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Indigo carmine dye is one of the most widely used dyes in various fields. In this study, the ethanolic extract of
red dragon fruit peel (Ex-RDFP) was employed as a green fluorescence probe for measuring the synthetic
dye indigo carmine. At a fluorescence excitation of 290.5 nm, the Ex-RDFP exhibits a fluorescence emission
band at 341.5 nm. Meanwhile, the indigo carmine dye possesses an absorption spectrum at a maximum
peak of 290 nm. Consequently, the fluorescence intensity of the Ex-RDFP was reduced upon the
addition of indigo carmine solution due to the inner filter effect mechanism. This quenching in the
fluorescence intensity of Ex-RDFP was substantially associated with the indigo carmine concentration at
a linear scale of 1.0-7.0 pg mL™ (2 = 0.9993). Furthermore, the limit of detection and the limit of
quantitation of the method were found to be 0.209 pg mL™* and 0.635 ug mL?, respectively. The
optimal analytical conditions, such as solvent used for dilution, pH, reaction time, volume of the reagent,
and temperature, were examined and carefully studied. In addition, the proposed method was
successfully applied to detect indigo carmine dye in various natural syrup samples, including lemon
syrup, apple syrup, cantaloupe syrup, pineapple syrup, and guava syrup, with acceptable recovery values.
The method's beneficial sustainability footprint was found by using an extensive greenness analysis that
incorporated the modified National Environmental Methods Index (NEMI), the complex Green Analytical
Procedure Index (GAPI), and the Analytical Greenness Calculator (AGREE) prep algorithms. In addition,
“whiteness” and “blueness” were also assessed with the newly released (Red Green Blue 12) RGB12 and
Blue Applicability Grade Index (BAGI) computational methods, emphasizing the benefit of the proposed
method in terms of analytical efficiency, sustainability, and economy. The suggested technique is the
answer to the worldwide popularity of ecologically conscious solutions by providing a green-and-white
substitute for traditional techniques and advancing towards creating more sustainable quality control
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(C16HgN,Na,04S,), with four aromatic rings and two sulfonated
groups (Fig. S1at).! Indigo carmine is not only one of the most
extensively used synthetic dyes, but it is also naturally obtained
from the Indigofera tinctoria plant.” Indigo carmine finds wide-
spread applications in a variety of industries, including the food

1 Introduction

Indigo carmine dye, an acid blue dye, is an organic compound
with the name of 5,5-indigo disulfonic acid sodium salt

and pharmaceutical industries, as well as in the textile, paper,
leather, plastics, and cosmetics industries.> It is also employed
as a microscopic stain and in medical diagnostics, in biological
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applications and as a photometric detector and redox indicator
in chemical experiments.">'*"* Since 1975, researchers have
conducted research on the harmful impacts of food coloring
agents, specifically focusing on indigo carmine.” This particular
coloring has been found to be associated with various diseases,
including allergies, asthma, hypersensitivity, migraines, repro-
ductive problems, certain types of central tumors, and long-
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lasting damage to the cornea, as well as in irritations of the eyes
and skin.” Due to its detrimental impacts on human health, the
recommended daily consumption is 0-5 mg kg~" of the body
weight of the individual.»** In light of the harmful health effects
associated with synthetic food dyes, it is critical to ascertain the
concentrations of the additives present in foods and to monitor
their usage.™

Spectrofluorometry is a low-cost and easy-to-use technique
that is largely utilized in analytical laboratories and research. The
substantial interest in this analytical approach can be succinctly
summarized by emphasizing the benefits that fluorescence
spectroscopy provides: (a) it exhibits an exceptionally high level of
sensitivity, even in complex matrices, allowing for the detection
of single molecules under particular conditions; (b) it can
exhibiting a linear response in a wide variety of analyte concen-
tration ranges; (c) it exhibits an exceptional degree of versatility."*

