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Abstract: The use of new synthesized ammonium-based ionic liquids was explored as an alternative
to the current process implemented in the betanin extraction from red beet juice, resulting in high
yields: 70% and 82%. Betanin is a vegetal pigment that has been applied to a large variety of
products in the food industry, which is important, for it can work as a substitute for the red synthetic
dyes used nowadays. Additionally, the use of the kosmotropic salt sodium acetate was explored
in order to separate the complex formed by the ionic liquid and pigment of interest in a process
that combined two techniques: ATPS (aqueous two-phase system) and SOES (salting-out extraction
system). The results reveal that the studied techniques could work as a novel process for the extraction
of betanin from red beet juice employing ionic liquids, which have not been tested for this purpose in
other research.

Keywords: natural beet juice; betanin; extraction process; ammonium-based ionic liquids; kosmotropic
salts

1. Introduction

Ionic liquids (ILs) have started to play an important role as design-solvents in ex-
traction processes of natural substances: phycobiliproteins from spirulina algae [1], the
pigment curcumin [2], and anthocyanins [3]. In most cases, imidazole-based ILs have
been widely used because of their high stability, conductivity, miscibility with different
substances, and synthesis ease, but unfortunately, at the same time, they tend to have
some kind of cytotoxicity for microorganisms [4,5]. In contrast, ammonium-based ILs have
shown fewer cytotoxicity effects, so the use of this kind of compound is promising in the
food industry [6].

The conditions of extraction processes of natural products are very important because
they are susceptible to degradation due to factors such as high temperature (>70 ◦C), acid
or alkaline pH, and air, specifically betanins [7,8]. In this context, there are multiple reports
on betanin extraction, employing different techniques: by low DC or pulsed electrical
field [9–11], g-irradiation [12,13], diffusion apparatus [14], and ultrafiltration and osmotic
distillation [15], but extraction by solvents is still the most used due to its simplicity and
accessibility.

Aqueous two-phase systems (ATPSs) [16] occur when combinations of hydrophilic
solutes (polymers or polymer and certain salts) are incompatible in a specific aqueous solu-
tion above critical concentrations, and these systems have proved to be particularly useful
in different extraction processes of natural pigments [17–19]. The use of ammonium-based
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ILs and kosmotropic salts in biphasic systems for absorption and desorption processes
suggests a new approach for the extraction process of betanins, probably increasing the
extraction yields of natural pigments and reducing concomitant problems. Finally, the
aims and purpose of this work were the design of a recovery system of betanins from Beta
vulgaris (beetroot) using ionic liquids and kosmotropic salts at ambient temperature and
atmospheric pressure.

2. Results and Discussion
2.1. Synthesis of Ammonium-Based ILs

For the design of the ILs used in the present work, it was necessary to consider
the possible union sites in the betanin molecule (Figure 1), where the ILs could set up
interactions, and to consider the physical properties of the pigment. Analyzing the pigment
structure, it can be seen that it has a large number of hydroxyl and carboxyl groups;
furthermore, betanins are highly water-soluble pigments, which means that they have a
great affinity for aqueous phases.

Figure 1. Structure of betanin.

Additionally, ammonium derivatives display fewer eco- and cytotoxic features than
imidazolium-based ILs [5], and the presence of the biodegradable carboxylic anionic part
(such as, tartaric or fumaric acids) has been widely exploited by the food and pharma-
ceutical industries, which is in contrast with the halogen anions present in other ILs [20].
Since it has been reported that the cationic part of ILs is responsible for their physical
properties, it was decided to use trihexylamine and trioctylamine to synthesize the IL
precursor during the quaternization process with dimethyl carbonate; considering that
both amines are hydrophobic compounds with high viscosity, it was suggested that the
final products would have high viscosity and low water solubility, which would lead to
capture of the pigment in the hydrophobic phase. Four acids were selected to form the
anionic part of the extracting ILs, where three of them were dicarboxylic acids (adipic,
fumaric, and tartaric) and the fourth was monohydroxybenzoic acid (salicylic) (Table 1).

These compounds were selected because they have similar groups to those found in the
betanin structure. A ninth IL was designed using tributylamine during the quaternization
process and hexanoic acid to produce the final IL; this new IL had the purpose of decreasing
the viscosity of the other eight ILs. Finally, around eight ILs (each one) with two or
more carboxylic and/or hydroxyl functional groups in their structures were formed with
tributylmethylammoniumhexanoate [TBMA]+[HEX]−, thus becoming the eight different
synergistic extractive system.
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Table 1. Structure of the synthesized ILs.

