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Abstract
To identify a possible use for some agroindustrial wastes generated from the sugarcane industry, we evaluated the antioxidant 
capacity of B and C molasses and vinasses from the sugar and bioethanol production processes. Molasses and vinasses were 
characterized by physicochemical methods. Subsequently, the samples were diluted in distilled water at five concentrations 
to obtain aqueous extracts. Total phenolic content (TPC) of the samples was determined using a spectrophotometric method 
and was expressed in mg equivalents of gallic acid. The antioxidant capacity of each sample was determined by DPPH 
(2,2-diphenyl-1-picrylhydrazyl radical) and ABTS (2,2-azino-bis-[3-ethylbenzothiazoline-6-sulfonic acid]) methods, as well 
as the ferric-reducing power in FRAP (Ferric-reducing Antioxidant Power) assay. We found that, both for TPC and anti-
oxidant capacity, the vinasses showed significantly higher values than the B and C molasses. These results showed a strong 
correlation between TPC and antioxidant capacity and revealed a remarkable increase in TPC and total antioxidant agents 
present in the extracts throughout the sugarcane transformation process. These findings allowed identifying vinasses as the 
by-product with the best antioxidant properties. Our work constitutes a first step in the study of molasses and vinasses as a 
promising antioxidant agent and as a novel resource to test in proliferative trials in cellular systems in vitro.

Graphical Abstract

Keywords Saccharum officinarum · Phenolic compounds · Sugarcane by-products · Sugarcane distillery spent wash · 
Bioactivity · Added value

Statement of Novelty

In recent years, it has been shown that products with anti-
oxidative activity might be used as potential agents to treat 
specific diseases like cancer. The possible application of 
either molasses or vinasses to further explore their potential 

 * Andrea Molina-Cortés 
 amolina1@usbcali.edu.co

Extended author information available on the last page of the article

http://orcid.org/0000-0003-4742-9421
http://orcid.org/0000-0001-5334-4286
http://orcid.org/0000-0003-2631-270X
http://crossmark.crossref.org/dialog/?doi=10.1007/s12649-019-00690-1&domain=pdf


3454 Waste and Biomass Valorization (2020) 11:3453–3463

1 3

as antioxidant elements or even as an antiproliferative agent 
in a cellular context opens a new perspective in which an 
agroindustrial waste is now transformed into a specific prod-
uct with added value in the pharmaceutical industry. Our 
work is novel in the identification of vinasses as the by-
product with the best antioxidant properties, representing 
a new alternative for the use and recovery of this material, 
previously considered as industrial waste.

Introduction

Sugarcane agriculture supplies about 80% of the world sugar 
demand, being one of the most important crops worldwide 
[1]. In Colombia, there are 243.232 ha of sugarcane planted 
in the geographical valley of the Cauca River [2]. This crop 
contributes significantly to the national economy due to the 
industrialization of both sugar and bioethanol, which repre-
sents about 3.7% of the country’s agricultural gross domes-
tic product. In 2016, Colombia ranked 13th in the world 
ranking among 91 producing countries, which represented 
1.3% of the world sugar production [2]. Complementarily, 
in 2017, the Colombian factories milled 24.38 million tons 
of sugarcane [2]. The current production implies the gen-
eration of considerable quantities of secondary and waste 
materials. From this perspective, novel alternatives might be 
found in order to promote the entire use of residues from the 
sugarcane industry. The generation of added value to these 
by-products is as important as the improvement and sustain-
ability of the industry itself. On this basis, in recent years the 
sugarcane industry has expanded its research interests to the 
rational use of its by-products and wastes.

During the process of sugarcane industrialization, the 
stalks go through a series of mills that extracts the liquid 
fraction in which the sugars are diluted. From the evapo-
ration of these juices and subsequent crystallization of the 
syrups, several types of molasses are generated, which differ 
in number and composition depending on the stages involved 
during the multiple-effect evaporation procedure. A triple-
effect evaporation process is generally applied, resulting in 
three types of molasses, namely A, B and C molasses [3, 4]. 
A and B molasses are recycled in order to maximize sucrose 
extraction; while C molasses (usually known as “molasses”), 
represents a side-product of sugar production that does not 
provide greater sucrose recovery. This final molasses has 
been considered as one of the most important by-products of 
the sugar industry, not only for its quantities between 3 and 
7% of the weight of the harvested sugarcane [5–7] but also, 
due to its utility in animal feeding and it use as raw material 
for biofuel production [7–9].

