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Abstract: Syzygium cumini L. Skeels belongs to Myrtaceae family. This species has been
recognized by its antidiabetic, anti-inflammatory, and antimicrobial activities. Despite
ever-increasing scientific interest for this species there is no pharmacopeia method for
characterization and standardization of S. cumini yet. So, toward this aim, the objective
of this work was to develop an efficient analytical methodology able to determine
polyphenols and tannins content from leaves hydroethanolic extract of S. cumini using
Folin-Ciocalteu method by ultraviolet absorption spectrophotometry (UV-Vis). The
analytical methodology was developed for the first time in the literature for leaves of
this specie shown to be fast and low-cost with results expressed through tannic acid
equivalent (TAE). Moreover, the methodology presented selectivity with maximum
absorption at 706 nm wavelength, linearity with R*>0.99; limit of detection 0.275 g TAE
mL" and 0102 pg TAE mL"; limit of quantification 1.046 pg TAE mL" and 0.912 pg TAE mL”
for total polyphenols and total tannins, respectively. Furthermore, the methodology was
accurate with recover value greater than 98%, as well as exact, reproductive, and robust
with coefficient of variation values less than 15% for both compounds. All the results are
found within the fixed limits according to RDC 166/2017.
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known by its antidiabetic, anti-inflammatory
and antimicrobial activities (Ayyanar & Subash-

The antimicrobial resistance (AMR) serious
economic and epidemiological implications are
alarming the scientific community, turning their
attention to new antimicrobial agents. For this
reason, plant-derived antimicrobial agents used
as primary therapeutic agents or adjuvants are
viewed as one of the emerging solutions for
AMR, due to their promising multi-target effects
and natural origin (Park et al. 2006).

Syzygium cumini (L.) Skeels has as synonym
Syzygium jambolanum (Lam.) DC. is commonly
known as black olive or jambolan (Ayyanar &
Subash-Babu 2012). This species has been

Babu 2012, Srivastava & Chandra 2013, Mundy
et al. 2016, Chhikara et al. 2018). Its leaves have
gallic acid, kaempferol, myricetin, ellagic acid,
chlorogenic acid, quercetin, rutin, anthocyanins
and tannins (Mahmoud et al. 2001).

In Brazil, S. cuminiisincludedin the National
List of Medicinal Plants of Interest to the Unified
Health System (RENISUS) (Marmitt et al. 2018).
In this list is including 71 vegetable species that
have the potential to generate herbal medicines.
Despite the potential of S. cumini, there is no
pharmacopeia method for characterization and
standardization of the species yet.
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The standardizing of the extract, in other
words, adjust of a defined content of one
or more component responsible for the
therapeutic activity, is indispensable to ensure
quality, efficacy, and safety of the extract (Luo
et al. 2016, Jagetia 2017, Huynh-Ba & Sassi
2018, Simmler et al. 2018). Extracts, and natural
compound combinations have been shown to
be more effective against bacteria and fungi
than isolated constituents (Carmona & Pereira
2013, Mundy et al. 2016). Considering this fact,
the combined quantification of more the one
compound from an extract could be very advise
for enhance efficiency and security of herbal
medicines (Amorim et al. 2008, Dominguez-
Rodriguez et al. 2017).

Tannins and flavonoids are phenolic
compounds that can be determined by the
Folin-Ciocalteu (FC) method. Many quantitative
data have been reported based on the FC
method, once it is a convenient and simple
analytical technique with good reproducibility
(Sanchez-Rangel et al. 2013). Accordingly, the
total phenolic contents determination based
on the FC method has been used extensively
to characterize wines and spirits, fruit juices,
plant tissues, sorghum grain and other similar
products (Ramirez-Sanchez et al. 2010, Sanchez-
Rangel et al. 2013, Chen et al. 2015, Baldissera et
al. 2016).