Structure Name Abbreviation Yields

Trihexylmethylammoniumadipate [THMA]+[ADI]− 85%

Trioctylmethylammoniumadipate [TOMA]+[ADI]− 89%

Trihexylmethylammoniumfumarate [THMA]+[FUM]− 84%

Trioctylmethylammoniumfumarate [TOMA]+[FUM]− 86%

Trihexylmethylammoniumsalicylate [THMA]+[SAL]− 85%

Trioctylmethylammoniumsalicylate [TOMA]+[SAL]− 88%

Trihexylmethylammoniumtartarate [THMA]+[TAR]− 84%

Trioctylmethylammoniumtartarate [TOMA]+[TAR]− 87%

Tributylmethylammoniumhexanoate [TBMA]+[HEX]− 84%

2.2. Selection of the Best IL System to Absorb the Molecular Structure of Betanin from an
Aqueous Solution

From a qualitative point of view, it was observed that the best affinity was displayed
by those extracting ILs consisting of trioctylammonium [TOMA]+ in their cationic part,
indicating (by intensive coloration) that part of the pigment could be retained in the
extractor (upper) phase. The specificity of the ILs for the molecular structure of betanin was
determined by means of a qualitative extraction test, from which the remaining extracts
were subsequently recovered to quantify the amount of collected pigment based on the
extraction percentage (Pex) (Figure 2).
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Figure 2. Average results of extraction percentage (Pex) of CBE by different systems.

Based on qualitative and quantitative extraction tests of a commercial pigment (CBE),
the best results were shown by the cation [TOMA]+, and this effect could be attributed to
the increasing number of aliphatic chains, which confirmed the statement that, in general,
the physical properties of ILs are given to a greater extent by the cationic part [21]. The ILs
[THMA]+[ADI]− and [THMA]+[FUM]− had similar performance; however, the [TOMA]+

structure in the cationic part, particularly [TOMA]+[ADI]−, reached 68.90% for the commer-
cial pigment. The best extraction system, formed by [TOMA]+[ADI]−/[TBMA]+[HEX]−,
was used to extract betanin directly from fresh beet juice, where the concentration (309 ppm)
of natural pigment was around 3 times greater than the concentration of the commercial
product in the same volume (3 mL) (Figure 3).

Figure 3. Average results of extraction percentage (Pex) of betanin from beet juice by
[TOMA]+[ADI]−/[TBMA]+[HEX]− in one step.

It should be noted that the extraction process of betanin from a natural source did not
pass through pre-treatment; consequently, the aqueous solution could contain different sub-
stances, such as sugars, proteins, and amino acids, including some bio-active compounds,
such as polyphenols, flavonoids, and glycosides, etc., and these kinds of molecules were
capable of interacting with the extracting phase, decreasing the recovery percentage of the
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pigment of interest [22]. The extraction percentage (Pex) results of betanin from beet juice
show that they suffered the most significant changes when the extracting complex was
added between 0.30 and 1.2 mmol. At these concentrations, the efficiencies remained stable
(see the almost linear curve), which was probably due to the formation of a stability state,
where the mass transfer was not remarkably increased. The calculations of the distribution
coefficient forming the biphasic system ILs/Water (KIL’s/W) confirmed the results.

2.3. Calculation of Distribution Coefficients in the Biphasic Systems (KIL’s/W)

The distribution coefficients were calculated by different mathematical models—
Betageri et al. (1987) [23] and Lima et al. (2017) [3]—obtaining similar results. It is
worth mentioning that the obtained distribution coefficients were above 1.0, so betanins
had the best affinity with the organic (upper) phase, with 11.24 units of the KIL’s/W.
According to the calculations, it is possible to predict that amounts above 0.60 mmol of
extraction system are not useful (Figure 4) (Supplementary Materials).

Figure 4. Average results of distribution coefficient calculations of biphasic systems: ILs/water
(KIL’s/W).

As mentioned before, the extraction processes were carried out in one step, and in
order to increase the recovery percentage, it was decided to apply a multi-step approach
using 0.30 mmol of IL twice. For this purpose, in the first step, the same volume (3 mL)
of beet juice (309 ppm) was put in contact with 0.30 mmol of the extractive phase; then,
the recovered refining solution was treated again with the other quantity of complex IL
solution. The amounts of recovered pigment after each step were used to calculate the
total extraction percentages (Pt

ex). Table 2 shows the extraction percentages of betanins
(gradually), where during the first step, the extraction parameters of pigment using the
additional 0.30 mmol during the second step were better—that is, 0.60 mmol of IL in
total. After analyzing the pigment recovery during the next evaluations with additional
quantities of IL complex, it was found that in each step, the use of 0.60 mmol (1.20 mmol
in total) was excessive. The percentage of total recovery of betanins was significantly
increased by applying the multi-step system, where some parameters reached 72% and 82%
with 0.30 and 0.60 mmol per step, respectively, in comparison with the one-step system
(50% on average).
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Table 2. Recovery percentages of betanin (initial 1.40 × 10−3 mmol) after two steps.

[TOMA]+[ADI]−/[TBMA]+

[HEX]− Per Step (mmol) Steps Pex
Betanin

Recovery (mmol) (10−3)
Total, Betanin Recovery
(mmol) (10−3) Pt

ex (%)

0.30
1 49.91% 0.70
2 48.67% 0.36 1.04 74.30%

0.60
1 57.35% 0.60
2 43.67% 0.25 1.15 82.40%

In contrast, the new calculations of distribution coefficients taking into account the
multi-step recovery systems did not show remarkable changes (Figure 5).

Figure 5. Distribution coefficients after two steps (1st step—red color, 2nd step—grey color).

