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a b s t r a c t

In this work, lemon and onion biomasses commonly found in street markets are for the first time used to
develop a facile, fast and low-cost one-step microwave-assisted carbonization method for synthesis of
highly fluorescent carbon dots (CDs). The structure and optical properties of CDs were investigated by
TEM, XRD, XRF, UVeVis, FTIR, and fluorescence spectroscopy. CDs displayed satisfactory optical pro-
prieties, a high quantum yield of 23.6%, and excellent water solubility, and the particle size was 4.23
e8.22 nmwith an average diameter of 6.15 nm. An efficient fluorescent resonance energy transfer (FRET)
between the CDs and riboflavin was achieved with CDs acting as donor and riboflavin as acceptor. A
linear relationship between FRET and the riboflavin concentration from 0.10 to 3.0 mg/mL was observed,
allowing the development of an accurate and fast analytical method to determine this vitamin in
multivitamin/mineral supplements. Despite the potential interferences in these supplements, CDs were
selective for riboflavin under optimized conditions. A paired t-test at a 95% confidence level indicated no
statistically significant difference between the proposed and the reference methods. Recovery test
presented values ranged from 96.0% to 101.4%. The limit of detection and relative standard deviation
were estimated at 1.0 ng/mL and <2.6% (n¼ 3), respectively. CDs were successfully synthesized in a
domestic microwave oven (1450W, 6min), presenting satisfactory parameters when compared with
results of other studies reported in the literature, suggesting that the proposed method is a potentially
useful method for the synthesis of CDs and determination of riboflavin.
© 2019 Xi'an Jiaotong University. Production and hosting by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

There is a promising interest in technological research involving
the replacement of photoluminescent organic dyes by semi-
conductor or carbon nanomaterials [1]. These studies aim at the
development of innovative analytical technologies, based on their
optical properties with applications to several areas of knowledge,
such as biology, physics, and chemistry. Fluorescent carbon dots
(CDs) are promising for this purpose, when compared to their direct
competitors, semiconductor quantum dots (QDs) [2,3]. CDs have
already been recognized as being less cytotoxic, highly biocom-
patible, as well as presenting less complex aqueous synthesis
routes and a high fluorescence quantum yield (QY) [1,4e9].
University.
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CDs doped with heteroatoms, especially N and S, provide an
efficient method to enhance their fluorescent properties including
high QY, and to tune their electronic and chemical properties
[7,10e17]. For instance, Wang et al. [14] employed citric acid and
cysteine to fabricate CDs with a quantum yield of 42.7% using a
hydrothermal treatment. Duan et al. [7] used ethylenediamine as
the carbon source and sulfamic acid as the surface passivation
agent to prepare CDs with a QY of 28%. As another example, Chen
et al. [17] employed hydrothermal treatment of garlic to prepare
CDs with a QY of 13%, suggesting this could be an alternative for
sources of carbon and surface passivation agents with heteroatoms.

Nowadays, many efforts have been made on the development of
new strategies for synthesis and doping of CDs. Different physical
and chemical methods, such as hydrothermal treatment, laser
ablation, electrochemical oxidation andmicrowave treatment, have
been presented in the literature [4e7]. In general, the hydrothermal
approach has been employed in many studies for CDs synthesis
is an open access article under the CC BY-NC-ND license (http://creativecommons.

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:laqa@quimica.ufpb.br
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpha.2019.02.003&domain=pdf
www.sciencedirect.com/science/journal/20951779
www.elsevier.com/locate/jpa
https://doi.org/10.1016/j.jpha.2019.02.003
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jpha.2019.02.003
https://doi.org/10.1016/j.jpha.2019.02.003


S.S. Monte-Filho et al. / Journal of Pharmaceutical Analysis 9 (2019) 209e216210
using various natural resources, such as leaves, fruits, grains, seeds,
and even beverages such as beer, coffee, milk, and tea [1,8,9].