Spectrophotometry (UV-Vis) is mostly used
in the quality control by the pharmaceutical
industry because is an analytical tool highly
sensitive. The analytical methodologies
using by this technique can provide fast and
reliable results (Alves et al. 2010, Marques
et al. 2014, Figueirédo et al. 2015). Moreover,
spectrophotometric methods for the
determination of tannin and flavonoid levels in
plant extracts are very popular for their speed
and practicality, making them useful for various
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studies and techniques (Haddouchi et al. 2014,
Ricci et al. 2017).

Toward this aim, this paper brings for the
first time in the literature the development
of a fast and efficient analytical method able
to determine polyphenols and total tannins
content from leaves hydroethanolic extract
of S. cumini using FC method by ultraviolet
absorption spectrophotometry (UV-Vis).

MATERIALS AND METHODS

Chemical products, glasses, and solvents

All the used solvents were of analytical grade:
Phenol reagent (Folin-Ciocalteu ELL"), Sodium
Carbonate (Na,CO, PA. Dindmica®), Casein (PA.
Dinamica®). Quartz Cuvette was used. As a
standard for polyphenols, ultrapure tannic acid
(Vetec®), purity = 94% was utilized.

Equipment

Analytical balance BIOPRECISA” (type FA2104N),
water bath with agitation Novatecnica® (type
NT277), greenhouse with circulating air ETHIK
TECHNOLOGY" (type 420-6TD), cutting mill SOLAB®
(type SL-31), reactor by microwave CEM” (type
Discover System) spectrophotometer SHIMADZU®
(type UV/Vis-mini-1240) and spectrophotometer
MICRONAL” (type AJX-1900), were used.

Plant material

Flowering branches of a single S. cumini
were collected in the municipal district of
Santo Agostinho’s Cable (8229'86.07"S and
35206'45.29"W). The samples were identified by
botany Rita de Cassia Pereira, of the Agronomic
Institute of Pernambuco, under the number
90672.
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Experimental procedures

Sample preparation

The samples of leaves were treated with alcohol
to 70% (v/v). After, the sample was conducted
to the greenhouse of air circulating for 40 h
at 40 °C. Next, the dry leaves were pulverized
by cutting mill with 20 mesh sieve (0.84 mm),
obtaining a powdered dry plant material.

The hydroethanolic extract (HE-Sc) was
prepared by microwave assisted extraction
using a reactor according follow parameters:
200 W of power, 2 minutes of extraction time,
and 30 °C of maximum temperature. Ethanol:
water (111, v/v) was used as solvent. The ratio of
1g powdered plant material to 20 mL of solvent,
was used. After the end of the extraction, the
liquid extracts were filtered in cotton.

Development of the analytical method for
simultaneous quantification of Polyphenols
and total tannins

The method was based on Amorim et al. (2008),
which carried out the determination of total
tannins and total polyphenols by applying
the Folin-Ciocalteu reagent (FCR), calibration
curve with increasing concentrations of tannic
acid and reading at 760 nm. The calibration
curve was prepared through a curve-test with
8 concentrations: 0.5; 2.0; 4.0; 6.0; 8.0; 10.0; 12.0
and 14.0 pg.mL" of tannic acid (TA). In the curve-
test was added 1 mL of Na,CO, solution (7.5%,
p/v)and 700 pL FCR (10%, v/v). For evaluating
the amount necessary to obtain a linear reading
for polyphenols by spectrophotometer was used
500, 600, and 700 pL of FCR (10%, v/v).

After that, the aliquot of the extract (HE-
Sc) for reading in the spectrophotometer was
adjusted to 0.03 mL to obtaining a wavelength
absorbance between 500 to 550 nm for total
polyphenols. The residual polyphenol was
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originated by a complex of 6 mL of HE-Sc
dissolved in 12 mL of distilled water and 1 g of
casein.

To determine the ideal amount of casein,
the total tannins levels were quantified using
the following casein mass: 100; 250; 500;
750; and 1000 mg, maintaining the above
parameters. The ideal time of complexation
was defined by determination of total tannins
levels obtained during 3 h, 1:30 h, and 30 min of
time complexation. Results were expressed as
follows: milligram tannic acid equivalent (TAE)
per gram of dry extract (mg TAE g ext).

