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Abstract

Medicinal plants extracts are a rich natural source of active phytochemicals (Polyphenols) that are
known to have important health-enhancing properties. This study determines the total content of
polyphenols of nine medicinal plants extracted using the accurate UV-vis spectroscopic method, along
with the Orange Data Mining Tool (ODMT). The total content of polyphenols for the selected medicinal
plant extracts (Daucus Carota L., Ruta Chalepensis L., Anisosciadium DC., Thymus Vulgaris, Senna
Alexandrina, Myrtus Communis, Silybum Marianum Flower, Silybum marianum Leaves, and Rosa
moschata) was measured using gallic acid as a standard. The intended method requires a maximum of
1 mg of Gallic acid and only 1 mg of the plant extract. The wavelength range of the maximum absorption
in the UV-vis spectrum was about 270 nm. For polyphenols, the purposed method linear dynamic
concertation range (44.67 to 334.7 mg GAE/g DW) with a recovery percentage range of 95.3-104.3%.
This method is easy, fast, accurate, and less expensive than the Folin Ciocalteu method.

1. Introduction

Phytochemicals originate from the Greek word (Phyto) meaning plant. They are biologically active
chemical compounds that are naturally present found in plant fruits, vegetables, whole grains, nuts,
seeds, legumes, and other parts. They protect plant cells from pollution, dehydration, exposure to
ultraviolet rays, and toxic substances as well as diseases, insects, and exposure to the ultraviolet rays [1,
2]. They are responsible for the color, smell, and flavor of every plant. They also play a great role in
protecting human health from many diseases; they provide the human body with more energy than
micronutrients in industrial supplements [3]. Phenolic compounds are the largest category of
phytochemicals found in plants. They can be divided into several classes, including flavonoids, phenolic
acids, tannins, stilbenes, and lignins. They can have various simple and complex structures such as
simple phenolic acids (e.g. vanillin, gallic acid, caffeic acid), polyphenols such as stilbenes, and
flavonoids, and polymers derived from these different groups [4]. Phenolic phytochemicals are an
essential component of our food as they are responsible for the color and taste of fruits and vegetables.
In particular, as polyphenols precipitate salivary proteins, this property could somewhat participate in the
defense against their anti-nutritional effects [5].

UV-vis spectrophotometric methods assessing total phenolic contents in plant extract are cheaper, faster,
and thus more accessible methods than analytical chromatography techniques, such as high-
performance liquid chromatography (HPLC) [6]. Moreover, spectrophotometric assays identify compound
categories rather than individual compounds. Among different spectrophotometric techniques, UV-visible
spectroscopy appears to be suitable for the quantification of phenolic contents in the plant extract [7].
Phenolic compounds contain mt-conjugated systems with hydroxyl-phenolic groups. They can strongly
absorb UV light where 1t type molecular orbitals electronic transitions of phenolic groups provide the UV-
visible spectrum. UV-visible spectroscopy for phenolic analysis is reported to quantify anthocyanins [8],
phenolic acids [9], stilbenes [10], flavanols [11], and tannins [12]. However, the main limitations of UV-
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visible spectroscopy are overestimating the specificity of the assays and assigning results to specific
phenolic compounds instead of compound categories.

Total phenolic content is widely accepted as a key measure of quality for plants were predicted for total
phenolic contents using two different spectrophotometric methods. Among these methods, the Folin-
Ciocalteu method [13] and prediction by Orange Data Mining Tool method are commonly used [14-16].
The Folin-Ciocalteu method is broadly used to decide complete polyphenols. This reaction happens by
the phosphotungstic corrosive reduction, shaping a blue chromophore comprised of a phosphotungstic-
phosphomolybdenum complex [17],[18]. The maximum absorption of chromophores mainly depends on
the alkaline solution and the concentration of phenolic derivatives [18]. However, this reagent
decomposes quickly and easily in alkaline solutions, so a large surplus of reagents must be used to avoid
the reverse reaction and to obtain a complete reaction and this excess can result in precipitates and high
turbidity, making spectrophotometric analysis impossible [19]. Many modifications of this method are
found in many pharmacopeias and laboratory procedures including the amount of the Folin-Ciocalteu
reagents, concentration, wavelength, the standard used, reaction time, and temperature [20].