Green analytical chemistry techniques are receiving more and
more consideration for advancing sustainability in analytical
laboratories. To achieve the intended objectives of green analyt-
ical chemistry, minimizing the size of the laboratory equipment
and substituting chemical reagents with more sustainable ones
will be necessary. The red dragon fruit, sometimes called the red
pitaya, is a colored fruit because it contains specific compounds
known as betalains® that include two subgroups called betax-
anthins and betacyanins (Fig. S1b and cf).'*"” Approximately
30% of the overall fruit weight is attributed to its peel. Never-
theless, the peel is currently considered as waste and is disposed
of during industrial processing.'® Considering this and aligning
with global politics, it is imperative to revitalize underutilized
resources, namely bio-residues lacking any significant purpose,
while prioritizing circular economy and sustainability. This
approach will foster socio-economic development and mitigate
environmental harm."®

However, many widely used analytical methods depart from
sustainable chemistry principles, because they use hazardous
solvents, complex multi-step treatments, expensive equipment,
and large numbers of buildings, which pose significant hazards
to human health, the ecosystem, and the nation's financial
stability. The immediate requirement to deal with these
unsustainable habits necessitates the creation of creative
analytical techniques that adhere to the principles of the newly
developing specialties of white analytical chemistry (WAC) and
green analytical chemistry (GAC)."? In addition, the betalain
pigments possess a native fluorescence activity as an inherent
characteristic.***

The current study aims to extract the red dragon fruit peel
using an eco-friendly green solvent, explore its fluorescence
characteristics, and then use the extract as an environmentally
friendly fluorescence probe for developing an analytical method
to detect indigo carmine dye. In addition, the study will extend
to the optimization of different analytical conditions for
detecting the indigo carmine dye. Furthermore, the study will
extend to the validation of the proposed method regarding
repeatability and intermediate precisions, linear range, detec-
tion and quantitation limits, and a selectivity study. Moreover,
the study aims to detect the quantity of indigo carmine in
various food samples using the proposed method. Finally, the

© 2024 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

work's greenness and sustainability will be evaluated using
various tools.

2 Experimental process

2.1. Materials and reagents

The red dragon fruit was obtained from a local fruit and vege-
table market in Assiut City, Egypt. Indigo carmine was manu-
factured by E. Merck, Darmstadt, Germany. Ethanol, sucrose,
glucose, lactose, methanol, maltose, citric acid, ascorbic acid,
magnesium chloride, calcium chloride, sodium chloride,
potassium chloride, and sodium nitrate were purchased from
the EI-Gomhouria Company, Assiut, Egypt, and produced by El-
Nasr Company, Cairo, Egypt. A 100 mL calibrated flask was used
to make a stock solution of indigo carmine dye (200 ug mL ") by
dissolving 20.0 mg of the powder in 100 mL of pure water. The
pH value of the environment was adjusted and regulated by
adding Teorell and Stenhagen buffer.

2.2. Preparation and extraction of red dragon fruit peel

Fresh red pitaya fruits were carefully cleaned to remove any dirt,
and then washed, and manually peeled. A weight equal to 80 g
of the fruit peel was sliced, mixed, and blended in a mixer with
150 mL of absolute ethyl alcohol. The contents were transferred
into a beaker, and the beaker was warmed in a water bath at 55 ©
C for 5 h. Then, the mixture was filtered through filter paper,
and the resulting solution was additionally filtered through
a filter membrane of 0.45 pm.

2.3. Instrumentation

A spectrofluorometer (Scinco Co., Korea) supplied with a 150 W
Xe arc lamp and FluoroMaster Plus software was used in this
study. A UV/vis spectrophotometer, (Optizen POP, Mecasys Co.
Ltd, Korea) was also used. A pH meter (Jenway 350, Keison
Products) was utilized in order to observe and track the neces-
sary pH of the environment.