The choice of the casein mass and time of
complexation with the total tannins was defined
by the response in the assay that presented a
lower concentration of reagent and time, without
resulting in a statistically significant difference
between the analyzes.

All the tests were made in triplicate and
the scanning was realized using 760 nm of
wavelength by spectrophotometer.

Figures of merits evaluation

The specificity, linearity, limit of detection (LOD),
limit of quantification (LOQ), precision, accuracy,
and robustness parameters were evaluated
according to RDC 166/2017 (Anvisa 2017). These
parameters were appraised the purpose of
guarantee the credibility of the results displayed
by analytical method. Results were expressed
as microgram tannic acid equivalent (TAE) per
milliliter of extract (pg TAE mL"). All the tests
were realized in triplicate and the reliability of
the parameters was checked by the coefficient
of variation (CV%), not admitting values superior
to 15% as determined in the Herbal Medicines
legislation (Anvisa 2014). Furthermore, the results
were processed statistically by variance analysis
(ANOVA) One-Way or Two-Way, considering a
significance level of 5%.
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Preparation of extract stock solution

The extract stock solution (S-HE-Sc) was
prepared using 10 mL of HE-Sc diluted to 100 mL
with distilled water in volumetric flasks.

Specificity

The specificity of the method was established by
means of the overlap of the sample spectrum in
the 500 to 900 nm of range wavelength: standard
solution (6 pg TA mL") with 700 pL FCR, stock
solution (0.06 mL of S-HE-Sc in 10 mL distilled
water) with 700 pL FCR, and standard solution (6
pg TAE mL" in distilled water) without FC.

Linearity, limit of detection, and limit of
quantification

Analysis of three authentic curves, each one with
seven concentration levels of tannic acid (3 to 9
ng TA mL") was assessed to prove the linearity of
total polyphenols quantification method.

Analysis of three authentic curves, each
one with seven concentration levels of tannins
standard solution (3.54 to 7.98 ug TAE mL") was
assessed to prove the linearity of total tannins
quantification method. This standard solution
was developed by a stock solution of known
tannins concentration (5.1 ug TAE mL").

The curves were built using the rate
values of the absorbance in function of the
concentration of polyphenols and total tannins.
The results were processed statistically by linear
least-squares regression, in order to define the
determination coefficient (R?), embracing R* >
0.98 as least value according to RDC 166/2017,
also the angular coefficient significance was
evaluated (Anvisa 2017).

The LOD and LOQ were estimated according
to the equations: LOD = SD_ x 3/IC e LOQ = SD_ x
10/1C, in which SD, is the standard deviation of
the intercept with the axis Y that were obtained
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by three linearity curves and IC is the angular
coefficients rate (slope of the line) of their
respective curves (Anvisa 2017).

Robustness

The assay to determine the robustness was
performed by the variation of the brand of the
spectrophotometer (Shimadzu® and Micronal”)
and of the solution concentration of Na,CO,
7.5%, 10%, and 15% (v/v) 7.

Precision

The precision was evaluated by repeatability
and intermediate precision (Anvisa 2017). To
calculate the repeatability, in one single day by
a single analyst determined the concentration
of six samples at 100% (6.0 ug TAE mL" for total
polyphenols and 5.1 pg TAE mL" for total tannins)
obtainedfromthesixdistinctextractivesolutions.
To intermediate the precision, two analysts in
separate days assessed the concentration of the
three samples at 100% obtained from the three
distinct extractive solutions.

Accuracy

The accuracy was determined by recovery trials,
where 1 ug mL" of tannic acid was added to
samples containingthe following concentrations:
4.8:6.0; and 7.2 pg TAE mL" of total polyphenols
and 4.2; 51; and 6 pg TAE mL" of total tannins.
These concentrates are equivalent to 80,100, and
120%, respectively. The recovery measures were
expressed in percentages and calculated by the
ratio of the mean concentrations determined
experimentally (real value) and corresponding
theoretical concentrations (Anvisa 2017).
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RESULTS AND DISCUSSION

Development of the calibration curve

The FCR contains molybdenum VI, so phenolic
compounds are determined based on the
reduction of Mo® to Mo® which is blue and
can be measured optically at 730 nm. The FC
method may be useful in characterizing and
standardizing botanical samples. Likewise,
FC method also may be used to quantify total
tannins specifically providing that the sample
be purified (Amorim et al. 2008).