As a consequence of the bioethanol production, either 
from sugarcane or from its by-products, vinasses are gen-
erated as waste effluents in proportions ranging from 3:1 

to 15:1 (liters of vinasse per liter of bioethanol produced) 
[5, 10]. These high volumes of production and features 
such as the high organic matter content and high chemical 
and biological oxygen demand (COD and BOD, respec-
tively), turn the vinasses into a major environmental prob-
lem, since when they are dumped in water bodies such as 
rivers or lagoons, they produce several damages in the 
dynamics of these ecosystems [11, 12].

To give better use of this material, vinasses have been 
applied in low doses as agricultural fertilizer for soils [5, 
13]. Although these practices contribute to the mitigation 
of the negative impacts associated with the generation 
of wastes during the sugar and ethanol processing, it is 
necessary to find other strategies for their complete use. 
An interesting alternative might be to explore the chemi-
cal and biological properties of molasses and vinasses, 
especially their potential antioxidant properties [8, 9, 
14, 15]. Although in the current market several synthetic 
antioxidant compounds exist, a marked bias towards their 
natural sourcing is being generalized since natural com-
pounds minimize the adverse effects attributed to the use 
of synthetic compounds. Complementarily, this promotes 
the more efficient use of biological raw materials, while 
simultaneously expands the need for generating new prod-
ucts with higher added value [16].

Although multiple studies have explored some of the 
products and by-products derived from sugarcane process-
ing as a source of bioactive antioxidant compounds [4, 15, 
17–23], the present study focuses on molasses and even 
more in vinasses since the latter are the less explored by-
product in the sugarcane industry in terms of its potential 
biological activity. Among the molecules that have been 
isolated from different matrices from sugarcane processing 
it is possible to find several compounds such as apigenin, 
luteolin, tricine, quercetin, and gallic, caffeic, chlorogenic, 
ferulic, vanillic, and syringic acids, among others [4, 15, 
17, 18, 21, 24].

In a synergistic effect, the action of two substances 
together are greater than the sum of either effect alone, 
therefore the effects of a chemical mixture are extremely 
complex and may differ for each mixture depending on the 
chemical composition. This complexity is a major reason 
why mixtures have not been well studied. Nevertheless, there 
are increasing evidence of the synergistic effects of chemical 
mixtures over specific cellular responses and diseases out-
comes. Although the antioxidant response of purified com-
pounds from different extracts has been demonstrated, there 
is evidence suggesting an additive and synergic effect of 
the complex molecular mixture presents in a whole sample 
[25, 26]. Accordingly, it is necessary to evaluate the overall 
antioxidant capacity of the generated by-products. In this 
respect, molasses and vinasses are interesting elements for 
evaluating their antioxidant capacity as whole matrices, 
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even more, when as a future perspective the antiprolifera-
tive potential of molasses and vinasses in a cellular context 
will be assessed.

The present study aimed to determine the antioxidant 
capacity of molasses and vinasses derived from the pro-
cesses of obtaining sugar and ethanol from sugarcane. This 
research represents an essential step for the definition of 
higher added value for these by-products and a contribution 
in the search for new sources of compounds with biologi-
cal activities that would turn them into potential antioxidant 
agents for agroindustrial applications. Additionally, it has 
been shown that novel products with antioxidative activity 
might be used as potential agents to treat specific diseases as 
cancer [27, 28]. The possible application of either molasses 
or vinasses to further explore their potential as antioxidant 
elements or even as an antiproliferative agents in in vitro 
assays, opens a new perspective regarding the potential 
therapeutic use of these by-products.

Materials and Methods

Materials and Reagents

Folin–Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl radi-
cal (DPPH), 2,2-azino-bis-[3-ethylbenzothiazoline-6-sul-
fonic acid] (ABTS), 2,4,6-tripyridyl-s-triazine (TPTZ), and 
the standards of gallic acid and Trolox were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). All other chemicals 
and reagents used were of analytical grade.

The molasses and vinasses samples were supplied by the 
Colombian Sugarcane Research Center (Centro de Inves-
tigación de la Caña de Azúcar de Colombia—Cenicaña), 
which in turn receive them from the different sugar mills and 
distilleries of the country. Specifically, the molasses samples 
analyzed in this study came from Ingenio Riopaila-Castilla 
and the vinasses from Ingenio Providencia, both located in 
Valle del Cauca state, Colombia.