Other innovative research has been on the facile and rapid mi-
crowave treatment approach for the preparation of CDs from
different precursors, such as hydrocarbons, carboxylic acids, esters,
and biomass residues [1,7,8]. Microwave-assisted synthesis pro-
vides benefits such as simplicity, low-cost and a short reaction time
thus avoiding traditional harsh conditions such as strong acids,
high temperatures, and long reaction times [1].

Riboflavin, commonly known as vitamin B2, is one of the water-
soluble vitamins that play a crucial role in functioning healthy
humans. It is also required for a wide variety of cellular processes,
such as metabolism of fats, ketone bodies, carbohydrates, proteins,
nucleic acid repair process, cell apoptosis and electron transfer
processes in the respiratory chain [14,18]. Although riboflavin is
found in many foods, such as milk and dairy products, meat, eggs,
livers, cereals and fresh leafy vegetables [18], diets lacking this
vitamin cause lesions of the muco-cutaneous surfaces, intense
photophobia, fatigue, slowed growth, digestive problems, angular
cheilitis and anemia [14,18]. Regular daily intake of vitamin B2 is
important because it is not synthesized and stored in human body
in appreciable amounts [19]. During pregnancy, lactation, stress
and heavy exercise, and particularly for elderly people, alcoholics
and those with absorption difficulties, an increase in recommended
daily intake of riboflavin (1.1mg for men and 1.3mg for women) is
suggested [19].

If a balanced diet by foods does not provide sufficient amounts
of vitamin B2, commercial multivitamin/mineral supplements
containing this vitamin may be alternative. However, riboflavin is
usually a part of the multinutrient formulation and an accurate and
fast analytical method for determination of riboflavin in these
samples is of crucial importance for assessment of compliance with
the recommendations for daily riboflavin intake.

Conventional methods used for the riboflavin determination in
drugs, foods, and supplements, such as electrochemistry [18],
spectrophotometry [14,20], immunoassay [21], capillary electro-
phoresis [22] and high-performance liquid chromatography
[23,24], require costly solvents, high-cost equipment, and compli-
cated or time-consuming sample preparations [20]. In contrast, the
fluorescent method is favored by many, given the method's ad-
vantages including on-site testing, faster response, greater
simplicity, lower cost and higher sensitivity [14,20].

In the present study, lemon and onion juices were used for the
first time to develop a simple, rapid, low-cost and one-step micro-
wave-assisted carbonization method for synthesis of highly fluo-
rescent CDs in a domestic microwave oven (1450W) without
further surface passivation or modification. Lemon (Citrus limon)
was chosen because it is a rich source of citric (6% m/m) and L-
ascorbic acids (64%, m/m) [25] and both acids have been used as
carbon precursors in the preparation of carbon dots [15,26]; onion is
an important source of sulfur compounds [27,28]; and ammonium
hydroxide has been used as an N-dopant agent in the synthesis of
CDs [15]. Transmission electron microscopy (TEM), X-ray diffraction
(XRD), X-ray fluorescent (XRF), UVeVis, Fourier-transform infrared
(FTIR), and fluorescence spectroscopy were used to evaluate the
structure and optical properties of the CDs. After studying their
optical properties, the detection capabilities were further exploited
in order to develop an analytical method for the determination of
riboflavin in commercial multivitamin/mineral supplements.

2. Experimental

2.1. Chemicals and materials

All reagents were of analytical grade and freshly distilled and
deionized water (18.2MU cm) was used to prepare all solutions.
For the synthesis of the fluorescent CDs, the onion and lemon

were purchased from a local supermarket in Jo~ao Pessoa, Paraíba,
Brazil and ammonium hydroxide was purchased from Sigma-
Aldrich, Brazil.

The quinine sulfate purchased from Acros, USA was used as a
standard for QY measurements.