Recently, an attempt has been made based on the application of data prediction techniques for quality
modeling of various products [21],[22],[23]. Due to the small amount of the natural extract of the plants
and depletion of reagents used in the analysis of the phenolic compounds, it is of great importance to
developing new method use consumes fewer amounts of samples and reagents. In this study, the total
polyphenol content of plant extracts using new UV-Vis spectroscopy methods combined with the Orange
Data Mining Tool (ODMT). The purposed method consumes a small amount of reagent and avoids
possible side reactions when following the Folin Ciocalteu method. It helps to avoid potential
environmental factors such as heat or cold that affect the reaction. The method developed proved to be
reliable for the total polyphenols of the crude extract plants. Furthermore, the Orange Data Mining Tool
(ODMT) is suitable for different kinds of users, from data mining beginners to programmers who prefer a
scripting interface. Therefore, the purposed method ends up being direct, precise, reproducible, and simple
to perform [24, 25]. The purposed method for the determination of polyphenol content showed excellent
results, compared to those obtained directly from the Folin Ciocalteu method (Gallic acid equivalent
(GAE) in mg/g of the extract) is to detect the total polyphenol content using chemical reactants.

2. Materials And Methods
2.1. Materials and Instrumentation

All chemicals used were of analytical quality; ethanol (C,H¢0, 99.9%, Sigma-Aldrich), hexane (C¢H44, 97%,
Sigma-Aldrich), reagent Folin Ciocalteu (3H,0. P,05. 13WO03. 5M005. 10H,0) produced by PROLABO,
sodium carbonate (Na,CO3, = 99.5%, Sigma-Aldrich), and Gallic acid (C;Hg05, 99%, PROLABO).
Analytical balance (Shanghai Suisse Instrument precision 0.0001g). Rota evaporator branded (B.U.C.H.I)
model R-210. equipped with a top cooler. A Shimadzu UV-Vis 1800 spectrophotometer. characterized by
high resolution and an error of less than 0.07 nm. This device is linked with a microcomputer to facilitate
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the processing of results. Whatman® cellulose chromatography papers 1 Chr sheets. (20 x 20) cm (GE
Healthcare Life Sciences, UK) were used for paper chromatography. The absorption spectrum was
measured on a UV-Vis. Spectrophotometer (UV-Vis. Cary 4000. Agilent, UK) controlled by Agilent Scan
software.

2.2. Preparation of the plant extract (Maceration)

The plant samples (Daucus carota L., Ruta Chalepensis L., Anisosciadium DC., Thymus vulgaris, Senna
alexandrina, Myrtus communis, Silybum marianum Flower, Silybum marianum Leaves, and Rosa
moschata). Randomly selected samples were taken to the laboratory for analysis. In the laboratory, only
samples with no visible malformation or bacterial damage were carefully selected. Then the samples
were washed with distilled water to remove the dirt deposited on the surface of the samples. These plant
samples were then naturally dried after washing with distilled water. The oven-dried samples were ground
to a powder using a mortar and pestle and then sieved using a mesh sieve of 2 mm diameter. The
process was left for 24 hours and the solids were filtered out using a Whatman No. 1 filter. To extract the
phenolic compounds, 10 gm of each sample were taken in a conical flask and extracted with organic 100
mL solvents ethanol in a mechanical shaker with temperature control (70°C) at a constant stirring rate at
200 rpm and repeat the process three times. In the end, the solvents were separated from the extract [27].
To date, different solvents have been reported for polyphenol extreaction i.e. water, methanol, ethanol,
propanol, chloroform, n-hexane, ethyl acetate, and acetone. These solvents differ in their polarity; and
thus, they have different influences on the effeicny of the extraction process. However, ethanol has been
selected as general solvent, as its is a safe option for plant extraction due to the fact that it leaves behind
a safe to use, non-toxic oil product.