Preparation of Samples

C molasses samples were analyzed and compared with sam-
ples of an intermediate material (B molasses). The aqueous 
extracts of each sample were obtained by diluting separately 
0.1, 0.2, 0.3, 0.4, and 0.5 g of molasses in 50 ml of distilled 
water.

Vinasse samples were retrieved from the processing of 
sugarcane molasses to obtain ethanol. The aqueous extracts 
of vinasses were obtained diluting separately 0.3, 0.4, 0.5, 
0.6, and 0.7 ml of vinasse in 50 ml of distilled water. Before 
undergoing the different analyses, both types of aqueous 
extracts (from molasses and vinasses) were homogenized 

and filtered through a filtering aid (Celite—Profinas S.A.S, 
Cali, Colombia).

Physicochemical Characterization of By‑Products

The samples were characterized physiochemically regarding 
moisture content (MC %), total soluble solids (TSS—°Brix), 
and pH. For these tests, the vinasse samples were analyzed 
directly, while B and C molasses were subjected to a previ-
ous dilution 1:5 (w/w) in order to facilitate data collection. 
The MC was determined by weight difference after vacuum 
drying for 24 h (65 ± 2 °C, 13 kPa) [29]. The TSS quantifi-
cation was made by measuring the refractive index at 20 °C 
using a refractometer with electronic temperature control 
and conversion to Brix degrees values (Index Instruments 
Ltd. Model TCR 15-30). The pH readings were done directly 
on the vinasse samples and diluted molasses with a digital 
pH-meter  (Hach® Model HQ11D). To complete the physico-
chemical characterization of the samples, the chemical and 
biological oxygen demands (COD and BOD, respectively) 
were determined.

Quantification of Total Phenolic Content (TPC)

Total phenolic compounds present in the aqueous extracts of 
B and C molasses and vinasses were quantified spectropho-
tometrically through the Folin–Ciocalteu test following the 
protocol of Singleton et al. [30] with specific modifications 
[31]. Gallic acid (GA) was used as standard and distilled 
water as the blank sample. In a 10 ml volumetric flask, 4 ml 
of distilled water were mixed with 0.4 ml of the standard 
solution, the blank sample, or the extract to be analyzed. 
0.4 ml of Folin–Ciocalteu reagent was then immediately 
added and the solution was allowed to react for 5 min. At 
the end of this period, 4 ml of a 7%  Na2CO3 solution was 
added, the mixture was stirred, and the volumetric flask was 
brought up to volume with distilled water. After 90 min of 
incubation in the dark and at room temperature (± 23 °C), 
the solution absorbance was measured at 730 nm using a 
spectrophotometer  (Jenway® Model 7315 UV/Visible single 
beam). The TPC was expressed as mg equivalents of GA per 
g of dry matter (mg GAE/g).

Determination of Antioxidant Capacity

The antioxidant capacity was analyzed as the potential of 
the samples for free radical scavenging. According to this, 
DPPH, ABTS, and FRAP tests were applied.

DPPH· Scavenging Activity

To determine the scavenging activity of the DPPH radical 
(DPPH·) the procedure proposed by Brand-Williams et al. 
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[32] was applied with specific modifications [8, 33], using 
Trolox as standard and methanol as the blank sample. In 
a test tube, 3 ml of a 0.1 mM DPPH· methanolic solution 
and 0.15 ml of the standard solution, the blank sample, or 
the extract to be analyzed, were added. The mixture was 
stirred in a vortex for 10 s and allowed to react in the dark 
for 30 min at room temperature. After this time, the solution 
absorbance was measured at 517 nm in a spectrophotometer 
 (Jenway® Model 7315 UV/Visible single beam). The anti-
oxidant activity was expressed as the inhibition percentage 
according to the following equation:

where A0 corresponds to the absorbance value of the blank 
sample, and A is the absorbance value of the analyzed sam-
ple. From the Trolox calibration curve, the Trolox Equiva-
lent Antioxidant Capacity (TEAC) was calculated and was 
expressed in micromoles of Trolox Equivalents (TE) per g 
of dry matter (μmol TE/g). Additionally, the results were 
expressed according to  IC50 parameter, which refers to the 
concentration of sample required to achieve a 50% inhibition 
of the radical.  IC50 was calculated from the function that 
relates the percentages of inhibition reached by the samples 
at different concentrations [8, 24].