The distribution results calculated during the first step were close to the initial ones
in Figure 4: 11.61 and 7.84 units, correspondingly, but in the second step, the distribution
coefficient decreased to 11.05 and 4.52 units, showing the biggest difference when using
0.60 mmol of IL per step. It signaled that the best multi-step recovery system was when
0.30 mmol of IL was used during in each step.

2.4. Aqueous-Based Biphasic System (ILs and Kosmotropic Salts) in the Desorption Process

The extractive systems based on ILs showed promising results during the recovery
process of the natural pigment from the aqueous solution; however, another difficult
challenge was faced: the desorption process, when betanin has to be separated from the
ILs. The interactions between polar organic structures (ILs) and betanin are supposedly
based on intermolecular bonds: ion–dipole, H bonds, etc. The successful separation of
the ILs and pigment could confirm the nature of their interaction. Some kosmotropic
salts (K3PO4, CH3COONa, etc.) have been used during the recovery process of natural
pigments—for example, K3PO4 was applied in an aqueous-based biphasic system (ATPS) to
extract anthocyanins [3]; notwithstanding, this kind of salt elevated the pH of the aqueous
solution up to 11.5, and since betanins belong to an unstable group of chromophore-
molecules, the C=N bond was broken and as a consequence, the pigment suffered the
degradation process [24]. The main quality of kosmotropic salts is their capacity to increase
the hydrophobicity of some substances, leading to a salting-out effect that favors the stable
aggregation state of hydrophobic molecules [19].

Since the use of K3PO4 represents a disadvantage, for it modifies the solution pH, in
the present research work, it was decided to use ethanol and different solutions of sodium
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acetate at the following concentrations: 5.0%, 10.0%, 15.0%, and 20.0% p/v; however,
some authors reported using maximal values of CH3COONa until 40% p/v. According to
Ball et al. (2015) [19], the counterions could be capable of interacting with hydrophobic
molecules (in this case ILs) and at same time of breaking down the intermolecular bonds
between the organic phase (ILs) and pigment molecules, releasing the latter. ILs are a
stable set with a partial quantity of dissociated salt in the upper phase, while the rest of
the counterions form simultaneously ion–dipole interactions or a solvation effect with the
water–ethanol phase, displacing the substance with hydrophilic character (betanins). The
results point out that the best performance separating betanin (98%) was reached with 20%
of sodium acetate in the ethanol solution, confirming the statement that the higher the salt
concentration, the better the separation is carried out; but at the same time, the salt could
display some different behavior patterns—chaotropic or kosmotropic, depending on its
concentration [25].

During the desorption process, two different phases were formed, where the upper
phase consisted of the ILs (because their density is lower than that of water), some salt
ions, and ethanol traces; the bottom phase was represented by water, natural pigment,
some ions, and ethanol. Probably, the ions of the kosmotropic salt promoted an increase
in the packaging of the IL hydrophobic aliphatic chains (Van der Waals forces) [25], and
at the same time, pushed the betanin hydrophilic molecules to the phase with higher
density (water/ethanol), presenting the salting-out effect [26]. In addition, the ion–dipole
interactions formed between ions and water and H-bonds formed between water and
ethanol, exerting an effect on the separation process (Figure 6).

Figure 6. Formation of two phases during the desorption process using the kosmotropic salt.

The dissociation of ions of sodium acetate forces the formation of ion–dipole inter-
molecular bonds between pigment molecules and salt ions and, at the same time, forces the
H-bonds between water molecules and betanin hydroxyl groups. In contrast, the sodium
cation could exert a retardant effect on the formation of the transition and the breaking of
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H-bonds [27], and the synergistic action of the kosmotropic salt/biphasic system led to the
successful separation of betanin.

Finally, to confirm the integrity of the betanin molecular structure, a UV analysis
was carried out, where the three UV spectra were compared (Figure 7). As can be seen,
all the UV-Vis spectra present the characteristic peak of the betanin chromophore group
between 530 and 540 nm; in the case of the natural pigment (537 nm) and betanin spectra,
after recovery (539 nm), they present a minor bathochromic displacement (2 nm), which is
probably due to the interaction with ethanol (405 nm), but in general, the integrity of the
betanin molecular structure is confirmed.

Figure 7. The three UV-Vis spectra of betanin: commercial pigment—grey line, natural pigment (beet juice)—red line,
natural pigment after recovery—orange line.

3. Materials and Methods
3.1. General

Tributylamine (99%), trihexylamine (99%), trioctylamine (99%), dimethyl carbonate
(99%), adipic acid (99%), fumaric acid (99%), tartaric acid (99%), salicylic acid (99%),
hexanoic acid (99%), sodium acetate (99%), heptane (98%), ethanol (99%), and methanol
(99%) were purchased from Sigma Aldrich and used as received. Deionized water was
acquired from Laboratorio Ambiental CIITEC-IPN; commercial beetroot extract with 12%
of betanins (CBE) and beetroot were bought at a local market.

All the synthesized compounds were characterized by 1H and 13C NMR and infrared
(IR) and ultraviolet–visible (UV-Vis) spectroscopic techniques. IR/UV-Vis spectra were
recorded on a Thermo Scientific Nicolet 8700 spectrometer. 1H (300 MHz) and 13C NMR
(75.40 MHz) spectra were recorded on a JEOL Eclipse-300 in CDCl3, and chemical shifts
were expressed in ppm with tetramethylsilane as the internal standard.

