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Abstract: This work aims the development of an analytical alternative to determine phenolic
compounds in fruits exploiting a greener microwave-assisted extraction and photometric detection
by the smartphone-based colorimetry. Acerola cherry (Malpighia emarginata) was selected as a model
and the extraction was optimized by the Doehlert design, taking into account temperature, solvent
composition, and extraction time. The Folin-Ciocalteau method was used to determine total
phenolic content in the extracts, with a 5-fold reduction in reagent amount and waste generation.
The optimal extraction was achieved with 17% v/v ethanol, at 38 °C, for 50 min. The total phenolic
content determined by the proposed procedure (146 + 4 mg GAE g dry weight) agreed with the
reference procedure (145.0 + 0.7 mg GAE g dry weight) at the 95% of confidence level. Because of
these characteristics, the proposed approach is an alternative for screening of fruits in researches
with bioactive compounds.
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1. Introduction

Phenolic compounds are secondary metabolites produced by plants in response to ultraviolet
light, water stress, and attack by pests, like insects, viruses, and bacteria. These compounds contribute
for the growth and reproduction of plants. Phenolic compounds are classified according to their
occurrence in the environment, as: widely distributed (flavonoids, phenolic acids, and coumarins);
poorly distributed (simple phenols and aldehydes derived from benzoic acids); and polymers
(tannins and lignins)!l.

In the last decades, phenolic compounds have been investigated due to their benefits to human
health, including antioxidant, antihypertensive, anti-inflammatory, anti-allergenic, anti-atherogenic,
antimicrobial, cardioprotective, and vasodilator properties??. However, these properties are only
achieved with enough consumption of fruits, vegetables, and plant-based beverages that are the main
sources of these components!*l. Acerola cherry (Malpighia emarginata D.C) is a small fruit native of
the Caribbean Islands that has been widely studied due to rich phenolic profile and ascorbic acid
content, which makes it an excellent and attractive substitute for synthetic antioxidants!>-71.

Several analytical methods have been proposed to quantify phenolic compounds in food
matrices, but colorimetric assays are widely used for the first screening of bioactive compounds in
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plant foods and their by-productsi®l. The reaction of phenolic compounds with Folin-Ciocalteau
reagent is the main method exploited, due to its easy implementation and applicability in the
laboratorial routinel®l.

Smartphone-based assays have been exploited in several areas, e.g., food authenticity, water
control or medical diagnosticl®-12l. This approach is based on the acquisition of images by
photographic devices (smartphones, scanners or digital cameras), followed by the image conversion
in channels of a suitable color system, such as RGB (red-green-blue), HSV (hue, saturation, value) or
CIE Lab"l. Under proper conditions, the performance is comparable with those achieved by
conventional laboratory equipment, such as spectrophotometers and fluorometersl®.

The present work aims to develop a greener and fast analytical alternative to quantify phenolic
compounds in fruits, taken acerola cherry as a model. For that, a Doehlert experimental design was
exploited to optimize the extraction conditions. Photometric measurements in the hydroalcoholic
extracts were carried out by smartphone-based digital image colorimetry.

2. Materials and Methods

2.1. Samples and extraction preparation

Acerola cherry samples were provided by the Product Development Laboratory from the “Luiz
de Queiroz” College of Agriculture (State of Sao Paulo, Brazil). The samples were sanitized with a
sodium hypochlorite solution (100 mg L) and lyophilized until total water removal. The dried fruits
were ground in a processor (Philips walita RI7625/71) for 5 min and stored frozen (-18 °C) until the
extraction of the analytes.

Extraction of phenolic compounds was carried out in a microwave oven (Ethos 1600, Milestone,
Italy). The effect of 3 variables was investigated: ethanol:water proportion in the extractant, (from 0
to 99% v/v), temperature (from 30 to 60 °C), and extraction time (from 10 to 50 min), according to a
Doehlert experimental design. In total 17 experiments were carried out, including five repetitions at
the central point. For that, 0.500 g of acerola powder was weighed directly inside the microwave
flasks and then mixed with 30 mL of extractor solvent. After extraction, the extracts were centrifuged
at 5000 rpm for 20 min, filtered using a Whatman n.42 filter paper, and stored at -18 °C protected
from the light until the chemical analysis.

2.2. Determination of total phenolic content

The total phenolic content (TPC) was determined by the Folin-Ciocalteau method that lead
to a blue colored product from reduction of phosphomolybdic and phosphotungstic acids by the
analytes!'l. The hydroalcoholic extracts were diluted in water at the concentration 1:20 (v/v). An
aliquot of 0.5 mL of the diluted sample was transferred to 15 mL Falcon® tubes and then mixed with
2.5 mL of the solution 0.5 mol L of Folin-Ciocalteau reagent. After 5 min of reaction, 2.0 mL of the
sodium carbonate 4% (m/v) solution was added and mixed, and the mixture was kept protected from
the light, for two hours. Phenolic compounds concentration was determined using a
spectrophotometer (Femto 700 Plus, Brazil) at 740 nm and by smartphone-based colorimetry (item
2.2.1). The results were expressed as milligram of equivalent gallic acid per gram of dried sample
(GAE, mg g-1 of dried acerola).