ABTS·+ Scavenging Activity

The scavenging activity of the ABTS cation radical 
(ABTS·+) was determined using the methodology developed 
by Re et al. [34] with specific modifications [15, 17]. As in 
the DPPH test, Trolox was used as a standard, but ethanol 
was used as the blank sample. In this test, ABTS·+ must 
be previously generated through the reaction of a 2.45 mM 
potassium persulfate solution and a 7 mM ABTS solution 
in a 1:1 volumetric ratio. This mixture was allowed to react 
in the dark at room temperature for at least 16 h before use. 
The obtained radical was diluted in ethanol until reaching 
an absorbance of 0.7 ± 0.02 at 734 nm. In a test tube, 3 ml 
of the diluted ABTS·+ and 40 μl of the standard solution, the 
blank sample, or the extract to be analyzed, were added. This 
mixture was stirred in a vortex for 10 s and allowed to stand 
in the dark at room temperature. After 6 min, the solution 
absorbance was measured at 734 nm using a spectrophotom-
eter  (Jenway® Model 7315 UV/Visible single beam). In the 
same way as in the DPPH assay, the results of this test were 
expressed as TEAC (µmol TE/g) and  IC50.

Ferric‑Reducing Antioxidant Power (FRAP) Assay

FRAP was evaluated according to the adaptations of the 
Benzie and Strain method [35, 36] suggested by Pulido et al. 

(1)I[%] =
A
0
− A

A
0

× 100

[37] and other authors [14, 38]. Trolox and ferrous sulfate 
 (FeSO4) were used as standards, and distilled water was used 
as the blank sample. Before the application of each test, 
FRAP reagent should be prepared and maintained through-
out the process in a water bath at 37 °C. FRAP reagent was 
obtained from the mixture in a 10:1:1 ratio (by volume) of 
a 300 mM acetate buffer (pH 3.6), a 20 mM ferric chlo-
ride solution, and a 10 mM TPTZ solution prepared with a 
40 mM HCl solution. In a test tube, 2.85 ml of freshly pre-
pared FRAP reagent was mixed with 150 μl of the standard 
solution, the blank sample, or the extract to be analyzed. 
This mixture was stirred in a vortex for 10 s and was placed 
in the dark at room temperature. After 30 min of incubation, 
the solution absorbance was measured at 593 nm using a 
spectrophotometer  (Jenway® Model 7315 UV/Visible single 
beam). The antioxidant capacity was expressed as FRAP 
Value in micromoles of Trolox and ferrous sulfate equiva-
lents per g of dry matter (µmol TE/g and µmol  FeSO4/g, 
respectively).

Statistical Analysis

All data were expressed as the mean ± the standard devia-
tion. For the results analysis, a unifactorial analysis of vari-
ance (ANOVA) completely randomized, with a confidence 
level of 95% was applied. For the identification of treatments 
with significant differences, Tuckey’s means comparison test 
was applied. These analyzes were done with the software 
SPSS (PASW Statistics 18, version 18.0.0).

Results and Discussion

Physicochemical Characterization of Molasses 
and Vinasses

The MC, TSS, pH, COD, and BOD values of the analyzed 
samples are presented in Table 1. The TSS exhibited by 
B and C molasses are into the established ranges by the 
Colombian Technical Standard NTC 587/1994 for this kind 
of by-products [39]. Likewise, the TSS and pH values of 
C molasses are very similar to those obtained by Gasmalla 
et al. [40]. As for the vinasse, although TSS are slightly 
higher than the reported by Aristizábal [41] and Ahmed 
et al. [12], these parameters as well as the pH, COD, and 
BOD are typical of this kind of materials and are within the 
ranges reported by various authors [11–13].