3.2. IL synthesis and Characterization

The process was carried out in a Parr® 4848 (special design) reactor at 160 ◦C, where a
tertiary amine (tributylamine, trihexylamine, trioctylamine) reacted with dimethyl carbon-
ate with a 1:2 molar ratio using methanol as the reaction medium. The final products were
washed with 40 mL of heptane: a methanol mixture with 1:1 volumetric ratio to eliminate
the rest of the tertiary amine that did not react and generated sub-products. Then, the
anionic exchange was performed in 100 mL flasks by mixing equimolar quantities of the IL



Molecules 2021, 26, 5458 9 of 12

precursor and adipic, fumaric, tartaric, and salicylic acids, respectively; also using 40 mL of
ethanol as reaction medium and stirring at 40 ◦C for 30 min. In all the cases, the ILs were
dried under vacuum employing two pieces of equipment: first, a Rotavapor® Buchi R-215,
and second, a Vacío® EDV-A300. This process helped eliminate the remaining solvents.
The final ILs produced after the exchange process are reported in Table 1.

Tributylmethylammoniummethylcarbonate [TBMA]+[MCA]−: amber viscous liquid, 75%
yield.

FTIR/ATR (cm−1): 3218, 2961, 2869, 2667, 1644, 1461, 1369, 1286, 1069, 878, 744, 686.
1H NMR (301 MHz, CDCl3), δH (ppm): 1.00 (t, 9H, CH3), 1.44 (m, 6H, CH2), 1.67 (br, 6H,
CH2), 3.18 (s, 3H, CH3-N), 3.32 (br, 3H, CH2-N), 3.37 (s,6H, CH3-O). 13C NMR (76 MHz,
CDCl3) δC (ppm): 13.68 (CH3), 19.67 (CH2), 24.22 (CH2), 49.55 (CH3-N), 52.29 (CH2-N),
61.23 (CH3-O), 158.58 (C=O).

Trihexylmethylammoniummethylcarbonate [THMA]+[MCA]−: amber viscous liquid, 67%
yield.

FTIR/ATR (cm−1): 3402, 2937, 2860, 2653, 1620, 1466, 1379, 992, 828, 691. 1H NMR
(301 MHz, CDCl3) δH (ppm): 0.89 (t, 9H, CH3), 1.34 (br, 18H, CH2), 1.66 (br, 6H, CH2),
3.15 (s, 3H, CH3-N), 3.25 (br, 6H, CH2-N), 3.39 (s, 3H, CH3-O). 13C NMR (76 MHz, CDCl3)
δC (ppm): 13.95 (CH3), 22.15 (CH2), 22.41 (CH2), 25.89 (CH2), 31.22 (CH2), 48.95 (CH3-N),
57.21 (CH2-N), 61.35 (CH3-O), 160.47 (C=O).

Trioctylmethylammoniummethylcarbonate [TOMA]+[MCA]−: amber viscous liquid, 65%
yield.

FTIR/ATR (cm−1): 3225, 2924, 2854, 1659, 1464, 1278, 1073, 880, 720. 1H NMR (301
MHz, CDCl3) δH (ppm): 0.88 (t, 9H, CH3), 1.27 (br, 30H, CH2), 1.66 (br, 6H, CH2), 3.19 (s,
3H, CH3-N), 3.31 (br, 6H), 3.38 (s, 3H, CH3-O). 13C NMR (76 MHz, CDCl3) δC (ppm): 14.09
(CH3), 22.33 (CH2), 22.62 (CH2), 26.33 (CH2), 29.08 (CH2), 29.16 (CH2), 31.70 (CH2), 49.64
(CH3-N), 52.40 (CH2-N), 61.37 (CH3-O), 158.70 (C=O).

Trihexylmethylammoniumadipate [THMA]+[ADI]−: amber viscous liquid, 85% yield.
FTIR/ATR (cm−1): 3417, 2930, 2861, 2500, 1943, 1712, 1561, 1464, 1374, 1207, 880. 1H

NMR (301 MHz, CDCl3) δH (ppm): 0.89 (t, 9H, CH3), 1.33 (s, 18H, CH2), 1.61 (br, 10H,
CH2), 2.24 (t, 4H, CH2), 3.12 (s, 3H, CH3-N), 3.25 (br, 6H, CH2-N). 13C NMR (75 MHz,
CDCl3) δC (ppm): 13.93 (CH3), 22.17 (CH2), 22.41 (CH2), 25.68 (CH2), 25.93 (CH2), 31.21
(CH2), 36.18 (CH2), 48.86 (CH3-N), 61.44 (CH2-N), 178.37 (COO−).