2.4. Procedures for detection of indigo carmine by Ex-RDFP

Various concentrations of the indigo carmine standard solution
ranging from 10 to 70 pg mL ™' were combined with 1.0 mL of
Teorell and Stenhagen buffer (pH = 6.0) and 1.0 mL of ethanolic
extract of the red dragon fruit peel in 10 mL volumetric flasks.
The components were completely mixed, and after waiting for
5 min, and the solution was made up to the mark with meth-
anol. The quenching of the intensity of the fluorescence emis-
sion at 341.5 nm was recorded and compared with the intensity
of the blank under the same conditions (without the addition of
indigo carmine) upon the fluorescence excitation of 290.5 nm
for all the experiments.

3 Results and discussion

3.1. Fluorescence spectra of Ex-RDFP and its fluorescence
quantum yield

In the studies of extracting betalain pigments from the peel of
red dragon fruit by Roriz et al.*® and Faridah et al.,"” ethanol was
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used as an efficient and environmentally friendly solvent for
extracting the betalain pigments. Consequently, ethanol was
employed in the current study as an extractant solvent.
Furthermore, the Ex-RDFP was investigated in the current study
using spectrofluorometry, and it exhibited an excitation fluo-
rescence spectrum at 290.5 nm and a fluorescence emission
spectrum at 341.5 nm, as shown in Fig. 1A. These results closely
agreed with the reported spectrofluorometric investigation of
the extracted betalain pigments from red beetroot, which
exhibited an emission of 357 nm and an excitation of 305 nm.*
Furthermore, the inherent fluorescence of the Ex-RDFP (fluo-
rophore brightness) can be identified by calculating its fluo-
rescence quantum yield (QY) value using the equation:

Abﬂuorescein

2
Niluorescein Ab Ex-RDFP

2
IFTg«rDFP _ MEcRDEP

X
IFIﬂuorescein

QYEX-RDFP = QYﬂuorcsccin

where, QYfyorescein 1S the quantum yield value of fluorescein as
a reference material, IFI is the integrated fluorescence intensity
for the Ex-RDFP and fluorescein, Ab is the absorbance for the
Ex-RDFP and fluorescein, and 7 is the refractive index of the
solvent. The Ex-RDFP was determined to have an estimated QY
value of 7.2%.

3.2. Mechanism of quenching and the Stern-Volmer
analysis

The inner filter effect (IFE) strategy is a practical approach for
designing fluorescence sensors, offering flexibility, simplicity,
and high sensitivity.”® This phenomenon is known to occur
when absorbers (analyte) in the detecting system absorb the
excited and/or emitted light of the reagent.”® Hence, the
performance of IFE necessitates the existence of two dyes, one
that is an absorbent and another that is an analyte-independent
fluorophore. Consequently, modulation of the emission of the
fluorophore occurs when the absorber (analyte) has a comple-
mentary overlap region with the emission spectrum or with the
excitation spectrum of the reagent (fluorescent dye).”* In the
current sensing system, Ex-RDFP functions as a fluorophore
(fluorescent dye), and the indigo carmine dye functions as
a fluorescence absorber.

Fig. 1B shows that the UV-vis absorption spectrum of indigo
carmine exhibited a prominent single absorption peak at
a wavelength of 290 nm. An extensive and close spectral overlap
was detected between the absorbance spectrum of the indigo
carmine dye and the fluorescence excitation spectrum of the Ex-
RDFP at 290.5 nm. Consequently, the presence of both
substances effectively quenched or diminished the fluorescence
intensity (FI) of Ex-RDFP. Practically, it was found that the
emission intensity of Ex-RDFP diminished upon the addition of
the indigo carmine dye, see Fig. 1C, and this proves that
a sensing fluorescent approach for indigo carmine dye based on
the IFE strategy has merit. Moreover, the quenching of Ex-
RDFP's fluorescence by indigo carmine dye was analyzed using
the Stern-Volmer equation:

FI of Ex-RDFP only
FI of Ex-RDFP in presence of indigo carmine

= Ksv[Q] + 1
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where the Stern-Volmer quenching constant is denoted by Kgy
and [Q] indicates the molar concentration of the indigo carmine
dye. The FI ratio showed a satisfactory linear correlation (r =
0.9934), and in addition, the calculated Kgy value was 58117
M~ ! with an intercept value of 0.9097.