After harvesting and entering the factory for processing, 
the sugarcane stalks go through a series of transformations 
that give rise to sucrose and ethanol as primary products. 
One of the intermediate products from which the sugar crys-
tals are extracted corresponds to B molasses, which comes 
from the evaporation of sugarcane juices and subsequent 



3457Waste and Biomass Valorization (2020) 11:3453–3463 

1 3

crystallization of syrups. In this sense, it is expected to 
obtain molasses with low moisture and high concentration of 
TSS. However, B molasses is an intermediate material from 
which some sucrose crystals can still be extracted. From the 
processing of B molasses, an exhausted syrup is generated 
that is much more concentrated but does not offer a higher 
sucrose recovery. This by-product, known as C molasses, 
tends to present higher °Brix values and lower moisture val-
ues than B molasses (Table 1). As a consequence of TSS 
concentration in molasses, a progressive reduction of the 
pH occurs due to different organic compounds naturally 
present in the sugarcane juices, and others formed during 
the manufacturing process, including several organic acids 
such as formic, acetic, and lactic acids [42]. On the other 
hand, vinasse constitutes a liquid waste generated during 
the bioethanol production from sugarcane or its by-prod-
ucts. Its high concentration of micronutrients and organic 
compounds (reflected in the high COD and BOD values—
Table 1) produce remarkable acidification of the medium 
[12, 13], which confirms the polluting potential of sugarcane 
by-products and highlight the necessity for finding different 
strategies for their use.

Total Phenolic Content (TPC) of Molasses 
and Vinasses

Figure 1 represents the TPC of the different analyzed sam-
ples. We found a marked difference in TPC values among 
vinasses and B and C molasses (p < 0.05), since the former 
presented a TPC of 52.10 ± 1.93 mg GAE/g, while B and C 
molasses had values of 13.91 ± 0.36 and 19.40 ± 0.54 mg 
GAE/g, respectively. Considering that sugarcane juices 
have a TPC of 2.67 ± 0.04 mg GAE/g, these results reveal 
an apparent increase of phenolic compounds in the inter-
mediate products and by-products as the sugarcane trans-
formation process progresses. It has been reported that the 
increase of phenolic compounds in the downstream pro-
cessing by-products would be related to the release of the 
aglycones from the phenolic glycosides present in sugarcane 
juices, which would cause a higher concentration of this free 
phenolic structures in molasses and vinasses [43, 44]. In 
this respect, Duarte-Almeida et al. [18] and Payet et al. [4] 
have argued that some of the phenolic compounds found in 
molasses could be obtained as a product of the degradation 
of hydroxycinnamic acid derivatives present in sugarcane 
juices. This phenomenon occurs during milling processes, 
where certain enzymatic reactions are induced to promot-
ing the methylation of caffeic acid to produce ferulic acid. 
Furthermore, it has been pointed out that both ferulic acid 
and vanillin can be obtained from lignin and hemicellulose 
and hydrolyzed during the extraction of sugarcane juices [4].

Usually, sugarcane juices have a turbid appearance and a 
marked coloration in different green–brown tones. As it has 
been known, these characteristics derive from the presence 
of various organic compounds, including phenolic com-
pounds [45, 46]. Industrially, the coloration of the sugarcane 
juices has been an undesirable attribute due to its influence 
on the final quality of white sugar crystals obtained from 
them. That is why it is necessary to apply clarification pro-
cesses. However, when the colored compounds are removed 
from the sugar crystals, a part of them (including phenolic 
compounds) are retained in the different secondary streams, 
being found in significant quantities in B and C molasses [4]. 
Regarding the vinasse, this type of compounds also remains 
in significant quantities in this waste, since yeasts do not 
consume them during the sugar fermentation, and neither 
are degraded during the distillation processes [22].

Table 1  Physicochemical 
characterization of analyzed 
molasses and vinasses

Values with different superscript letters in the same columns are significantly different (p < 0.05; one-way 
ANOVA followed by Tukey’s test)

Sample MC (%) TSS (°Brix) pH COD (g/l) BOD (g/l)

B Molasses 27.40 ± 9.52a 80.08 ± 0.67a 6.10 ± 0.02a 1786.74 6388.99
C Molasses 22.58 ± 6.66a 84.09 ± 0.53b 5.91 ± 0.01b 830.32 389.44
Vinasse 90.31 ± 1.12b 14.92 ± 0.03c 4.91 ± 0.01c 70.81 35.58
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Fig. 1  TPC of B and C molasses and vinasses samples. Bars with dif-
ferent letters are significantly different (p < 0.05; one-way ANOVA 
followed by Tukey’s test). *The results for sugarcane juices are shown 
in the graph as a reference point
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When we compare our TPC values found for sugarcane 
molasses and vinasses with other plant products we can 
observe these by-products are below of high antioxidant 
power products such as blackberries and blueberries, which 
are highly colored and have revealed phenolic contents 
between 67.1 and 126.3 mg GAE/g [47]. However, other 
products of recognized antioxidant value such as basil, spin-
ach, and apples have TPC values relatively close to those 
found in the analyzed vinasses samples (between 51.4 and 
53.5 mg GAE/g) [47, 48]. Meanwhile, other plant products 
such as carrots, cucumbers, cabbages, and parsley are in 
ranges close to the values found in C molasses (between 18.8 
and 21.0 mg GAE/g approximately) [47, 48].