A riboflavin stock solution (100.0mg/L) was prepared daily by
dissolution of solid standard (Sigma-Aldrich, Brazil) in deionized
water. The standard solutions of riboflavin (0.10e3.0 mg/mL) used to
build the analytical curve were prepared in deionized water from
adequate dilutions of stock solution.

A pH 6.9 phosphate buffer solution composed of 0.10mol/L
potassium dihydrogen phosphate heptahydrate (Synth, Brazil) and
0.10mol/L sodium hydroxide (Synth, Brazil) was used to build the
analytical curve and analysis of samples.

For study of potentially interfering substances in the multivi-
tamin/mineral supplements, chlorides of Zn2þ and Fe3þ, sulfate of
Cu2þ, Fe2þ, and Mg2þ, nitrates of Ca2þ, Naþ, and Kþ, ascorbic acid,
citric acid, sucrose, D-glucose, fructose, cyanocobalamin, biotin,
niacin, thiamin, folic acid, pantothenic acid, and sodium hydroxide
were used, purchased from Sigma-Aldrich, Brazil.

2.2. Apparatus

The fluorescence measurements were carried out in a Cary
Eclipse fluorescence spectrophotometer (Agilent, model G9800A,
USA) equipped with a 1.0 cm� 0.5 cm quartz cell, and with slit
widths set at 10/10 nm. The absorption spectra were obtained on a
UVeVis spectrophotometer (Hewlett-Packard, model 8453, USA).
FTIR spectra were recorded by FTIR spectrophotometer (Shimadzu,
model IR Prestige-21, Japan). XRD patterns were investigated using
powdered samples by X-ray diffraction (Shimadzu, model XRD
6000, Japan). Chemical composition analysis of CDs was performed
using an XRF spectrometer (Shimadzu, XRF-1800, Japan). Mor-
phologies and sizes were characterized using JEM-2100 TEM (JEOL,
Japan), operating at 200 kV. For the TEM measurement, the sample
was prepared by dropping diluted CDs solution on a carbon-coated
copper grid.

The synthesis of the CDs was performed in a domestic micro-
wave oven (Brastemp, model BMS45BBBNA 1450W 2460MHz,
Brazil). Separation of the solid phase produced in the synthesis was
obtained by centrifugation (HERMLE, model Z206A, Germany).

2.3. Synthesis of highly fluorescent CDs

The fluorescent CDs were synthesized by a facile, rapid and one-
step microwave-assisted carbonization method (Fig. 1).

In a typical synthesis, 20.0mL of pulp-free lemon juice and
2.0mL of pulp-free onion juice were mixed with 8.0mL of deion-
ized water and 10.0mL of 25% (v/v) ammonium hydroxide solution.
The mixture was transferred into a 250mL erlenmeyer flask and
heated using a domestic microwave oven (power¼ 1450W) for
6min. After cooling to room temperature, the brownish black solid
was dispersed in 100mL deionized water. Then, the mixture was
centrifuged at 6000 rpm for 30min and dialyzed against deionized
water through a dialysis tubing (MWCO¼ 1 kDa) for 24 h to remove
all un-reactedmolecules. CDs powderwas obtained by evaporation,
re-dispersed in deionized water and stored at 4 �C for further use.

2.4. QY of CDs

The measurement of the QY of CDs was achieved by linearizing
integrated fluorescence intensities (excitation at 380 nm) of CDs
and of the fluorescence reference standard versus their



Fig. 1. Scheme of the CDs synthesis from lemon and onion juices.
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corresponding absorbance [11]. In order to minimize the inner filter
effects, absorbencies were kept below 0.05 at the excitation
wavelength [29,30]. QY was then calculated by QY¼QYr (Grad/
Gradr) (h/hr)2, where Grad is the slope of the curve, h is the
refractive index of the solvent (1.33 for water), and subscript “r”
refers to the fluorescence reference standard quinine sulfate in
0.1mol/L H2SO4 (QYr¼ 0.54) [11].