Above all, the assays using protein
precipitation are the method most advisable
to determine tannins, once by definition are
substance that has the property of associating
and combining with proteins (Monteiro et al.
2005). Recognizing this, total tannins level
corresponds to the difference between the
value of total polyphenols and residuals
polyphenols. This way, residuals polyphenols
value corresponds to supernatant from reaction
of total tannins complexation with a protein, as
described by British-Pharmacopeia (2007).

Phenolic compound is defined as substance
thathasinitsstructurearomaticringwhich oneor
more hydroxylsubstitutesincludingits functional
groups. Phenolic acid, cumarins, flavonoids,
and tannins are classified as polyphenols.
Polyphenols are secondary metabolites in plants
and to date more than 8000 polyphenols have
been identified (Khan et al. 2019). Flavonoids
and tannins are the most highlighted for having
wide range of therapeutic indications, such as
anti-inflammatory, anticarcinogenic, cicatrizing,
antifungal, antibacterial and antioxidant actions
(Zhang et al. 2019). Moreover, tannins have been
recognized by its potent antimicrobial activity
(Baldissera et al. 2016, Zhan et al. 2017).

In view that S. cumini has tannins as
majority phenolic components in its leaves
(Ayyanar & Subash-Babu 2012). Herein the
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standard calibration curve was development
within of range concentration able to quantify
total polyphenols (TP) and total tannins (TT).
A standard calibration curve with larger and
growing distribution of concentrations was
necessary, once the value of total tannins level
is obtained by difference of value of TP contents
and residual polyphenols (RP) contents.

Standard curves built with 500 and 600 pL of
FCR had not differences statistically significant
among their absorbance value. However, their R?
values were less than 0.99 not showing linearity
within range chosen. The standard curve with
R® satisfactory was it built with 700 pL of FCR,
presenting R? = 0.9924 and y = 0.0481x + 0.0445
as straight line equation (Figure 1).

This result is associated with saturation
of FCR by TP in the curves built with 500 and
600 pL of FCR, once FCR method depends on
the selective oxidation of compounds to express
the TP content. Thus, 700 puL of FCR was the
concentration minimum necessary to provide
linearity for standard curve.

Definition of Casein Mass and Complexation
Time
The results of the TT content increased with
increasing casein mass (Table I) showing
the mass of casein 1000 mg as the ideal
concentration. This fact indicates the saturation
of casein by total tannins, once TT = TP - RP.
Therefore, it is expected due to the presence
of high concentration of tannins in the leaf
extract of S. cumini (Verza et al. 2007, Baldissera
et al. 2016). In addition, this result corroborates
current data suggesting that microwave assisted
extraction (MAE) has excellent performance in
tannin extraction (Hoyos-Martinez et al. 2019).
Complexation time during 30 min, 1:30 h, and
3h presented 2.972 mg TAE g ext + 0.009, 3.043 mg
TAE g" ext + 0.009, and 2.989 mg TAE g" ext + 0.012
of TT levels, respectively. Nonetheless, there was
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Figure 1. Standard curves built with 500, 600 and 700 pL of Folin-Ciocalteu reagent / Work data; a = Standard curve
built with 500 pL of Folin-Ciocalteu reagent; b = Standard curve built with 600 pL of Folin-Ciocalteu reagent; ¢ =

Standard curve built with 700 pL of Folin-Ciocalteu reagent.

no difference significant statistical between the
results, hence the complexation time of 30 min
was selected to lead the experiments promoting
a faster analytical answer.

Validation of the analytical method

Specificity

Specificity is the ability of measuring, exactly
and specifically a substance of interest in a
specific range of wavelength, even when other
components are presents in the same sample.
According highlight in the Figure 2, the
samples without FCR there were no absorbance
in the wavelength range. On the other hand, in
the presence of FCR one can see absorbance

in the wavelength range shown the maximum
absorbance at 706 nm. Furthermore, there
was overlap of the spectrum of the standard
solution and S-HE-Sc when was added FCR in the
respectively solutions. As expected, FCR method
proved specificity in the total polyphenols
determination.