2.3. Determination of Total Polyphenol Content

Measurements of total polyphenols contents in various extracts are performed by the Singleton and
Rossi method using the Folin Ciocalteu method (Gallic acid equivalent (GAE) in mg/g of the extract) [13,
26]. Volumes of 1000 pl at different concentrations of in the various extracts are carried were added to
200 pl Na,CO5 (10%). Approximately. 1000 pl Folin-Ciocalteu diluted ten times reagent was added to the
reaction medium. After incubating in the dark at room temperature for 40 min. Folin & Ciocalteu’s phenol
reagent does not contain phenol. Rather, the reagent will react with phenols and nonphenolic reducing
substances to form chromogens that can be detected spectrophotometrically. The absorbance was
measured a A\, nM. The calibration curve of Gallic acid at various concentrations (Fig. 2a) as standard
[28] was given in (Fig. 2b). Therefore. The result is the milligram equivalent of Gallic acid per gram of dry
weight (mg GAE / g DW). All data were presented as the mean of three separate experiments and error
bars are displayed with standard error. Results were expressed as mean + standard deviation.

2.4. Software and Tools

The Orange Data Mining Tool (ODMT) is a data-mining tool that is useful for visual programming and
exploratory data analysis that can be written in Python. Orange has many components known as
widgets. Each widget includes some tasks of data retrieval, preprocessing, visualization, modeling, or
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evaluation. The combination of different user interface elements in a workflow allows users to create
comprehensive data analysis charts on the go. With a large library of tools [29-32]. This study proposes
a comparison of the Folin Ciocalteu method (Gallic acid equivalent (GAE) in mg/g of the extract) [13], and
prediction methods in the Orange Data Mining Tool (ODMT) are used in this study for analysis and
prediction of total polyphenols contents in the plant extracts. The methodology flow used in this study is
illustrated in the following Fig. 1. In this Fig. 1, the program was designed using prophecy models that are
present in Orange software to extract the desired results. which are the polyphenols contents for a bunch
of plant extracts.

The purposed method consumes a small amount of reagent, estimated at 1 mg, for one time. It also
helps to avoid possible side reactions when following the Folin Ciocalteu method. The method also
avoids potential environmental factors such as heat or cold that affect the reaction. As shown in Fig. 1,
method steps start with using a new file function. The data table function is used for adding the
spreadsheet of a gallic acid solution of known is entered in this file, as predicted before in Fig. 1a. Linear
regression function is used for finding the relationship between the gallic acid concentration and studied
samples of a bunch of plants. Test and score function used to extract the correction factor and calculate
the success rate of the prediction model and the result associated with the prediction models previously
used. The second new file function is used to enter the plant extract information (sample of unknown
concentration), where the second select column function is used for adding the UV-vis data (spreadsheet)
of plant extracts. Finally, the matrix function is used to link the concentrations of Gallic acid (standard)
and the plant extracts (unknown samples).

3. Results And Discussion

Total polyphenol contents in the Plants of weed were estimated in two ways, where the closeness ratio
between the two results was observed. The first result was obtained by the method (Gallic acid equivalent
(GAE) in mg/g of the extract) of Singleton and Rossi [26]. The second result obtained by a new method
by ODMT predictor is also presented in this paper. Therefore, from this research it can be said that the
value of polyphenols can be predicted in any plant in the future, as mentioned in the introduction, the
total polyphenol content can be predicted and apply it to all medicinal plants using the new method.

3.1. Prediction of Various Concentrations of Gallic acid

Various concentrations of Gallic acid in ethanol at 70°C (standard solutions) were prepared and recorded
using a UV-vis spectrophotometer (Fig. 2). Figure 2 shows the calibration curve of the absorbance at xx
nm versus the concertation of the Gallic acid, with a correction factor (R? = 0.9998). Finally, the data of
the UV-vis were entered into the Orange Data Mining Tool (ODMT), to be considered as the database
detection of unknown total polyphenols concentration in plant or mixture. The prepared solutions were
recorded in the UV-vis spectrophotometer as given in Fig. 2, and then the data matrices were stored in the
Orange Data Mining Tool (ODMT).
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2.2. Determination of total content of polyphenols in plant
extract

The total content of polyphenols for a group of plant extracts (Daucus carota L., Ruta Chalepensis L.,
Anisosciadium DC., Thymus vulgaris, Senna alexandrina, Myrtus communis, Flower of Silybum
marianum, leaves of Silybum marianum, and Rosa moschata) was measured using gallic acid as a
standard. The percentage of the contents of polyphenols in the different plant extract reveal that the
polyphenols concentration in the samples ranges from 44.67 to 334.7 mg GAE/g DW).

