial,
v.9,n. 2, p. 32-40, 2011.

REZZADORI, K.; SERPA, L; PENHA, E M,; PETRUS, R. R; PETRUS, J. C. C. Crossflow microfiltration of sugarcane
juice — effects of processing conditions and juice quality. Food Science and Technology, v. 34, n. 1, p. 210-217, 2014.

RODRIGUES, R.; SPERANDIO, L. C. C;; ANDRADE, C. M. G. Investigation of color and turbidity in the clarification of
sugarcane juice by ozone. Journal of Food Process Engineering, v. 41, n. 3, p. 1-11, 2018. DOI: https://doi.org/10.1111/
jfpe.12661.

SANTOS, J. L. V. Aplicagao de processos oxidativos avangados visando a redugiao de cor do caldo de cana-de-agticar
variedade RB-92579. 90 f. Dissertacdo (Mestrado em Engenharia Quimica) — Universidade Federal de Alagoas. Centro de
Tecnologia. Maceid, 2020.

SARTORL J. A. S.; ANGOLINI, C. E F; EBERLIN, M. N.; AGUIAR, C. L. Reactions Involved in phenolics degradation from
sugarcane juice treated by ozone. Ozone: Science & Engineering, v. 41, n. 4, p. 369-375, 2019.

SARTORL J. A. S;; RIBEIRO, K,; TEIXEIRA, A. C. S. C; MAGRI, N. T. C; MANDRGO, J. L.; AGUIAR, C. L. Sugarcane juice
clarification by hydrogen peroxide: predictions with artificial neural network. International Journal of Food Engineering, v.
13,n.2,p. 1-8, 2017.

SARTORL J; J. A. de S.; MAGRI, N. T. C; AGUIAR, C. L. de. Clarificagdo de caldo de cana-de-agticar por perdxido de
hidrogénio: efeito da presenca de dextrana. Brazilian Journal of Food Technology, v. 18, n. 4, p. 299-306, 2015. DOI: https://doi.
org/10.1590/1981-6723.4215.



https://doi.org/10.1002/fsn3.985
https://doi.org/10.4025/actascitechnol.v34i4.8890
https://doi.org/10.4025/actascitechnol.v34i4.8890
https://doi.org/10.1111/jfpe.12661
https://doi.org/10.1111/jfpe.12661
https://doi.org/10.1590/1981-6723.4215
https://doi.org/10.1590/1981-6723.4215

SILVA, W. S.,; SARTORI, J. A. S.; AGUIAR, C. L. Combination effect of ozone and heat treatment for the color reduction in
sugarcane juice. Chemical and Process Engineering Research, v. 35, n. 1, p. 75-83, 2015. v. 35, n. 1, p. 75-83, 2015.

SOUZA, R. C; SILVA, T. L; SANTOS, A. Z; TAVARES, C. R. G. Tratamento de efluentes de lavanderia hospitalar por
processo oxidativo avan¢ado: UV/H202. Engenharia Sanitaria e Ambiental, v. 24, p. 601-611, 2019. DOI: 10.1590/S1413-
41522019092923.

TEIXEIRA, V,; SILVA, A. F; FREITA, C. M; FREITA, L. A; MENDES, E. Q;; TRALLL L. F; MUTTON, M. J. R. Using moringa
oleifera lamarck seed extract for controlling microbial contamination when producing organic cachaca. International Journal
of Food Microbiology, v. 308, 108287, p. 1-9, 2019.

THAI C. C. D;; BAKIR, H.; DOHERTY, W. O. S. Insights to the clarification of sugar cane juice expressed from sugarcane
stalk and trash. Journal of Agricultural and Food Chemistry, v. 60, n. 11, p. 2916-2923, 2012. DOI: https://doi.org/10.1021/
j£204998b.

THAL C. C. D., MOGHADDAM, L.; DOHERTY, W. O. S. Calcium phosphate flocs and the clarification of the sugar cane juice
from whole of crop harvesting. Journal of Agricultural and Food Chemistry, v. 63, n. 5, p. 1573-1581, 2015. DOI: https://doi.
org/10.1021/jf502229f.

TIWARI, R. N,; GANDHARY, C. A; DHARAMVIR, K.; KUMAR, S.; VERMA, G. Scale minimization in sugar industry
evaporators using nanoporous industrial bio-solid waste bagasse fly ash. Sugar Tech, v. 21, n. 2, p. 301-311, 2019.

VU, T; LEBLANG, J.; CHOU, C. C. Clarification of sugarcane juice by ultrafiltration membrane: toward the direct production
of refined cane sugar. Journal of Food Engineering, v. 264, 109682, 2020.



https://doi.org/10.1021/jf204998b
https://doi.org/10.1021/jf204998b
https://doi.org/10.1021/jf502229f
https://doi.org/10.1021/jf502229f