The results of quantification of TP and
TT showed tannins are the component
majority representing about 85% of TP from
hydroethanolic leaves extract of S. cumini by
MAE. So, corroborating with current data whereas
MAE is an excellent and may be specific method
to extract tannins (Hoyos-Martinez et al. 2019).
Furthermore, it is known that leaves of S. cumini
have high concentrations of tannins, which has
been associated a wide spectrum of action
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Table L. TT quantification according to increase mass
of casein.

T

Parameters (mg TAE g ext)  SD CV (%)
Casein 100 mg 2.378 £ 0.013 0.55
Casein 250 mg 2403 + 0.009 0.37
Casein 500 mg 2.622 + 0.063 2.29
Casein 750 mg 2.701 + 0.008 0.31
Casein 1000 mg 2912 + 0.006 0.19

Work data; CV = Coefficient of Variation; SD = Standard
Deviation; TAE = Tannic Acid; Equivalent; TT = Total Tannins.

against fungi and bacteria. Once tannins have
ability to complex with metal ions, and other
molecules mainly proteins and polysaccharides,
as well as it has antioxidant activity and
free radical scavenger. (Chandrasekaran &
Venkatesalu 2004, Bitencourt et al. 2017, Yadav
et al. 2017).

Linearity, limit of detection, and limit of
quantification

The linearity of a method proves that
the absorbance value obtained by
spectrophotometer has dependent correlation
with concentration of sample.

The method showed linearity,homoscedastic
and with independent residues values within
the range chosen for TP, presenting R* of 0.996
(y = 0.0729x — 0.0396) and 0.998 (y = 0.0642x +
0.0172) to standard solution and extractive
solution, respectively. The LOD and LOQ results
highlight in the Table II, showed reliability and
sensibility to detection and quantification of TP
from leaves extracts of S. cumini.

The linearity for TT was verified from the
extractive solution (S-HE-Sc) and standard
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solution by analyzing three authentic curves.
The method showed linearity, homoscedastic
and with independent residues values within
the range chosen for TT, presenting R* of 0.998
(y = 0.0716x — 0.0134) and 1 (Y=0.0729x — 0.0396)
to standard solution and extractive solution,
respectively. The LOD and LOQ results highlight
in the Table I, showed reliability and sensibility
to detection and quantification of TT from leaves
extract of S. cumini.

According the results was possible observe
the methodology using FCR by UV-Vis supplies
reliable results with a high sensibility to detect
and quantify TP and TT present in leaves extract
of S. cumini.

Robustness

Robustness is defined as the capacity of
the method to be unaffected by a small and
deliberate modification of its parameters. For
this reason, alkaline solution at pH ~ 10 is a
critical step for method due to dissociation of
a phenolic proton which leads to the formation
of a phenolate ion reducing the FCR (Sanchez-
Rangel et al. 2013). So, this pH is reached by
adding sodium carbonate. Moreover, changes
in pH may affect both the grade of ionization
of the molecules and the solubility properties
in the sample (Amorim et al. 2008). However,
both the increase in sodium carbonate and the
change of the equipment brand did not caused
variation in the quantification results (Table I11).
So, the methodology developed provided robust
quantification results of TP and TT.

Precision

The methodology presented repeatability
shown 6.642 ug TAE mL" + 0.858 (CV=12.91%) and
5.621 pg TAE mL" + 0.829 (CV=13.24 %) for TP and
TT, respectively. The rehearsal of intermediate
precision demonstrated satisfactory results
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Table Il. Linearity results.

Merits evaluation
LOD
LOQ
TP
Cochran’s Test
Durbin-Watson Test
LOD
LOQ

Cochran’s Test

Durbin-Watson Test

1
1000

Standard Solution
0.083 pg mL’
0.314 pg mL'

0.674 (p-value)
0.298 (p-value)
0100 pg mL"
0.894 pg mL’
1 (p-value)

0.963 (p-value)
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Figure 2. Scanning spectra
used in the specificity
analysis with and without
the addition of Folin-
Ciocalteu to determine
polyphenols for S. cumini.