3.3. The optimization of the developed sensing system

Factors affecting the native FI of Ex-RDFP, such as the solvent
used for dilution, and the pH, were investigated and optimized.
As shown in Fig. 2A, the native FI of Ex-RDFP was gradually
increased with the rising value of pH, and the highest values of
the native FI were achieved at the pH range of 5-7, and above
this range, the native FI values gradually diminished with the
increasing the alkalinity of the medium. So, the initial pH value
selected was 6.0. To study the effect of the diluting solvent used
on the native FI of Ex-RDFP, a fixed amount from Ex-RDFP was
diluted with different organic solvents (acetone, acetonitrile,
dichloromethane, DMF, ethanol, ethyl acetate, and methanol),
distilled water, and the aqueous solution of different surfac-
tants including a solution of 0.02 M hexadecyl-
trimethylammoniumbromide (HTAB) as a cationic surfactant,
a solution of 0.02 M sodium dodecyl sulfate (SDS) as an anionic
surfactant, a solution of Tween-20 (1% v/v) as a nonionic
surfactant in addition to a 1.0 N HCI solution. As shown in
Fig. 2B, the lowest values of the native FI were achieved with
acetone, whereas the highest values were achieved with meth-
anol, and the FI was not enhanced in a micellar medium.
Therefore, methanol was selected as the diluting solvent in the
current study.

Furthermore, variable conditions, including the volume of
Ex-RDFP, pH, and the required time that effects the quenching
of the native FI of Ex-RDFP upon adding indigo carmine (5.0 pg
mL ') were investigated and optimized. As displayed in Fig. 3A,
the fluorescence quenching (AFI) of Ex-RDFP in the presence of
the indigo carmine dye is pH-dependent, which seems low
under the high acidic medium and was markedly diminished in
the alkaline environment. In contrast, the values of the fluo-
rescence quenching attain the maximum and remain stable in
a slightly acidic and neutral solution at a pH range of 4-7, which
confirms to the selection of pH = 6 as an optimum pH value.
Furthermore, the best fluorescence quenching values were ob-
tained by using 1.0 mL of the Ex-RDFP solution as an optimum
volume, see Fig. 3B. Furthermore, the incubation time and the
incubation temperature were 5 min and room temperature (25 °
C), respectively.

3.4. Analytical performance

Under the optimized analytical conditions, different known
concentrations of indigo carmine dye were mixed with Ex-RDFP
to investigate and evaluate the analytical performance of the
suggested method. It was found that the FI of Ex-RDFP was
gradually decreased with the gradual increase in the concen-
tration of indigo carmine, and the quenching of the fluores-
cence intensity of Ex-RDFP (AF = F,, — F) for the indigo carmine
dye was found to be linear at a concentration between 1.0 and
7.0 ug mL~" with a R* of 0.9993, Table 1. In addition, the

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig.1 (A) Shows the fluorescence emission and excitation spectra for Ex-RDFP, (B) shows the absorbance spectrum of indigo carmine, and (C) is

the fluorescence emission and excitation spectra, curves a & b are for Ex-RDFP alone, and ¢ & d are for Ex-RDFP in the presence of indigo

carmine (5.0 pg mL™Y), respectively.

calculated limit of detection value (LOD) was 0.209 ug mL™" at
3.3 x SD/slope. Moreover, the calculated limit of quantitation
(LOQ) was 0.635 pg mL ™" at 10 x SD/slope.

3.5. Repeatability and intermediate precision

Repeatability and intermediate precision studies were deter-
mined by measuring the indigo carmine dye at three concen-
tration levels three times during the day and on three days. The

© 2024 The Author(s). Published by the Royal Society of Chemistry

optimized procedures described above were followed by adding
standard solutions of indigo carmine dye at 2.0 pg mL ™", 4.0 pg
mL ', and 6.0 ug mL~" concentration levels. Concerning the
two forms of precision, the RSD values were found to fall in
ranges of 0.86-3.82% and 1.31-4.97% for both repeatability and
intermediate precision, respectively, which proved the precision
of the proposed method for determining indigo carmine dye
concentration.