An important limitation recognized by the scientific 
community arises when comparing the results of different 
studies on the characterization of phenolic compounds and 
antioxidant capacity, due to factors such as the origin of raw 
materials, previous treatments applied to samples, and meth-
odological variations of the protocols. Although our find-
ings show values of TPC that differ from those obtained by 
other authors for sugarcane molasses, they do exhibit similar 
behavior as the one published in the literature [4, 49]. This 
fact could be explained by considering the heterogeneity of 
the analyzed samples and the presence of different molecules 
that could interfere in the analytical determinations.

Antioxidant Capacity of Molasses and Vinasses

Generally, antioxidant compounds act by different mecha-
nisms depending on the reaction conditions, for example, 
according to the type of molecule and the oxidizing agents 
on which they react [50]. Based on the chemical reactions 
involved, the antioxidant capacity in vitro can be determined 
by methods that are based on hydrogen atom transfer (HAT) 
or single electron transfer (SET) reactions [51]. Up to date, 
no single method accurately determines the antioxidant 
capacity of a complex system; for this reason, it is neces-
sary to apply several procedures to the samples to have a 
better approximation on the antioxidant capacity [50–52]. 
With this respect, DPPH and ABTS assays have been widely 
used to evaluate the antiradical activity of a sample based on 
its ability to transfer electrons or hydrogen atoms. Similarly, 
the FRAP assay measures this property based on the abil-
ity of the antioxidant compounds to transfer electrons and, 
consequently, to reduce ferric iron (III) to ferrous iron (II) 
[50, 52].

As highlighted in Fig. 2, in all assays performed in this 
study, we found a positive correlation between the con-
centration of the samples and their antioxidant capacity 
(0.9913 < R2 < 0.9998). From DPPH and ABTS tests, as 
well as in the FRAP assay, it was found that vinasse has 
better antioxidant properties than B and C molasses since 
it presented significantly higher values of TEAC and FRAP 

(p < 0.05), as well, as significantly lower  IC50 (p < 0.05) 
(Table 2). This last parameter is inversely proportional to the 
antioxidant capacity; hence the amount of vinasse required 
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to achieve the 50% of free radical scavenging is lower com-
pared to both B and C molasses.

Based on the results presented in Table 2 it is possible 
to observe that, in all cases, the antioxidant capacity in TE 
is higher in the ABTS method. This behavior is similar to 
the observed by many researchers who have noticed a better 
inhibitory activity against ABTS·+ than DPPH· [53]. As it 
has been reported, this differential response would be related 
to the steric accessibility of the antioxidant molecules to the 
bulk radicals [54, 55]. For the ABTS method, antioxidant 
compounds that function primarily via SET or do not have 
bulky ring systems have better access to the radical site, so 
they react rapidly. Meanwhile, antioxidant with more com-
plex structures or functioning via HAT also react, although 
in a slower way [54]. These effects produce faster reaction 
kinetics, and higher antioxidant responses [53]. In contrast, 
DPPH method is more selective in HAT reactions since radi-
cal does not react with aromatic acids containing only one 
OH-group [55]. On the other hand, it has been noticed that 
compounds that show activity in the ABTS assays will also 
react in the FRAP assays, that is because of the similar-
ity in its redox potentials. However, since the FRAP assay 
must be performed at an acidic pH to protect iron solubility 
(which increases the redox potential), FRAP values are usu-
ally lower than ABTS assay values [54].