2.5. Sample preparation

Nine commercially-available samples from three different
brands of multivitamin/mineral supplements were purchased from
local retail suppliers in Jo~ao Pessoa, Paraíba, Brazil. These samples
were prepared for analysis according to the following procedure
described elsewhere [18,23]: five tablets of each sample were
weighed and powdered in a grinding mortar, and were dissolved in
50mL of deionized water and sonicated for 15min. After, the
sample solution was filtered to remove undissolved residue, and
diluted with deionized water to the required concentration of
riboflavin.

2.6. Fluorescence determination of riboflavin

For determination of riboflavin, CDswere dispersed in deionized
water in a concentration of 657.3mg/L. For the typical assay, 300 mL
of CDs dispersion, and 250 mL of pH 6.9 phosphate buffer solution
were added to a 2mL tube. After that, riboflavin standard solutions
or samplewere added, and the volume in the tubewas topped up to
2.0mL with deionized water. The concentration of CDs in the
mixture was kept at 98.6mg/L and the concentration of riboflavin
varied from 0.10 to 3.0 mg/mL. After incubation for 1min at room
temperature, the fluorescence intensity was recorded at 440 nm
with an excitation wavelength of 380 nm.
Fig. 2. Quantum yield as a function of (A) volumetric ratios of
2.7. Reference method

The reference method for determination of riboflavin in multi-
vitamin/mineral supplements was carried out according to AOAC
method using high-performance liquid chromatography with
diode-array detection [23].

3. Results and discussion

3.1. Optimization of the CDs synthesis

Initially, the volumetric ratio of lemon and onion juices was
investigated by fixing the volumes of 25% (v/v) ammonium hy-
droxide solution in 10mL and of deionized water in 8mL. In all
synthesis experiments, the total volume of the mixture, microwave
irradiation time and power were also fixed at 40mL, 6min and
1450W, respectively. As shown in Fig. 2A, the highest QY value of
the synthesized CDswas obtained using a volumetric ratio 20:2, i.e.,
20mL of lemon juice, 2mL of onion juice, and 10mL of ammonium
hydroxide solution. This QY (23.6%) is quite satisfactory when
compared to other studies in the literature that used biomass for
the synthesis of CDs [15]. In addition, this volumetric ratiowas used
to investigate microwave radiation time, keeping the same radia-
tion power and volume of ammonium hydroxide solution. As can
be seen in Fig. 2B, 6min was the optimum time for CDs synthesis.

3.2. Characterization of CDs

The surface functional groups of CDs obtained from different
precursors were identified by FTIR spectroscopy. As shown in
Fig. 3A, the peaks at 3400, 3200 and 3050 cm�1 were attributed to
stretching vibrations of OeH, NeH, and CeH, respectively [31]. The
peaks in the region of 1575e1700 cm�1 represented stretching
lemon and onion juices and (B) microwave radiation time.



Table 1
Chemical composition of CDs determined by the Kjeldahl method for N and by XRF
analysis for the other elements.

Element Weight (%)

C 85.22
N 8.83
O 4.80
S 0.33
Others (Cl, K, Si, P, Ca and Fe) 0.82
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vibration of C]O, C]N, and bending vibration of NeH [16]. Be-
sides, the peaks in the range of 1390e1490 cm�1 can be ascribed to
NeH, CeN, and COO� groups [13]. In addition, the peaks at about
1300, 1190 and 1080 cm�1 can be ascribed to the stretching vibra-
tion of C]S, CeS and eSO3

�, suggesting the existence of sulfonic
groups [12,13,32]. The FTIR spectra demonstrate the successful
incorporation of the plentiful amino group, hydroxyl, and sulfite on
the surfaces of CDs, conferring high polarity and water solubility of
the CDs [12].