Trioctylmethylammoniumadipate [TOMA]+[ADI]−: amber viscous liquid, 89% yield.
FTIR/ATR (cm−1): 3385, 2924, 2863, 1943, 2492, 1703, 1570, 1464, 1455, 1385, 1207,

880. 1H NMR (301 MHz, CDCl3) δH (ppm): 0.88 (t, 9H, CH3), 1.27 (br, 30H, CH2), 1.64
(br, 10H, CH2), 2.26 (t, 4H, CH2), 3.14 (s, 3H, CH3-N), 3.26 (br, 6H, CH2-N). 13C NMR (76
MHz, CDCl3) δC (ppm): 14.09 (CH3), 22.24 (CH2), 22.60 (CH2), 25.72 (CH2), 26.29 (CH2),
29.05 (CH2), 29.09 (CH2), 31.67 (CH2), 36.20 (CH2), 48.85 (CH3-N), 61.42 (CH2-N), 178.19
(COO−).

Trihexylmethylammoniumfumarate [THMA]+[FUM]−: amber viscous liquid, 84% yield.
FTIR/ATR (cm−1): 3412, 2933, 2863, 2474, 1888, 1703, 1464, 1374, 1242, 985. 1H NMR

(301 MHz, CDCl3) δH (ppm): 0.87 (t, 9H, CH3), 1.31 (s, 18H, CH2), 1.66 (br, 6H, CH2), 3.12
(s, 3H, CH3-N), 3.26 (br, 6H, CH2-N), 6.75 (s, 2H, CH=CH). 13C NMR (76 MHz, CDCl3)
δC (ppm): 13.79 (CH3), 21.98 (CH2), 22.21 (CH2), 25.72 (CH2), 30.98 (CH2), 48.52 (CH3-N),
61.33 (CH2-N), 135.33 (CH=CH), 169.65 (COO−).

Trioctylmethylammoniumfumarate [TOMA]+[FUM]−: amber viscous liquid, 86% yield.
FTIR/ATR (cm−1): 3368, 2924, 2854, 2500, 1906, 1703, 1570, 1464, 1374, 1242, 985. 1H

NMR (301 MHz, CDCl3) δH (ppm): 0.87 (t, 9H, CH3), 1.25 (br, 30H, CH2), 1.65 (br, 6H,
CH2), 3.15 (s, 3H, CH3-N), 3.27 (br, 6H, CH2-N), 6.77 (s, 2H, CH=CH). 13C NMR (76 MHz,
CDCl3) δC (ppm): 14.12 (CH3), 22.22 (CH2), 22.61 (CH2), 26.23 (CH2), 26.93 (CH2), 29.02
(CH2), 31.68 (CH2), 48.84 (CH3-N), 61.45 (CH2-N), 135.49 (CH=CH), 170.14 (COO−).

Trihexylmethylammoniumsalicylate [THMA]+[SAL]−: amber viscous liquid, 85% yield.
FTIR/ATR (cm−1): 3412, 2933, 2854, 1925, 1888, 1802, 1631, 1589, 1496, 1137, 1029,

762, 721. 1H NMR (301 MHz, CDCl3) δH (ppm): 0.85 (t, 9H, CH3), 1.22 (s, 18H, CH2), 1.50
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(br, 6H, CH2), 3.00 (s, 3H, CH3-N), 3.08 (br, 6H, CH2-N), 6.72 (t, 1H, -CH=), 6.81 (d, 1H,
-CH=), 7.23 (t, 1H, -CH=), 7.91 (d, 1H, -CH=). 13C NMR (76 MHz, CDCl3) δC (ppm): 13.87
(CH3), 22.15 (CH2), 22.36 (CH2), 25.83 (CH2), 31.13 (CH2), 48.60 (CH3-N), 61.52 (CH2-N),
116.36 (-CH=), 117.46 (-CH=), 119.25 (-C=), 130.65 (-CH=), 132.53 (-CH=), 162.13 (OH-CH=),
173.68 (COO−).

Trioctylmethylammoniumsalicylate [TOMA]+[SAL]−: amber viscous liquid, 88% yield.
FTIR/ATR (cm−1): 3403, 2924, 2854, 1925, 1897, 1802, 1631, 1587, 1494, 1137, 1021,

762, 721. 1H NMR (301 MHz, CDCl3) δH (ppm): 0.87 (t, 9H, CH3), 1.22 (s, 30H, CH2), 1.51
(br, 6H, CH2), 3.01 (s, 3H, CH3-N), 3.11 (br, 6H, CH2-N), 6.71 (t, 1H, (-CH=)), 6.81 (d, 1H,
(-CH=)), 7.22 (t, 1H, (-CH=)), 7.91 (d, 1H, (-CH=)). 13C NMR (76 MHz, CDCl3) δC (ppm):
14.05 (CH3), 22.19 (CH2), 22.56 (CH2), 26.15 (CH2), 26.85 (CH2), 28.97 (CH2), 31.60 (CH2),
48.51 (CH3-N), 61.42 (CH2-N), 116.27 (-CH=), 117.25 (-CH=), 119.57 (-C=), 130.59 (-CH=),
132.27 (CH=), 162.21 (OH-CH=), 173.69 (COO−).