Table 1

The percentage of the contents of polyphenols
in the different plant extract measured using the
Folin Ciocalteu method as a reference method

Plant extract Polyphenol
mg GAE/g DW

Daucus carota L. 51.10+17.56
Ruta chalepensis L. 54.94 +20.86
Anisosciadium DC. 44.67+1.10
Thymus vulgaris 141.8+2.86
Senna alexandrina 4514 +2.84
Myrtus communis 334.7+15.17
Silybum marianum Flower  44.23 +2.89
Silybum marianum Leaves 64.73+17.59
Rosa moschata 258.59+8.29

3.3. Mathematical Calculations

Equation 2 was used to estimate the polyphenols contents in different plant extracts using data (Fig. 2a)
stored in the Orange Data Mining Tool (ODMT)
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Csample = (o 22MT ) 5 100 (2)

Absorx Cumanuelle
Where

Csampie: Concentration of polyphenol of plant extract (mg GA [/ g DW')

m
Copyr: Concentration calculated by Orange Data Mining Tool in —'?
m

CMmanuelle : Concentration of plant extract (mg /ml) .
Absor: Sample absorbance in A max in (nm), it varies from one plant to another plant.

Amax: Larger absorption of the sample in (nm).
2.4. Spectroscopic Prediction of Total Polyphenols Content

A series of dilutions were prepared for each plant extract, as shown in Table 2. Then, the UV-vis spectrum
of each sample and their series of dilutions were recorded separately, given in Fig. 3 and Fig. 4. The data’s
a matrix that connects the concentrations and absorption of each plant is then entered for each of the
total polyphenol concentrations for the plant extracts (dilution series) in the second part of the program
and then the following concentrations from the Orange Data Mining Tool (ODMT) were obtained. Table 3
indicates that the results obtained in the reaction method are very close to the results obtained from the
Orange Data Mining Tool, with a recovery percentage range of 95.3-104.3%.
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Table 2
Comparison of the results of the two methods.

Daucus carota L.

Concentration ) (mg/ml) 03000 02700  0.2500 02300 02140 0.2000 0.1875
Concentration @ (mg/ml) 00242 00238 00231 00219 00202 00190 0.0174
Absorbance at Apa,=255nm  1.9740  1.8000 1.6530 1.5070 1.3900 1.3010 1.2100

Ruta chalepensis L.

Concentration M (mg/ml) ~ 0.0100 01000 0.0500 02500 02083 01785 —
Concentration @ (mg/ml) 00011 00110 00564 00248 00219 00201 —

Absorbance at A max =261 0.1290 0.9210 0.4860 2.1950 1.8410 1.5970 —
nm

Anisosciadium DC.

Concentration @ (mg/ml) 00270 00268 00265 00255 00240 0.0234 0.0230

Absorbance at A max = 266 21580 2.0060 1.8280 1.6720 1.5670 1.4900 1.4220
nm

Thymus Vulgaris
Concentration (1) (mg / ml) 0.2300 0.2142 0.2000 0.1875 0.1764 0.1666 0.1166
Concentration (2) (mg / ml) 0.0262 0.0260 0.0259 0.0246 0.0241 0.0233 0.0201

Absorbance at A max = 282 1.6700 1.5430 1.4480 1.3140 1.2840 1.2180 0.9920
nm

Senna Alexandrina
Concentration (1) (mg / ml) 0.3000 0.2727 0.2500 0.2307 0.2142 0.2000 0.1875
Concentration (2) (mg / ml) 0.0271 0.0266 0.0258 0.0252 0.0238 0.0234 0.0224

Absorbance at A, = 265 23560 2.1160 1.9060 1.7520 1.6050 1.5180 1.4190
nm

Myrtus communis
Concentration (1) (mg / ml) 0.0500 0.0454 0.0416 0.0384 — — —
Concentration (2) (mg / ml) 0.0146 0.0131 0.0122 0.0109 — — —

Absorbance at A, = 265 1.0310 0.9300 0.8700 0.7840 — - —_
nm
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Daucus carota L.