Previously, the potential presented by several products 
and by-products derived from the sugarcane industry as a 
source of antioxidant molecules has been reported [4, 15, 
17, 45, 56]. Among the by-products generated in the factory, 
it has been more widespread established the analysis of C 
molasses compared to vinasses. In fact, regarding vinasses, 
just one study is known for addressing its potential as a 
source of antioxidant compounds [22]. Despite the marked 
interest that has been raised towards C molasses, the pre-
sented data in Table 2 show how the antioxidant capacity 
of vinasse, represented by  IC50, TEAC, and FRAP values, 
exceeds approximately 2.6 times at C molasses and 3.7 times 
B molasses. When comparing these values between both 
molasses, the difference, although statistically significant 
(p < 0.05), is not important. In contrast, when comparing the 
antiradical capacity of the samples with the data obtained 
from a recognized antioxidant as Trolox, the vinasse samples 

did not exceeded their reducing power in none of the per-
formed tests. Accordingly, it is possible to consider these 
results as a quality indicator for vinasse valorization, since 
from such a complex mixture, new alternatives could be 
explored for their use as antioxidant agents of valuable 
industrial interest. For example, it has been suggested that 
antioxidative properties might be related with other bio-
logical activities such as inhibition of cell proliferation [27, 
28]. This could be exploited at a pharmacological level to 
deepen into the study and treatment of specific diseases such 
as cancer.

Correlation Between TPC and Antioxidant Capacity

According to our findings, the relation of the antioxidant 
capacity between B molasses and vinasses is 1:3.7, which 
is consistent with the relation shown by TPC between these 
two by-products. For the case of C molasses and vinasses, 
the relation of antioxidant capacity is 1:2.6, which remains 
similar with the spectrophotometric quantification of phe-
nolic compounds (Fig. 3). Several researchers have dem-
onstrated the antioxidant properties exerted by phenolic 
compounds, especially those associated with their ability 
to scavenge free radicals [57–60]. Naturally, phenolic com-
pounds came from the secondary plant metabolism, playing 

Table 2  Antioxidant capacity of B and C molasses and vinasses samples analyzed under three free-radical scavenging assays in vitro

Values with different superscript letters in the same columns are significantly different (p < 0.05; one-way ANOVA followed by Tukey’s test)

Samples DPPH ABTS FRAP

TEAC (µmol TE/g) IC50 (mg/ml) TEAC (µmol TE/g) IC50 (mg/ml) FRAP Value (µmol TE/g) FRAP Value (µmol FeSO4/g)

B Molasses 46.41 ± 6.47a 9.88 ± 0.20a 102.34 ± 11.40a 9.31 ± 0.48a 61.29 ± 10.25a 132.35 ± 10.46a

C Molasses 68.45 ± 8.12b 6.77 ± 0.57b 138.16 ± 9.93b 6.89 ± 0.46b 97.85 ± 5.73b 202.12 ± 2.99b

Vinasse 175.65 ± 23.99c 2.52 ± 0.30c 377.71 ± 39.09c 2.49 ± 0.29c 232.05 ± 14.59c 498.72 ± 11.54c

Trolox – 0.11 ± 0.01d – 0.23 ± 0.02d – 7876.99 ± 646.89d
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various non-nutritional roles related to different adaptation 
mechanisms to the environment, for example, as a defense 
system against physicochemical and biological effects such 
as ultraviolet radiation, oxidizing agents, pathogenic micro-
organisms, parasites, predators, and diseases [61]. When this 
natural function of phenolic compounds in plants is con-
sidered, it is to be expected that these compounds might 
exhibit some biological activity in vitro. Additionally, when 
considering its molecular structure, factors such as the abun-
dant presence of conjugated double bonds, and the multiple 
hydroxyl groups, provide to phenolic compounds the opti-
mal chemical characteristics to prevent and combat oxidative 
damage caused by free radicals [57–62].

As a result of the study of aqueous extracts of B and C 
molasses, and vinasses, we confirmed the strong correla-
tion between its TPC and its ability to scavenge free-radi-
cals (Fig. 4). This behavior has been widely demonstrated 
by several authors, who have established a collectively 
accepted fact that the antioxidant properties of different 
biological matrices are derived from the presence of phe-
nolic compounds [57, 58, 63, 64]. However, even though the 
Folin–Ciocalteu test has traditionally been associated with 
TPC determination, it is known that other types of reducing 
molecules intervene in the reaction, leading to overestima-
tion errors. Accordingly, the Folin–Ciocalteu test, beyond 
quantifying phenolic compounds, considers the totality of 
antioxidant agents present in a sample [4, 17, 54].