Trihexylmethylammoniumtartarate [THMA]+[TAR]−: amber viscous liquid, 84% yield.
FTIR/ATR (cm−1): 3421, 2933, 2854, 2492, 1721, 1464, 1120, 1109, 889. 1H NMR (301

MHz, CDCl3) δH (ppm): 0.89 (t, 9H, CH3), 1.33 (s, 18H, CH2), 1.66 (br, 6H, CH2), 3.09 (s, 3H,
CH3-N), 3.23 (br, 6H, CH2-N), 4.28 (s, 2H, CH), 6.71 (br, 3H, C-OH). 13C NMR (76 MHz,
CDCl3) δC (ppm): 13.90 (CH3), 22.15 (CH2), 22.38 (CH2), 25.89 (CH2), 31.14 (CH2), 48.86
(CH3-N), 61.61 (CH2-N), 71.87 (C-OH), 175.54 (COO−).

Trioctylmethylammoniumtartarate [TOMA]+[TAR]−: amber viscous liquid, 87% yield.
FTIR/ATR (cm−1): 3412, 2933, 2854, 2500, 1721, 1470, 1119, 977, 880. 1H NMR (301

MHz, CDCl3) δH (ppm): 0.88 (t, 9H, CH3), 1.66 (d, 30H, CH2), 1.66 (br, 6H, CH2), 3.09 (s,
3H, CH3-N), 3.24 (br, 6H, CH2-N), 4.22 (s, 2H, CH), 6.53 (br, 3H, C-OH). 13C NMR (76 MHz,
CDCl3) δC (ppm): 14.09 (CH3), 22.22 (CH2), 22.59 (CH2), 26.25 (CH2), 26.79 (CH2), 29.00
(CH2), 31.63 (CH2), 48.83 (CH3-N), 61.65 (CH2-N), 71.65 (C-OH), 175.60 (COO−).

Tributylmethylammoniumhexanoate [TBMA]+[HEX]−: amber viscous liquid, 84% yield.
FTIR/ATR (cm−1): 3394, 2960, 2872, 1640, 1561, 1394, 1065, 897, 746. 1H NMR (301

MHz, MeOD) δH (ppm): 0.63 (t, 3H, CH3), 0.74 (t, 9H, CH3), 1.05 (br, 4H, CH2), 1.13 (m, 6H,
CH2), 1.32 (m, 2H, CH2), 1.42 (m, 6H, CH2), 1.88 (t, 2H, CH2), 2.75 (s, 3H, CH3), 3.00 (br, 6H,
CH2). 13C NMR (76 MHz, MeOD) δC (ppm): 14.00 (CH3), 14.13 (CH3), 18.68 (CH2), 20.85
(CH2), 21.97 (CH2), 25.28 (CH2), 29.87 (CH2), 58.45 (CH3), 62.68 (CH2), 161.15 (COO−).

3.3. Extraction Tests of Banin

This process was carried out mixing equimolar quantities of [TBMA]+[HEX]− and
another IL obtained after the anionic exchange. In the end, eight extraction IL complexes
were obtained and used in the first extraction tests. A 105 mg/L solution was prepared
using commercial betanins (12% of pigment), deionized water, and ascorbic acid adjusted at
0.10% (w/v) in the final solution (final pH 6). Quantities equivalent to 0.001 and 0.60 mmol
of extraction complexes were weighed in 4 mL jars; later, 3 mL of pigment solution was
added to each jar. The final system was stirred with a magnetic bar for 1 h at environment
pressure and temperature. After the stirring process, the remaining betanin were quantified
using Equation:

C f = DF

(
Abs − 0.0035

0.1154

)
which was performed by making a calibration curve at different concentrations of betanins
dissolved in water with 0.10% of ascorbic acid (pH 6).

The red beet root was chopped in small 5 mm cubes and frozen at −5 ◦C. Fifty grams
was weighed and mixed with a solution of ascorbic acid at 0.10% (w/v) in a porcelain
mortar.The cubes were crushed until obtaining a fine pulp, which was filtered using a
vacuum in order to collect the liquid extract in a flask. By the end of this process, 60 mL
of the extract was recovered and assessed by UV-Vis at 538 nm using same Equation,
mentioned before calculate the betalaine content in mg/L.
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3.4. Desorption Process

Once the aqueous phase was removed, the remaining organic phase was treated with
400 µL of ethanol and 700 µL of sodium acetate solution at specific concentrations: 5%,
10%, 15%, and 20% (w/v) were evaluated for optimization purposes. The sodium acetate
solution was enriched with 0.10% of ascorbic acid. The system was stirred for 2 min, and it
was later allowed to rest for 20 min to stabilize the phases.

4. Conclusions

The system consisting of ammonium ILs [TOMA]+[ADI]−/[TBMA]+[HEX]− was
capable of extracting betanin from an aqueous solution with yields above 70% for a com-
mercial pigment and 82% for a natural pigment from fresh beet juice. The best results of
the betanin extraction process were achieved using a multi-step recovery approach. In
addition, the distribution coefficient was calculated, where the best results were presented
at 30 mmol with 11 units. Finally, the desorption process was successfully carried out, using
kosmotropic salt (CH3COONa—20%), confirming the integrity of the recovered natural
pigment (betanin).

Supplementary Materials: The following are available online. Calculation of Extraction Tests of
Betanin, Calculation of Desorption Process, Partition coefficient (KIL’s/W) estimation.