Silybum marianum Flower

Concentration (1) (mg / ml) 0.3000 0.2727 0.2500 0.2300 0.2140 0.1875 -
Concentration (2) (mg / ml) 0.0265 0.0257 0.0245 0.0236 0.0235 0.0210 -

Absorbance at A, = 265 22150 19720 1.8450 1.7150 1.6030 1.4150 —
nm

Silybum marianum Leaves

Concentration (1) (mg / ml) 0.3000 0.2727 0.2500 0.2307 0.2142 0.2000 0.1875
Concentration (2) (mg / ml) 0.0263 0.0246 0.0224 0.0216 0.0212 0.0197 0.0183
Absorbance at A, =267nm  1.6310 1.4370 1.3290 1.2370 1.1380 1.0620 0.9890

Rosa moschata
Concentration (1) (mg / ml) 0.1250 0.1040 0.0892 0.0781 0.0694 0.0625
Concentration (2) (mg / ml) 0.0260 0.0230 0.0189 0.0167 0.0154 0.0134

Absorbance at A, = 266 1.6560 1.4380 1.1960 1.0430 0.9720 0.8440
nm

Concentration (V: Concentration of the extract of samples of the for the sample of the plant which in
manual preparation (mg/ml).

Concentration @: Concentration of the extract of samples from the plant sample of the plant can be
calculated in software ODMT (mg/ml).

Absorbance (nm): Absorbance of the plant extract in A,,,, of the plant extract in (nm).
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Table 3

Comparison of total polyphenols content in leaves, twigs end flowers by Orange
Data Mining Tool (this work) and Folin Ciocalteu method (reference method) in
terms of the Gallic acid equivalent (GAE) in mg/g of the extract.

Samples Polyphenol (mg GAE/g DW) Recovery %

Method (ODMT)  Method (GAE)

Daucus Carota L. 48.71+7.60 51.10+17.56  95.32

Ruta Chalepensis L. 57.66 +12.56 5494+20.86 104.95
Anisosciadium DC. 46.59 + 3.69 44.67+1.10 104.29
Thymus vulgaris 144.73 +29.82 141.8+2.86 102.06
Senna Alexandrina 46.26 +7.93 45.14+2.84 102.48
Myrtus Communis 337.61+26.99 334.7+15.17 100.86
Silybum Marianum Flower  45.41 +4.51 4423 +2.89 102.66

Silybum Marianum Leaves 64.19+11.10 64.73+17.59 99.16
Rosa Moschata 250.38 +4.45 258.59+8.29 96.82

ODMT = Orange Data Mining Tool.

GAE = the gallic acid equivalence method

Recovery % = Conc given by Method (ODMT) x 100 / Conc given by Method (ODMT)

4. Conclusions

UV-vis spectroscopic methods for the prediction of the total polyphenol contents of medicinal plants
extracts can be improved by adjusting the reagent concentration, pH, reaction time, temperature, and
absorption wavelength. In this study, we developed an accurate UV spectrophotometric method for the
determination of polyphenol contents in nine medicinal plant extracts by the mean of with the Orange
Data Mining Tool (ODMT). The method used very small amounts of reagents; requires a maximum of 1
mg of Gallic acid reagent and only 1 mg of the studied plant extract. The determination of total
polyphenol contents is based on creating a database (standard calibration curve) associated with the
Gallic acid reagent and the Orange Data Mining Tool (ODMT). The total polyphenolic contents obtained
by the standard calibration curve of the Folin Ciocalteu method (Gallic acid equivalent (GAE) in mg/g of
the extract) are in agreement with the results predicted by the ODMT. The purposed method linear
dynamic concertation range (44.67 to 334.7 mg GAE/g DW) with a recovery percentage range of 95.3—
104.3%. The purposed method opens up for researchers to other studies such as determining the
proportion of flavonoids, flavanols, dragon and each substance is related to plants and so the oxidation
value of plants can be determined.