Previous studies have indicated that phenolic compounds 
from the plant secondary metabolism are not solely respon-
sible for the characteristic colors of sugarcane juices and 
its derivative products [45, 46]. Other molecules formed 
from the harvest and during the transformation processes 
within the factory exist, for example, some compounds 
originated from changes in temperature, pH, or by the inter-
action among different components of the material. These 

compounds, known as Maillard reaction products (MRPs), 
arise from the reaction between the free amino groups and 
the carbonyl groups present in the sugarcane products, with 
the intermediation of high temperatures involved throughout 
the production process [17, 61, 65]. As with phenolic com-
pounds, MRPs are eliminated from the white sugar crystals 
and retained in colored products and by-products such as B 
and C molasses and vinasses, giving them their particular 
flavors, aromas, and brown colors [46]. As reported previ-
ously, MRPs have revealed antiradical activities that add 
specific effects exerted by phenolic compounds to the antiox-
idant [22, 65–69]. It is necessary to carry out more in-depth 
studies that allow the identification of the different types of 
compounds present in the analyzed samples, and that may 
exhibit antioxidant activity in vitro.

The present study is the first one exploring the antioxidant 
potential of sugarcane molasses and vinasses. Nevertheless, 
it is of our interest to explore the antiproliferative poten-
tial of both by-products, in a biological context. From this 
perspective, most studies about the effects of chemicals on 
biologic systems are conducted on one compound at a time. 
However, at cellular level, they are exposed to mixtures, not 
single chemicals. Although various substances may have 
totally independent actions, in many cases two or more ele-
ments may act at the same receptor, the same transductional 
cascade, or over the same biochemical pathway, in ways that 
can be additive. There are increasing evidence of the syn-
ergistic effects of chemical mixtures over specific cellular 
responses. Carpenter et al. [70] clearly exemplify the addi-
tive effects of chemical mixtures that are used in the treat-
ment of specific human diseases as cancer or neurodegenera-
tive problems. Given that as a future perspective we want to 
evaluate the antiproliferative potential of sugarcane molasses 
and vinasses in a cellular context, it is worth to take into 
account for the in vitro cellular assays the analyzed matrices 
as a whole rather than as separated chemicals, in such a way 
the synergistic effects that the different substances present 
in the mixture might have over the cellular response would 
be dismissed. Accordingly, the possible application of either 
molasses or vinasses to further explore their potential as 
antioxidant elements or even as an antiproliferative agents 
in in vitro assays, opens a new perspective regarding the 
potential therapeutic use of these by-products.

Conclusions

In vitro tests here applied to determine the free radicals 
scavenging capacity of aqueous extracts of B and C molas-
ses and vinasses generated during the sugar and ethanol 
processing, allowed to identify vinasse as the by-product 
with better antioxidant properties; this associated with its 
higher concentration of total phenolic compounds. Based on 
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the analysis carried out, the relationship between these two 
variables (antioxidant capacity and TPC) was confirmed. 
Likewise, it was observed how the products and by-products 
derived from a higher degree of processing of sugarcane 
juices increase their ability to neutralize free radicals. This 
fact could indicate that the transformation processes applied 
to sugarcane enhance the concentration of bioactive mol-
ecules naturally present in the stalks, and also promote the 
formation of other organic compounds such as MRPs or phe-
nolic compounds that contribute to the antioxidant response 
observed in vitro. In this sense, most of these antioxidant 
compounds are retained in the different secondary streams 
such as C molasses and vinasse.

As a result of the evaluation of the antioxidant behavior of 
the aqueous extracts from sugarcane molasses and vinasses, 
the way has been opened to extend our research towards 
the exploration of the antiproliferative potential of both by-
products, in a biological context. Our findings suggest, in 
general, a real potential of sugarcane molasses and vinasses 
as a source of bioactive compounds with antioxidant capac-
ity. These results could promote the entire use of a natural 
resource of high commercial interest such as sugarcane. Fur-
thermore, finding biologically active molecules in this kind 
of by-products point towards the idea that such by-products 
could be applied, in the future, as active agents against the 
oxidation of biomolecules. Even though our work has some 
limitations, we believe that it could be a starting point to 
future determine effective concentrations, possible levels of 
toxicity, and eventual secondary effects that can be generated 
by the use of these by-products. Based on our results, future 
work will focus on exploring the potential of molasses and 
vinasses as an antiproliferative agent in a cellular context. 
These new applications would not only contribute to the 
diversification of the sugarcane agroindustry but would also 
contribute to the reduction of the environmental and eco-
nomic impacts that have traditionally been associated with 
the generation and final disposal of molasses and vinasses.
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