The XRD pattern of CDs (Fig. 3B) shows a low-intensity reflec-
tion centered at 20�, which corresponds to amorphous carbon
phase in a considerably random fashion. The morphology and size
of prepared CDs were observed by TEM. The TEM image (Fig. 3C)
shows that CDs are nearly spherical and exhibit uniform dispersion.
Fig. 3. (A) FTIR spectrum, (B) XRD pattern, (C) TEM image and (D) the particle size distributio
recorded at different excitation wavelengths, from 290 to 400 nm with 10 nm increments.
same CDs solution.
Fig. 3D shows that CDs presented a size range of 4.23e8.22 nmwith
an average diameter of 6.15 nm.

The optical properties of the synthesized CDs solution (32mg/L)
in pH 6.9 phosphate buffer are presented in Figs. 3E and F. CDs
n of CDs. (E) Emission spectra of the CDs solution (32mg/L) in pH 6.9 phosphate buffer
(F) UVeVis absorption, excitation and emission spectra and photographs (inset) of the



Fig. 4. (A) The integral overlap region (i), the riboflavin absorption (ii) and the CDs
emission (iii) spectra. (B) Fluorescence spectra of CDs in the presence of different
amounts of riboflavin, lex¼ 380 nm. (C) The efficiency of the FRET process as a function
of the riboflavin concentration with the excitation wavelength of the CDs/riboflavin
varying from 340 to 400 nm.

Fig. 5. FRET efficiency as a function of (A) pH, (B) concentration of CDs, and (C) po-
tential interfering substances (100 mg/mL).
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solution exhibited excitation-dependent emission behavior
(Fig. 3E) similar to that reported in previous literature [15,20],
which may be associated with the surface states affecting the band
gap. As the excitation wavelength increased from 290 to 400 nm
(with 10 nm increment), the emission gradually shifted to higher
wavelengths and the most intense emission could be observed
upon excitation at 340 nm.

The UVeVis absorption spectrum (Fig. 3F) exhibits a shoulder at
280 nm which could be attributed to the pep* transition of the
aromatic sp2 domains, and absorption broad peak at 340 nmwhich
could be ascribed to the n�p* transition of the C]O bond [10,33].
The fluorescence spectra show that CDs have excitation and



Table 2
Results for determination of riboflavin concentration in multivitamin/mineral
supplements.

Sample Proposed method
(mg/mL± SD)

Reference method
(mg/mL± SD)

1 0.567± 0.003 0.559± 0.017
2 0.565± 0.015 0.558± 0.014
3 0.364± 0.009 0.322± 0.003
4 1.112± 0.019 1.041± 0.012
5 0.901± 0.017 0.994± 0.009
6 0.839± 0.010 0.927± 0.016
7 0.414± 0.007 0.412± 0.015
8 0.459± 0.004 0.447± 0.007
9 0.443± 0.003 0.445± 0.005
Overall RSD (%) 1.5 1.8

SD: standard deviation of three replicates.
RSD: relative standard deviation.

Table 3
Recoveries for determination of riboflavin concentration in multivitamin/mineral
supplements.

Spiked values (mg/mL) Recovery (%± SD)

Sample 1 Sample 2 Sample 3

0.25 98.2± 1.1 99.1± 0.2 101.4± 1.1
0.50 98.3± 0.9 99.3± 0.2 96.0± 0.4
1.0 100.0± 0.5 96.3± 1.3 98.8± 1.1
Overall RSD (%) 0.8 0.6 0.9

SD: standard deviation of three replicates.
RSD: relative standard deviation.
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emission peaks at 340 nm (red line in Fig. 3F) and at 425 nm (blue
line in Fig. 3F) and exhibit a yellow color in daylight and a bright-
blue color under UV light at 365 nm (see inset, Fig. 3F).

The chemical composition of CDs was determined by the
Kjeldahl method for N [34] and by XRF analysis for the other el-
ements. As can be seen in Table 1, C, N, O, and S were found as
major elements, while others were in minority amounts. Similar
chemical composition has been usually found on CDs as discussed
elsewhere [16].