RSC Adv, 2024, 14, 24010-24018 | 24013
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Fig. 2 The optimization of the factors affecting the native fluorescence intensity of Ex-RDFP, (A) the effect of the pH, and (B) the effect of the

diluting solvent.

3.6. Selectivity study

To investigate the selectivity of the Ex-RDFP sensor towards
indigo carmine dye, the impacts of certain interfering
substances such as ascorbic acid, citric acid, glucose, lactose,
maltose, starch, sucrose, and some ions (Ca**, CI~, K", Mg>",
Na*, and NO®") were also evaluated. Excess amounts from the
interfering substances were added to solutions containing
a fixed concentration of indigo carmine dye. Interfering
substances expected to be found naturally in fruits in large
quantities, such as glucose, lactose, starch, and sucrose, were
studied at a concentration of 10.0 pg mL~ ', whereas other
interfering substances that are expected to be naturally present
in a small percentage, such as ascorbic acid, citric acid, and
metal ions, were studied at a concentration of 5.0 ug mL .
Then, the optimized procedures were applied to these solu-
tions, and the calculated results are shown in Table 2 and
Fig. S2.7 As shown in Table 2, the proposed method has low SD
values and a good recovery, which means that the method
possessed good selectivity for the determination of indigo
carmine dye. The reason for this may be due to the fact that all
of the previously mentioned interfering substances are colorless
and the UV-absorption curve for each of them did not show
interference either with the excitation or emission fluorescence
spectra of Ex-RDFP.

24014 | RSC Adv, 2024, 14, 24010-24018

3.7. Application to syrup samples

To assess the analytical suitability of the suggested method,
various natural syrup samples, including apple syrup, canta-
loupe syrup, guava syrup, lemon syrup, and pineapple syrup,
were filtered, centrifugated, and spiked with a known concen-
tration of indigo carmine dye and then thoroughly mixed. The
suggested fluorometric procedures were used to analyze the
natural samples. The calculated values of recovery = SD were
104.5 £ 2.61, 98.29 + 4.89, 100.5 + 2.99, 94.63 + 3.11 101.05 +
2.61, and for apple syrup, cantaloupe syrup, lemon syrup, guava
syrup, and pineapple syrup, respectively, (see Fig. S31 for the
spectra). These values were acceptable and refer to the reliability
and applicability of the suggested method for determining
indigo carmine dye in syrup samples.

3.8. Assessment of the sustainability characteristic of the
method

According to the Green Analytical Chemistry (GAC) guidelines,
using natural extracts as chemical reagents for flow evaluation
and scale-down techniques offers an additional option for
lowering the hazards to consumers and the surroundings, and
thus serves as a more sustainable advance for chemical
assessment approaches. Within the past two centuries, various
green metric algorithms have been established to evaluate the

© 2024 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Factors affecting the quenching of the native fluorescence intensity of Ex-RDFP by indigo carmine (5.0 ng mL™Y); (A) the effect of pH, and

(B) the effect of the volume of Ex-RDFP.

Table 1 Analytical parameters for the proposed spectrofluorimetric
method

Parameter Result
Linear range (ug mL™") 1.0-7.0
Slope 19.52
SD of slope 0.32
Intercept 1.22
SD of intercept 1.24

r 0.9993
LOQ (ug mL ™) 0.635
LOD (ug mL™) 0.209

greenness of analytical techniques. They offer an extensive
assessment of a method's compliance with Green Chemistry
principles, thereby assisting researchers in adopting more
sustainable activities. To assess a methodology's ecological
sustainability, each environmental metric device has its own set
of guidelines and factors to take into consideration.>® The
parameters used in the assessment and evaluation of greenness
for the suggested method are given in Table S1.}

3.8.1. Modified NEMI. The modified NEMI approach was
developed in 2009 by Raynie and Driver.”® The five factors they
investigated in their study were consumption of energy, waste

© 2024 The Author(s). Published by the Royal Society of Chemistry

development, the environment, protection, and healthcare.
Using publicly available chemical databases, the results were
displayed as a pentagon-shaped pictogram that was separated
into five sections. Every portion was given one of three color
scores (green, yellow, or red), which indicate good, medium, or
inadequate conformance to the ecological impact, respectively.
Fig. 4A displays excellent green color of the modified NEMI
evaluation of the five components.