Page 10/17



Declarations

Author Contributions: Conceptualization. S.E.L. F.G., and A.B. (Abderrhmane Bouafia) and A.B. (Ahmed
Barhoum); methodology. A.B. (Abderrhmane Bouafia) and A.B. (Ahmed Barhoum); software. F.G. and A.B.
(Abderrhmane Bouafia); validation. A.B. (Abderrhmane Bouafia). F.G. and A.B. (Ahmed Barhoum); formal
analysis. S.E.L.. AR, AT, and F.G,; investigation. A.B. (Abderrhmane Bouafia); resources. A.R.; data
curation. S.E.L.; writing—original draft preparation. F.G., A.B. (Abderrhmane Bouafia), and A.B. (Ahmed
Barhoum); writing—review, and editing. F.G.. A.B. (Abderrhmane Bouafia). and A.B. (Ahmed Barhoum);
supervision. S.E.L. AR.. authors have read and agreed to the published version of the manuscript.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest. financial or otherwise.

References

1. E.L. GIBSON, J. WARDLE, C.J. WATTS, Fruit and Vegetable Consumption, Nutritional Knowledge and
Beliefs in Mothers and Children, 31 (Appetite, 1998), pp. 205-228,
doi:https://doi.org/10.1006/appe.1998.0180

2. K. Mathai. Nutrition in the adult years. Krause's Food, Nutr. Diet Ther. 10th ed., ed. LK Mahan S.
Escott-Stump 2000, 271, 274-275

3. C.M. Hasler, J.B. Blumberg, Phytochemicals: biochemistry and physiology. Introduction J. Nutr. 129,
756S—757S (1999). doi:10.1093/jn/129.3.756s

4. O.M. Andersen, K.R. Markham Flavonoids: chemistry, biochemistry and applications; CRC press,
2005; ISBN 142003944X

5. V. Cheynier, Phenolic compounds: from plants to foods. Phytochem Rev. 11, 153-177 (2012).
doi:10.1007/s11101-012-9242-8

6. -S. Boos, K.; Blaszkewicz, M.; Giindel, J.; Heinrich-Ramm, R.; Lintelmann, J.; Miller, G.-H. Schaller, K;;
Will., W. High performance liquid chromatographic methods for the determination of organic
substances in biological materials [Biomonitoring Methods, 2000]. MAK-Collection Occup. Heal. Saf.
2012,1-72

7. J.L. Aleixandre-Tudo The Role of UV-Visible Spectroscopy for Phenolic Compounds Quantification in
Winemaking. In; Pech-Canul, W. du T.E.-R.L.S-O.E.-A. de la C., Ed.; IntechOpen: Rijeka, 2019; p. Ch. 3
ISBN 978-1-78985-496-1

8. M.M. Giusti, R.E. Wrolstad Characterization and Measurement of Anthocyanins by UV-Visible
Spectroscopy. Curr. Protoc. Food Anal. Chem. 2001, 00, F1.2.1-F1.2.13,
doi:https://doi.org/10.1002/0471142913.faf0102s00

Page 11/17



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. R. Kowalski, G. Kowalska Phenolic acid contents in fruits of aubergine (Solanum melongena L.).