3.3. CDs/riboflavin FRET sensing system

In order to demonstrate the feasibility of CDs/riboflavin FRET
(fluorescent resonance energy transfer) sensing system for the
detection of riboflavin, the fluorescence and absorption spectra of
CDs, riboflavin and CDs/riboflavin were investigated.

Fig. 4A shows an evident integral overlap region (Fig. 4Ai), be-
tween the absorption spectrum of riboflavin (Fig. 4Aii) and the
emission spectrum of CDs excited at 380 nm (Fig. 4Aiii), indicating
the possibility of a FRET process from the donor (CDs) and the
acceptor (riboflavin). The presence of >C]O and eNH groups in
riboflavin has a strong attraction to hydroxyl and carboxyl groups
on the surface of CDs to form hydrogen bonds and to decrease the
spatial distance between CDs and riboflavin that successfully assists
the CDs/riboflavin to act as an effective FRET pair [14,20].

To evaluate better the FRET quenching, the interaction distance
between CDs and riboflavin was calculated using the F€orster dis-
tance described elsewhere [20,34]. The F€orster distance between
CDs (donor) e riboflavin (acceptor) pair was estimated at 5.89 nm,
which is much below the maximum distance (~10 nm) between a
donor and an acceptor required for the FRET process indicating
efficient energy transfer [35].

The emission intensity of CDs at 440 nm gradually decreases
with enhancing of the riboflavin concentration, whereas the
emission intensity of riboflavin at 520 nm increases, as presented in
Fig. 4B. It is to be observed that the emission peak at 520 nm is due
to riboflavin, which increases because of the increased concentra-
tion of the chromophore [35]. Given this, the capability of this
system to detect riboflavin was then evaluated using the efficiency
of the FRET process calculated by EFRET¼ [(F0eF)/F0]� 100 (where F
and F0 represent the fluorescence intensity at 440 nm of CDs in
presence and absence of the riboflavin, respectively) [13].

A gradual increase of EFRET from CDs with the addition of ribo-
flavin can be observed in Fig. 4C, similar to other studies in the
literature [14,20,35e37]. Although the optimal excitation for CDs is
340 nm (Fig. 3E), the excitation wavelength of the CDs/riboflavin
varied from 340 to 400 nm (with increments of 20 nm) in order to
find the highest sensitivity of the relationship between FRET effi-
ciency and riboflavin concentration. As can be seen in Fig. 4C, the
highest sensitivity was obtained using the excitationwavelength of
380 nm. Therefore, CDs synthetized from lemon and onion juices
can successfully be used for the riboflavin determination.

3.4. Analytical application

The usefulness of CDs from lemon and onion juices was inves-
tigated in the development of an analytical method to determine
riboflavin in multivitamin/mineral supplements. Initially, the in-
fluence of the pH and CDs concentration on the FRET efficiency was
studied by fixing the concentration of riboflavin at 2.0 mg/mL. For
this purpose, pH and CDs concentration used ranged from 3.0 to 8.0
(Fig. 5A) and 59.2e115.0mg/L (Fig. 5B). The highest FRET values
were obtained using a pH 6.9 and 98.6mg/L of CDs.

The selectivity of the proposed method using CDs for the
determination of riboflavin in multivitamin/mineral supplements
was also investigated. For this purpose, potential interfering sub-
stances [18], including folic, citric, L-ascorbic and pantothenic acid,
biotin, cyanocobalamin, niacin, thiamin, sucrose, D-glucose, fruc-
tose, Cu2þ, Zn2þ, Fe2þ, Fe3þ, Mg2þ, Ca2þ, Naþ, and Kþ in a ratio
interferents/riboflavin 100:1.0 mg/mL were analyzed. A compound
was considered “non-interfering” if the change of fluorescence in-
tensity was ±5% as compared to that obtained in its absence [18]. As
presented in Fig. 5C, the interferents studied did not show a sig-
nificant change in the analytical response, indicating that the pro-
posed method was selective under the selected experimental
conditions.