Extractive Solution
0.275 pug TAE mL’
1.046 pg TAE mL’

1 (p-value)
0.963 (p-value)
0102 pg TAE mL’
0.912 pg TAE mL’
0.709 (p-value)

0.967 (p-value)

Work data; LOD - Limit Of Detection; LOQ - Limit Of Quantification; TAE = Tannic Acid Equivalent; TP = Total Polyphenols; TT =

Total Tannins.

Table Ill. Robustness results.

Parameters TP level
pg TAE mL" £ SD
Sodium Carbonate 10% 6194 + 0.009
Sodium Carbonate 15% 6.266 *+ 0146
Shimadzu® Equipment 6.365 + 0.472
Micronal® Equipment 6.732 + 0162

TT level
ug TAE mL" £ SD

5.777 + 0118
5.652 + 0140
6.334 + 0.212

6.615 + 0.289

F. calculated F. tabulated TP/
TP/TT T
1189/ 1.997 5.318/ 5.591
3.572/1.847 7.709/ 7.709

Work data; SD = Standard Deviation; TP = Total Polyphenol; TT = Total Tannins; TAE = Tannic Acid Equivalent; F. calculated = work

data results; F. tabulated = expectated results by ANOVA.
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(Anvisa 2014) for TP and TT quantification
highlight in the Table IV.

Accuracy

In the accuracy assay was obtained a rate
percentage of recovery of 99.07% and 100% for
polyphenols and total tannins, respectively
(Table V). These data are within the range
required by current legislation (80 to 120%)
(Anvisa 2017).

In resume, this work presented an analytical
methodology by UV-Vis advisable to determine
TP and TT from hydroethanolic extract of S.
cumini. Furthermore, the results confirming
the presence of polyphenols in the leaves of
S. cumini, among them, tannins showed to be
as majority compound presenting about 85%

Table IV. Intermediate Precision.

Compund Parameters (V%) (1)
TP Days 1e 2 7169 + 0.708 (9.87)
Analysts 1e 2 6.233 + 0.072 (116)
T Days 1e?2 6.280 + 0113 (1.80)

Analysts 1e 2 5.695 + 0.091 (1.59)

Level pg TAE mL" + SD

POLYPHENOLS AND TOTAL TANNINS DETERMINATION

of TP. Moreover, the data suggest the MAE is an
excellent technique to extract tannins.

The presented protocol showed to be fast,
specific with peak maximum for polyphenols
at 706 nm wavelength, linear (R*> 0.99), precise
presenting 6 pg TAE mL" and ug TAE mL" as 100%
of concentration for TP and TT, respectively.
Furthermore, the methodology was exact with
rate percentile of recovery of 99.07% and 100%
for polyphenols and total tannins, respectively,
aswellas robust, cheap, and with high sensibility
of detection (TP = 0.275 pg TAE mL": TT = 0102 pg
TAE mL") and quantification (TP = 1.046 pg TAE
mL" TT = 0.912 pg TAE mL"). The methodology
could be recommended to determine TP and
TT levels present in vegetable species, as well
as standardization and characterizing vegetable
extracts.

Level ug TAE mL" + SD

(cvs) (2) F iabutated calculated
7.211+ 0119 (1.65) 5.317 1222
6151 + 0103 (1.68) 3466 0.020

6.261 + 0.829 (13.24) 5.317 0.001
5.858 + 0.080 (1.37) 7.708 5.467

Work data; SD = Standard Deviation; CV = Coefficient of variation; F. calculated = work data results; F. tabulated = expectated
results by ANOVA; TAE = Tannic Acid Equivalent; TP = Total Polyphenols; TT = Total Tannins.

Table V. Recovery results.