Table 2 Selectivity study for the detection of indigo carmine by the
proposed method

Substance Amount (ug mL™") Recovery + SD
Sucrose 10 98.08 + 2.83
Glucose 10 99.19 + 1.33
Lactose 10 100.36 + 3.16
Maltose 5 98.98 + 3.33
Citric acid 5 98.29 + 3.92
Soluble starch 10 98.98 + 2.15
Ascorbic acid 5 98.63 £+ 3.11
Mg>* 5 101.39 + 3.16
Ca** 5 97.6 + 2.07
Na* 5 104.16 + 2.61
K" 5 94.15 + 1.58
NO*~ 5 100.19 + 2.37

RSC Adv, 2024, 14, 24010-24018 | 24015
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3.8.2. Assessment of the technique's complex GAPI tool. A
more comprehensive, partially quantitative inspection is
possible using the ComplexGAPI tool.”® It enhances the initially
developed GAPI metric by including a hexagonal region
(Fig. S41), which symbolizes the steps and processes prior to the
analytical approach. From the sample gathering and transport
using sample storage, retention, preparation, and final evalua-
tion, this innovative tool covers every aspect of an analytical
process.”® ComplexGAPI also offers easy-to-use software for
creating visual pictograms. With a reduced E-factor of 1 and an
abundance of positive green symbols indicating little waste
creation and a positive influence on ecological responsibility,
the suggested strategy proved to be very advantageous for this
study, as Fig. 4B shows. However, the primary focus of Com-
plexGAPI is the environmental factors. A more comprehensive
evaluation that takes into account numerous environmentally
friendly initiatives including waste reduction, energy efficiency,
and the use of renewable materials.

3.8.3. AGREEprep evaluation. A few years later, Psillakis
and co-workers created the analytical greenness measurement
for the preparation of samples (AGREEprep).”” The ten green

View Article Online
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sample preparations (GSP) concepts form the backbone of
AGREEprep, which evaluates the following: (i) where to perform
sample preparation; (ii) using dangerous substances; (iii)
sustainability, durability, and recycling of materials; (iv) how to
lower the quantity of the produced waste; (v) sample size; (vi)
sample efficiency; (vii) process integration and digitization;
(viii) energy use; (ix) subsequent arrangement for analysis; and
(x) operator's confidentiality. Each principle has the same
extension for the arc, and the weight is represented by what
protrudes from the circle. Fig. 4C displays the AGREEprep
shape together with the importance of each category.

3.8.4. Assessment of blueness through (BAGI) tool. By
taking into consideration evaluation criteria comprise the
following ten features: type of analysis, number of analytical
substances, equipment, sample performance, how to prepare
samples, measurements per hour, reagents/materials, degree of
automated processes, preconcentration requirements, and
sample volume. BAGI enables an accurate assessment of an
analytical method's blueness or applicability. A scale of 1 (worst)
to 10 (best) is used to rate each of these ten factors. The
geometric mean of the ten separate criteria scores is calculated

B2: Time-

R2:LOD and LOQ 90.0 Effm::ry
Energy 83
and other "
Requirements

R3: Precision 80,0

Ra: Accuracy 85.0

86.3

NQS index evaluation

Quality

Need

Fig. 4 Assessment of greenness for the suggested method: (A) for the modified NEMI, (B) for the complex GAPI tool, (C) for the AGREEprep, (D)
for the BAGI tool, (E) for the RGB12 evaluation, and (F) for the NQS index.