Author Contributions: Conceptualization, I.V.L.; methodology, P.M.-G. and N.V.L.; validation,
P.M.-G. and I.V.L.; formal analysis N.V.L., E.Y.C.-M. and P.A.-L.; investigation, P.M.-G. and N.V.L.;
resources, O.O.-X.; writing—original draft preparation, P.M.-G. and I.V.L.; writing—review and
editing, I.V.L., P.M.-G., N.V.L. and O.O.-X.; visualization, E.Y.C.-M.; supervision, O.O.-X.; project
administration, I.V.L. and P.A.-L. All authors have read and agreed to the published version of the
manuscript.

Funding: This project received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All the data associated is contained within this article.

Acknowledgments: The authors would like to acknowledge the support provided by SIP IPN
(20210901).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rodrigues, R.D.P.; de Lima, P.F.; Santiago-Aguiar, R.S.; Rocha, M.V.P. Evaluation of protic ionic liquids as potential solvents for

the heating extraction of phycobiliproteins from Spirulina (Arthrospira) platensis. Algal Res. 2019, 38, 101391. [CrossRef]
2. Xu, J.-J.; Li, Q.; Cao, J.; Warner, E.; An, M.; Tan, Z.; Wang, S.-L.; Peng, L.-Q.; Liu, X.-G. Extraction and enrichment of natural

pigments from solid samples using ionic liquids and chitosan nanoparticles. J. Chromatogr. A 2016, 1463, 32–41. [CrossRef]
[PubMed]

3. Lima, Á.S.; Soares, C.M.F.; Paltram, R.; Halbwirth, H.; Bica, K. Extraction and consecutive purification of anthocyanins from
grape pomace using ionic liquid solutions. Fluid Phase Equilibria 2017, 451, 68–78. [CrossRef]

4. Oliveira, M.V.S.; Vidal, B.T.; Melo, C.M.; de Miranda, R.C.M.; Soares, C.M.F.; Coutinho, J.A.P.; Ventura, S.P.M.; Mattedi, S.; Lima,
Á.S. (Eco)toxicity and biodegradability of protic ionic liquids. Chemosphere 2016, 147, 460–466. [CrossRef]

5. Pham, T.P.; Cho, C.-W.; Yun, Y.-S. Environmental fate and toxicity of ionic liquids: A review. Water Res. 2010, 44, 352–372.
[CrossRef]

6. Toledo Hijo, A.A.C.; Maximo, G.J.; Costa, M.C.; Batista, E.A.C.; Meirelles, A.J.A. Applications of Ionic Liquids in the Food and
Bioproducts Industries. ACS Sustain. Chem. Eng. 2016, 4, 5347–5369. [CrossRef]

7. Stintzing, F.C.; Carle, R. Functional properties of anthocyanins and betalains in plants, food, and in human nutrition. Trends Food
Sci. Technol. 2004, 15, 19–38. [CrossRef]

8. Pasquet, V.; Chérouvrier, J.-R.; Farhat, F.; Thiéry, V.; Piot, J.-M.; Bérard, J.-B.; Kaas, R.; Serive, B.; Patrice, T.; Cadoret, J.-P.; et al.
Study on the microalgal pigments extraction process: Performance of microwave assisted extraction. Process Biochem. 2011, 46,
59–67. [CrossRef]

http://doi.org/10.1016/j.algal.2018.101391
http://doi.org/10.1016/j.chroma.2016.08.012
http://www.ncbi.nlm.nih.gov/pubmed/27515553
http://doi.org/10.1016/j.fluid.2017.08.006
http://doi.org/10.1016/j.chemosphere.2015.11.016
http://doi.org/10.1016/j.watres.2009.09.030
http://doi.org/10.1021/acssuschemeng.6b00560
http://doi.org/10.1016/j.tifs.2003.07.004
http://doi.org/10.1016/j.procbio.2010.07.009


Molecules 2021, 26, 5458 12 of 12

9. Zvitov, R.; Schwartz, A.; Zamski, E.; Nussinovitch, A. Direct Current Electrical Field Effects on Intact Plant Organs. Biotechnol.
Prog. 2003, 19, 965–971. [CrossRef]

10. Chalermchat, Y.; Fincan, M.; Dejmek, P. Pulsed electric field treatment for solid–liquid extraction of red beetroot pigment:
Mathematical modelling of mass transfer. J. Food Eng. 2004, 64, 229–236. [CrossRef]

11. López, N.; Puértolas, E.; Condón, S.; Raso, J.; Alvarez, I. Enhancement of the extraction of betanine from red beetroot by pulsed
electric fields. J. Food Eng. 2009, 90, 60–66. [CrossRef]

12. Nayak, C.A.; Chethana, S.; Rastogi, N.K.; Raghavarao, K.S.M.S. Enhanced mass transfer during solid–liquid extraction of
gamma-irradiated red beetroot. Radiat. Phys. Chem. 2006, 75, 173–178. [CrossRef]

13. Latorre, M.E.; Narvaiz, P.; Rojas, A.M.; Gerschenson, L.N. Effects of gamma irradiation on bio-chemical and physico-chemical
parameters of fresh-cut red beet (Beta vulgaris L. var. conditiva) root. J. Food Eng. 2010, 98, 178–191. [CrossRef]