2.2.1. Smartphone-based photometric detection

The photometric measurements were based on the reflected radiation captured directly at the
Eppendorf®tubes used for chemical derivatization of the analytes. It was used a smartphone (Xiaomi
Mi A3, Android 10) equipped with a 48-megapixel camera that presents a resolution of 8000 x 6000
pixel and a lens aperture of f/1.79. The images were acquired at the central region of the tubes,
considering a region of interest of 32 x 32 pixel, and then converted to RGB channels using a free
application (ColorGrab, Loomatix, version 3.7.6, 2020). Images were acquired into a styrofoam box
(14 cm high x 16 cm wide x10.5 cm deep) with a LED-lamp (Kian, 30 high-brightness LED SMD, 1.5
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W, 3.7 V, feed with a lithium battery) placed on the bottom of the box, aiming to keep constant
illumination. The R channel was monitored due to its complementarity with the color of the formed
product. The limits of detection (LOD) and quantification (LOQ) were determined according to the
Equations 1 and 2, respectively.

B Sdi+ Sd?
LOD= 3 x V=2t 1)
LOQ= 3 x LOD @)

In which Sdv= standard deviation of 3 measurements of blank solutions; Sdi = standard error; m
= angular coefficient of the calibration curve.

3. Results and Discussion

3.1. TPC content

The TPC of the acerola extracts determined by spectrophotometry and smartphone-based
photometry for the different extraction conditions indicated by the Doehlert design are shown in
Table 1.

Table 1. Real values, coded values, and TPC content in extraction conditions indicated by the

Doehlert design.
Variables Analytical response?
Experiment Temperature Ethanol. Extr.actmn Reference Proposed
©0) concentration t1n-1e method method
(% viv) (min)
1 60 (1) 50 (0) 30 (0) 107 +2 107 +2
2 53 (0.500) 99 (0.866) 30 (0) 101.4+0.8 102+2
3 53 (0.500) 66 (0.289) 50 (0.817) 106 + 2 107 +3
4 30 (-1) 50 (0) 30 (0) 131+1 131.1+0.8
5 38 (-0.500) 0 (-0.866) 30 (0) 76.5+0.9 77 +2
6 38 (-0.500) 33 (-0.289) 10 (-0.817) 121.3+0.9 124 +4
7 53(0.500) 0 (-0.866) 30 (0) 79+2 78+1
8 53 (0.500) 33 (-0.289) 10 (-0.817) 129+ 2 132+1
9 38 (-0.500) 99 (0.866) 30 (0) 124.4+09 126.3+0.8
10 45 (0) 83 (0.577) 10 (-0.817) 114.6 £ 0.6 119.0+0.8
11 38 (-0.500) 66 (0.289) 50 (0.817) 145.0+0.7 146 +4
12 45 (0) 17 (-0.577) 50 (0.817) 120+5 120+5
13 (CP) 45 (0) 50 (0) 30 (0) 122 123
14 (CP) 45 (0) 50 (0) 30 (0) 113 113
15 (CP) 45 (0) 50 (0) 30 (0) 120 116
16 (CP) 45 (0) 50 (0) 30 (0) 126 124
17 (CP) 45 (0) 50 (0) 30 (0) 113 116

!mg GAE g of dried acerola, considering (mean + standard deviation). CP = Central Point. In the variables
column, the values in parentheses represent the coded values.

The TPC determined by spectrophotometry and smartphone-based colorimetry were in close
agreement (differences not significant at 95% of confidence level, as evaluated by a paired t-test) as
demonstrated in Table 1. Values varied from 76.5 = 0.9 to 145.0 + 0.7 mg GAE g of dried acerola,
which agreed with those reported in the literature (from 9.1 to 152,54 mg GAE g of dried acerolal’).
The experiment number 11 (extraction with 17% (v/v) ethanol, at 38 °C for 50 min) presented the



Proceedings 2020, 2020 4 of 6

highest efficiency of extraction of phenolic compounds. This condition is quite different from the one
recommended in the literature for extraction of polyphenols with convective heating (extraction with
14.5% (v/v) ethanol, at 55.6 °C for 50 min)l'®! and provided a TPC value 39% higher, indicating the
better efficiency of the microwave-assisted extraction.

For the photometric measurements, the analytical signal was determined by discounting the
values measured from the reference solutions and samples (Rx) from those measured with water (R
=182 + 1), i.e. Analytical signal = Ro-Rx. This provided an analytical response directly proportional to
the color intensity (Figure 1): Analytical signal = (1.652 + 0.044) x - (3.584 +2.882), r = 0.999, in which
x corresponds to the TPC. The LOD (99,7% of confidence level) and LOQ were 3 and 10 ug mL",
respectively. Because of the microanalysis provided by smartphone-based digital images, reagent
consumption and waste generation were 5-fold lower than in the reference method.
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Figure 1. Calibration graph for determination of TPC (ug of gallic acid/mL). The insert shows the
images of the Eppendorf tubes corresponding to blank (left) and increasing TPC values.

4. Conclusion

A more efficient extraction of phenolic compounds was achieved by microwave-assisted
extraction, also minimizing the extraction temperature (from 55.6 to 38 °C), thus minimizing risks of
oxidation of the species during this step. The smartphone-based detection presented an efficient, cost-
effective, simple, and fast approach to determine the total phenolic content in acerola extracts, being
a reliable alternative for the screening of fruits. It was also demonstrated that photometric
measurements can be carried out with a portable and widely available smartphone camera, with
results in agreement with those attained by spectrophotometry. Moreover, the minimization of
reagent consumption and waste generation provided by microanalysis are in agreement with the
principles of green chemistry. The optimized extraction condition will be adopted for determination
of TPC in other fruits as well as for determination of the phenolic profile using High Performance
Liquid Chromatography.
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