An analytical curve was then built in the riboflavin concentra-
tion ranging from 0.10 to 3.0 mg/mL. An analysis of variance
(ANOVA) was performed according to recommendations described
elsewhere [38] to evaluate the fit for a linear model of the analytical
curve. For this purpose, three authentic replicate measurements
were made at each concentration level of the analytical curve. The
estimated mean squares (MS) ratios of MSlack of fit/MSpure error and
MSregression/MSresidual were respectively lower and higher than the
F-distribution point at the 95% confidence level and the corre-
sponding degrees of freedom. In addition, a random distribution of
the residuals around zero and no heteroscedasticity were observed
in the analysis of the residual plot. Therefore, no lack of fit evidence
for the linear model was observed, and the linear regression was
significant. Similar results were also obtained in the ANOVA of the
analytical curve of reference method.

The analytical curves were then used to determine the con-
centration of riboflavin in nine commercial samples from three
different brands of multivitamin/mineral supplements, using both
the proposed and reference methods [23]. As shown in Table 2, no
statistically significant differences were observed between the re-
sults at a confidence level of 95% when applying the paired t-test.
The relative standard deviation (RSD %) was less than 2.6% (n¼ 3).
The values found for correlation coefficient, limits of detection
(LOD), limit of quantification (LOQ) and sensitivity of the proposed



Table 4
Parameters of the proposed and previous carbon dots-based methods for determination of riboflavin.

Precursor Synthesis method Type of
modification

Quantum
yield (%)

Synthesis conditions Working range
(mg/mL)

LOD (ng/
mL)

Ref.

Citric acid; L-cysteine Hydrothermal N and S 42.7 Heated at 200 �C for 3 h 0.211e2.80 0.7 [14]
Poly (vinyl alcohol) NaOH assisted

oxidation
e 8.5 Refluxed in a pre-heated oil bath at 120 �C

for 5 h
0.048e0.903 0.44 [20]

Urea and sodium citrate Hydrothermal N e Heated at 180 �C for 1 h 0.017e1.121 0.33 [36]
Sugar beet molasses Homogenization e e Dissolved in water and mixed until a

homogeneous solution
4.8e37.6 e [37]

Ammonium hydroxide and lemon
and onion juices

Microwave N and S 23.6 Microwave irradiation time for 6min 0.10e3.0 1.0 This
work
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method were 0.9979, 1.0 ng/mL, 0.003 mg/mL, and 8.3279,
respectively.

Besides the comparison with the reference method, the use of a
recovery test is another means of assessing the accuracy of the
proposed method. Thus, the recoveries were investigated using
three different multivitamin/mineral supplements, which were
spiked at three different levels. Satisfactory recovery values were
obtained for three analyzed samples as can observed in Table 3.

In general, the proposed method presents satisfactory parame-
ters when compared to other reported methods which use CDs for
riboflavin quantification [14,20,36,37], as shown in Table 4. The CDs
were synthetized using very simple biomasses (lemon and onion
juices) and a facile, fast and low-cost one-step microwave-assisted
carbonization method in a domestic microwave oven.

4. Conclusion

The present study presents for the first time the use of lemon
and onion biomasses easily found in public markets to develop a
simple, economic and fast method for synthesis of CDs. The CDs
were successfully synthesized by a one-step carbonization method
using a domestic microwave oven, and characterized by TEM, XRD,
UVeVis, FTIR, and fluorescence spectroscopy. CDs exhibited exce-
lent water solubility, high QY of 23.6% and a good linear relation-
ship between FRET and the riboflavin concentration from 0.10 to
3.0 mg/mL. Thus, an analytical method was successfully developed
to determine this vitamin in commercial multivitamin/mineral
supplements. Therefore, the proposedmethods for synthesis of CDs
and riboflavin quantification presented satisfactory parameters
when compared with other reported methods [14,20,36,37], indi-
cating that it may be used for the determination of this vitamin.
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