14. Wiley, R.C.; Lee, Y.-N. Recovery of betalaines from red beets by a diffusion-extraction procedure. J. Food Sci. 1978, 43, 1056–1058.
[CrossRef]

15. Matyás, Z. Enterococcal L-tirosine decarboxylase (author’s transl). Ceskoslovenska Epidemiol. Mikrobiol. Imunol. 1977, 26, 89–94.
16. King, B.D.; Lassiter, J.W.; Neathery, M.W.; Miller, W.J.; Gentry, R.P. Manganese Retention in Rats Fed Different Diets and Chemical

Forms of Manganese. J. Anim. Sci. 1979, 49, 1235–1241. [CrossRef] [PubMed]
17. Lebeau, J.; Petit, T.; Fouillaud, M.; Dufossé, L.; Caro, Y. Aqueous Two-Phase System Extraction of Polyketide-Based Fungal

Pigments Using Ammonium- or Imidazolium-Based Ionic Liquids for Detection Purpose: A Case Study. J. Fungi 2020, 6, 375.
[CrossRef]

18. Rito-Palomares, M.; Benavides, J. Aqueous Two-Phase Systems for Bioprocess Development for the Recovery of Biological Products;
Springer: Monterrey, Mexico, 2017; ISBN 978-3-319-59309-8.

19. Ball, P.; Hallsworth, J.E. Water structure and chaotropicity: Their uses, abuses and biological implications. Phys. Chem. Chem.
Phys. 2015, 17, 8297–8305. [CrossRef] [PubMed]

20. Zhao, D.; Liao, Y.; Zhang, Z. Toxicity of Ionic Liquids. CLEAN—Soil Air Water 2007, 35, 42–48. [CrossRef]
21. Clare, B.; Sirwardana, A.; MacFarlane, D.R. Synthesis, Purification and Characterization of Ionic Liquids. Top. Curr. Chem. 2009,

1–40. [CrossRef]
22. Dalmau, M.E.; Eim, V.; Rosselló, C.; Cárcel, J.A.; Simal, S. Effects of convective drying and freeze-drying on the release of bioactive

compounds from beetroot during in vitro gastric digestion. Food Funct. 2019, 10, 3209–3223. [CrossRef] [PubMed]
23. Betageri, G.V.; Rogers, J.A. Thermodynamics of partitioning of β-blockers in the n-octanol- buffer and liposome systems. Int. J.

Pharm. 1987, 36, 165–173. [CrossRef]
24. Polturak, G.; Aharoni, A. “La Vie en Rose”: Biosynthesis, Sources, and Applications of Betalain Pigments. Mol. Plant 2019, 11,

7–22. [CrossRef] [PubMed]
25. Zangi, R.; Berne, B.J. Aggregation and Dispersion of Small Hydrophobic Particles in Aqueous Electrolyte Solutions. J. Phys. Chem.

B 2006, 110, 22736–22741. [CrossRef]
26. Fu, H.; Yang, S.-T.; Xiu, Z. Phase separation in a salting-out extraction system of ethanol–ammonium sulfate. Sep. Purif. Technol.

2015, 148, 32–37. [CrossRef]
27. Chaplin, M. Structure and Properties of Water in Its Various States; Wiley, London South Bank University: London, UK, 2019.

Available online: https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119300762.wsts0002. (accessed on 27 August 2021).

http://doi.org/10.1021/bp034022b
http://doi.org/10.1016/j.jfoodeng.2003.10.002
http://doi.org/10.1016/j.jfoodeng.2008.06.002
http://doi.org/10.1016/j.radphyschem.2005.03.015
http://doi.org/10.1016/j.jfoodeng.2009.12.024
http://doi.org/10.1111/j.1365-2621.1978.tb15231.x
http://doi.org/10.2527/jas1979.4951235x
http://www.ncbi.nlm.nih.gov/pubmed/541290
http://doi.org/10.3390/jof6040375
http://doi.org/10.1039/C4CP04564E
http://www.ncbi.nlm.nih.gov/pubmed/25628033
http://doi.org/10.1002/clen.200600015
http://doi.org/10.1007/128_2008_31
http://doi.org/10.1039/C8FO02421A
http://www.ncbi.nlm.nih.gov/pubmed/31044202
http://doi.org/10.1016/0378-5173(87)90152-9
http://doi.org/10.1016/j.molp.2017.10.008
http://www.ncbi.nlm.nih.gov/pubmed/29081360
http://doi.org/10.1021/jp064475+
http://doi.org/10.1016/j.seppur.2015.04.042
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119300762.wsts0002.

	Introduction 
	Results and Discussion 
	Synthesis of Ammonium-Based ILs 
	Selection of the Best IL System to Absorb the Molecular Structure of Betanin from an Aqueous Solution 
	Calculation of Distribution Coefficients in the Biphasic Systems (KIL's/W) 
	Aqueous-Based Biphasic System (ILs and Kosmotropic Salts) in the Desorption Process 

	Materials and Methods 
	General 
	IL synthesis and Characterization 
	Extraction Tests of Banin 
	Desorption Process 

	Conclusions 
	References