24016 | RSC Adv, 2024, 14, 24010-24018

© 2024 The Author(s). Published by the Royal Society of Chemistry


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4ra02613f

Open Access Article. Published on 31 July 2024. Downloaded on 2/7/2026 6:23:09 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper

to create the composite BAGI score. An analytical method that is
more relevant, useful, and suitable for the purpose has a higher
BAGI score. With a high BAGI score of 67.5, our approach
demonstrated exceptional blueness. As shown in Fig. 4D, the
web software's simplicity and convenience of use for BAGI
confirms that the approach we employ has a number of
advantages in terms of broader functioning, risk minimization,
and savings in both time and cost.*®

3.8.5. Whiteness (RGB12) evaluation. The RGB12 system
encompasses twelve various algorithms grouped into three
separate categories (red, green, and blue), with four algorithms
in each group. The essential GAC features, toxicity, quantity of
residue and reagent, conservation of energy, impacts on both
people and animals, and genetic modifications, are addressed
by the green subgroup (G1-G4). Validation aspects, including
application dimension, accuracy, LOD, LOQ, and precision, are
the primary objectives of the red subgroup (R1-R4). The blue
subgroup (B1-B4) deals with time management, cost efficiency,
and practical and financial demands. The highest possible
“whiteness” number, which illustrates how the approach
complies with WAC ideas, is calculated by adding the method's
scores in each of the three color areas using the RGB12 algo-
rithm.” As shown in Fig. 4E and S5.f The recommended
approach has an impressive whiteness score of 89, which indi-
cates that it has multiple benefits in terms of sustainability,
financial viability, simplicity, and analytical productivity.
Combining RGB12 with additional metrics allowed for
a comprehensive, reliable assessment of sustainability and
overcame the drawbacks associated with employing just one
method.

3.8.6. Need, quality, and sustainability (NQS) tool. The
latest edition of the Need, Quality and Sustainable (NQS) index
(%) was created in 2023 by Kiwfo et al®** The previously
mentioned tool evaluates the method of analysis in terms of
“Need” (the actual need for analytical methods for such
reasons), “Quality” (the WAC), and “Sustainability” (the
compliance with the Sustainable Development Goals). “Need” is
determined by relying on the method's attributes with regard to
the predetermined needs shown in Koel's pyramid, “Sustain-
ability” is established as the percentage that is consistent for the
17 objectives for sustainable development, and “Quality” is
assessed as a percentage utilizing the RGB 12 algorithm
provided by Kiwfo et al*® The NQS index's implementation
illustrates that employing natural reagents enhances analytical
processes, especially when considering terms of necessity and
sustainability. A triangular pyramid is used to display the
analytical chemistry NQS index, which is based on levels of
need, quality, and sustainability agreement (Fig. S6t). Ideally,
the pyramid's height and design would change or be warped in
accordance with those assessment levels. In addition to exam-
ining the quality of analytical techniques, the NQS index eval-
uation of the assay of indigo carmine in juice, as shown in
Fig. 4F, also considers the necessity and sustainability, two
factors that are certainly important in the modern world. Thus,
the NQS index could be used as a substitute for other metrics in
the advancement of analytical chemistry to fulfill societal
demands and improve sustainability.

© 2024 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

4 Conclusion

In this work, the extract of dragon fruit peel was utilized as
a fluorescence probe for detecting indigo carmine dye. The
extract of dragon fruit peel had fluorescence excitation at
290.5 nm, which closely overlaps with the UV absorption spec-
trum of the indigo carmine dye, producing an effective inner
filter effect on the fluorescence emission of Ex-RDFP at
341.5 nm. Consequently, a rapid, simple, selective methodology
has been developed for the detection of indigo carmine. From
the perspective of the goals of green and white analytical
chemistry, minimizing risks and waste, and utilization of
energy, the analytical method developed was found to be
innovative and to achieve the goals of sustainability. Whereas
the proposed method offers a green-blue-and-white alternative
to traditional techniques, enhancing analytical efficiency,
sustainability, and economy. Furthermore, it incorporates
modified NEMI, GAPI, AGREEprep algorithms, and RGB12, and
BAGI computational methods, thus responding to the global
trend for ecologically conscious solutions.
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