2005

M. Ish-Shalom, J.D. Fitzpatrick, M. Orchin, Quantitative analysis by ultraviolet spectrophotometry:
The cis-trans-stilbene system. J. Chem. Educ. 34, 496 (1957). doi:10.1021/ed034p496

R.T.M. Ramos, |.C.F. Bezerra, M.R.A. Ferreira, L.A.L. Soares, Spectrophotometric Quantification of
Flavonoids in Herbal Material, Crude Extract, and Fractions from Leaves of Eugenia uniflora Linn.
Pharmacognosy Res. 9,253-260 (2017). doi:10.4103/pr.pr_143_16

J. Loum, R. Byamukama, PA.G. Wanyama, UV-Vis Spectrometry for Quantitative Study of Tannin
and Flavonoid Rich Dyes from Plant Sources. Chem Afr. 3, 449-455 (2020). doi:10.1007/s42250-
020-00135-6

Y. Chavan, R.S. Singhal, Ultrasound-assisted extraction (UAE) of bioactives from arecanut (Areca
catechu L.) and optimization study using response surface methodology. Innov. Food Sci. Emerg.
Technol. 17,106-113 (2013)

S.K. Devi, S. Krishnapriya, D. Kalita, Prediction of heart disease using data mining techniques. Indian
J. Sci. Technol. 9, 1-5 (2016)

S. Gutiérrez, J. Tardaguila, J. Fernandez-Novales, M.P. Diago, Data Mining and NIR Spectroscopy in
Viticulture: Applications for Plant Phenotyping under Field Conditions. Sensors 2016, 16

U.K. Dey, A.H. Masud, M.N. Uddin Rice yield prediction model using data mining. In Proceedings of
the 2017 International Conference on Electrical, Computer and Communication Engineering (ECCE);
2017; pp. 321-326

A. Blainski, G.C. Lopes, J.C. De Mello, Application and Analysis of the Folin Ciocalteu Method for the
Determination of the Total Phenolic Content from Limonium Brasiliense L. Mol. 2013, 18

P. Schofield, D.M. Mbugua, A.N. Pell, Analysis of condensed tannins: a review. Anim. Feed Sci.
Technol. 91,21-40 (2001). doi:https://doi.org/10.1016/S0377-8401(01)00228-0

N. Cicco, M.T. Lanorte, M. Paraggio, M. Viggiano, V. Lattanzio, A reproducible, rapid and inexpensive
Folin—Ciocalteu micro-method in determining phenolics of plant methanol extracts. Microchem J. 91,
107-110 (2009). doi:https://doi.org/10.1016/j.microc.2008.08.011

F.G. Bueno, M.A.D. Machareth, G.P. Panizzon, G.C. Lopes, J.C.P. Mello, Leite-Mello, E.V.S. Development
of a UV/Vis spectrophotometric method for analysis of total polyphenols from Caesalpinia
peltophoroides Benth. Quim. Nova 35, 822-826 (2012). doi:10.1590/S0100-40422012000400031

M. Muzolf-Panek, A. Kaczmarek, A. Gliszczyriska-Swigto, A predictive approach to the antioxidant
capacity assessment of green and black tea infusions. J. Food Meas. Charact. 15, 1422-1436
(2021). doi:10.1007/s11694-020-00727-3

A. Hosu, V.-M. Cristea, C. Cimpoiu, Analysis of total phenolic, flavonoids, anthocyanins and tannins
content in Romanian red wines: Prediction of antioxidant activities and classification of wines using
artificial neural networks. Food Chem. 150,113-118 (2014).
doi:https://doi.org/10.1016/j.foodchem.2013.10.153

Page 12/17



23. R. Guiné, C. Gongalves, S. Matos, F. Gongalves, D.V.T. Costa da; M. Mendes Modelling through
artificial neural networks of the phenolic compounds and antioxidant activity of blueberries. Iran. J.
Chem. Chem. Eng. 2018, 37, 193-212

24. J.L. Aleixandre-Tudo, A. Buica, H. Nieuwoudt, J.L. Aleixandre, W. du Toit, Spectrophotometric Analysis
of Phenolic Compounds in Grapes and Wines. J. Agric. Food Chem. 65, 4009-4026 (2017).
doi:10.1021/acs.jafc.7b01724

25. F. Weber, M. Passon Chapter 7 - Characterization and Quantification of Polyphenols in Fruits. In;
Watson, R.R.B.T.-P.in P. (Second E., Ed.; Academic Press, 2019; pp. 111-121 ISBN 978-0-12-813768-0

26. V.L. Singleton, J.A. Rossi Colorimetry of Total Phenolics with Phosphomolybdic-Phosphotungstic
Acid Reagents. Am. J. Enol. Vitic. 1965, 16, 144 LP — 158

27. F. Guemari, S.E. Laouini, A. Rebiai, A. Bouafia, Phytochemical screening and Identification of
Polyphenols, Evaluation of Antioxidant activity and study of Biological properties of extract Silybum
marianum (L.). Asian J. Res. Chem. 13, 190 (2020). doi:10.5958/0974-4150.2020.00037.1

28. A. Waterhouse, Folin-ciocalteau micro method for total phenol in wine. Am. J. Enol. Vitic 48, 357-363
(2006)

29. M. Zakov4, V. Podpecan, F. Zelezny, N. Lavrac Advancing data mining workflow construction: A
framework and cases using the orange toolkit. Proc. 2nd Intl. Wshop. Third Gener. Data Min. Towar.
Serv. Knowl. Discov. 2009, 39-52

30. D. Vaishnay, B.R. Rao Comparison of Machine Learning Algorithms and Fruit Classification using
Orange Data Mining Tool. In Proceedings of the 2018 3rd International Conference on Inventive
Computation Technologies (ICICT); 2018; pp. 603-607

31. B. Zupan, J. Demsar Open-Source Tools for Data Mining. Clin. Lab. Med. 2008, 28, 37— 54,
doi:https://doi.org/10.1016/j.cll.2007.10.002

32. 1.B.P. Jayawiguna Comparison of Model Prediction for Tile Production in Tabanan Regency with
Orange Data Mining Tool. Int. J. Eng. Emerg. Technol. Vol 5 No 2 July - DecemberDO -
10.24843/I1JEET.2020.v05.i02.p012 2020

Figures

Page 13/17



Gallic acid Gallic acid i .

Daucus carota L. * Test and Score

Ruita ('hf!’t'p(‘ﬂ&'i" L. Dauvcnus carota . D a E}l(l’?&

Fle Data Table Linear Regresson

Anisosciadium DC. - Ruta chalepensis L.

- Anisosciadi -
Thymus vulgaris inisosciadienr DC

Thymus vulgaris

Myrtus commuinis
Myrtus communis

Silvbum marianum S

Silvbum marianum
Flower

Flower
Silybum marianum

Silvbum marianum
Leaves

Leaves

orange
Rosa moschata DATA MINING
Columins

Figure 1

Flow chart showing the method steps and the workflow in Orange Software to extract the desired results.

Page 14/17



o= ().00538 mg/ml
s (),00583 mg/ml

0.01000 mg/ml
= (0,01250 mg/ml
e (0.01363 mg/ml
= (.01538 mg/ml
e ().01666 mg/ml
e (0.01818 mg/ml
= (.02000 mg/ml

0.02142 mg/ml
= (,02500 mg/ml
= ().02727 mg/ml

400 500 600

Wavelength (nm)

Absorbance (a.u.)

1.2 - .

-y
[
1

B

=
=]
1

=
=
b
LY
e
Al
i
8

Absorbance

¥
é,}% R>=0.9998
024 § y=30.85x-0.0207

0.005 0010 0.015 0.020 0.025 0.030 0.035 0.040 0.045
Concentration (mg/ml)

=]
=
1L

Figure 2

UV-vis spectrophotometric analysis of gallic acid: (a) UV-absorbance curve at different concentrations
from 0.00538 to 0.02727 mg/ml; (b) Standard solutions calibration curve.
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Figure 3

UV-absorbance curve of the plants: (@) Daucus carota L. (b) Ruta Chalepensis L. (c) Anisosciadium DC.
and (d) Thymus vulgaris at deferent concentration.
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Figure 4

UV-absorbance curve of the plants: (@) Senna alexandrina. (b) Myrtus communis. (c) Silybum marianum
Flower. (d) Silybum marianum Leaves. and (e) Rosa moschata at deferent concentration.
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