Compound Extractive Solution + TA Theoretical Value Real Value * SD Recovery
480 pg TAEmL' + 1 pg TA mL” 5.80 pg TAE mL” 5.77 pg TAE mL" +0.002 99.48%
TP 6.00 pg TAE mL" + 1 pg TA mL’ 7.00 pg TAE mL’ 6.97 pg TAE mL" +0.005 99.57%
7.20 pg TAE mL" + 1 pg TA mL” 8.20 pg TAE mL’ 8.05 pg TAE mL" +0.002 9817%
420 ug TAE mL" + 1 ug TA mL' 5.20 ug TAE mL" 520 ug TAE mL" +0.017 100,00%
T 514 pg TAE mL' + 1 pg TA mL 614 pg TAE mL 615 pg TAE mL" £0.019 10016%
6.05 pg TAE mL" + 1 pg TA mL” 7.05 pg TAE mL' 7.05 pg TAE mL" £0.019 100.00%

Work data; SD = Standard Deviation; TAE = Tannic Acid Equivalent; TA = Tannic Acid; TP = Total Polyphenols; TT = Total Tannins.

An Acad Bras Cienc (2021) 93(2) e20190373 9|1



CAMILA L. GOMES et al.

Acknowledgments

The authors would like to thank all the members of the
Laboratory of Medicine Technology - UFPE (Brazil) for
the precious assistance in the production of the work.

REFERENCES

ALVES LDS, ROLIM LA, FONTES DAF, ROLIM-NETO PJ, SOARES
MFLR & SOARES SOBRINHO JL. 2010. Desenvolvimento de
método analitico para quantificacao do efavirenz por
espectrofotometria no uv-vis. Quim Nova 33(9): 1967-1972.

AMORIM ELC, NASCIMENTO JE, MONTEIRO JM, SOBRINHO TJSP,
ARAUJO TAS & ALBUQUERQUE UP. 2008. A simple and
accurate procedure for the determination of tannin and
flavonoid levels and some applications in ethnobotany
and ethnopharmacology. Functional Ecosystems and
Communities 88-94.

ANVISA. 2014. Portaria no 650, de 29 de maio de 2014
- guia de orientacao para registro de medicamento
fitoterapico e registro e notificacao de produto
tradicional fitoterapico. Brasilia: Agéncia Nacional de
Vigilancia Sanitaria-ANVISA.

ANVISA. 2017. Rdc n® 166, de 24 de julho de 2017. Guia
para validacao de métodos analiticos Brasilia: Agéncia
Nacional de Vigilancia Sanitaria -ANVISA.

AYYANAR M & SUBASH-BABU P. 2012. Syzygium cumini (L.)
skeels: A review of its phytochemical constituents and
traditional uses. Asian Pac ) Trop Biomed 2(3): 240-246.

BALDISSERA G ET AL. 2016. Effects of crude hydroalcoholic
extract of Syzygium cumini (L.) skeels leaves and
continuous aerobic training in rats with diabetes induced
by a high-fat diet and low doses of streptozotocin. )
Ethnopharmacol 194: 1012-1021.

BITENCOURT PER ET AL. 2017. Nanoparticle formulation
increases Syzygium cumini antioxidant activity in
candida albicans-infected diabetic rats. Pharm Biol
55(1): 1082-1088.

CARMONA F & PEREIRA AMS. 2013. Herbal medicines: Old
and new concepts, truths and misunderstandings. Rev
Bras Farmacogn 23(2): 379-385.

CHANDRASEKARAN M & VENKATESALU V. 2004. Antibacterial
and antifungal activity of syzygium jambolanum seeds. |
Ethnopharmacol 91(1): 105-108.

CHEN LY, CHENG CW & LIANG JY. 2015. Effect of esterification
condensation on the folin—-ciocalteu method for the
quantitative measurement of total phenols. Food Chem
170: 10-15.

CHHIKARA N, KAUR R, JAGLAN S, SHARMA P, GAT Y & PANGHAL
A. 2018. Bioactive compounds and pharmacological and
food applications of Syzygium cumini - a review. Food
Funct 9(12): 6096-6115.

POLYPHENOLS AND TOTAL TANNINS DETERMINATION

DOMINGUEZ-RODRIGUEZ G, MARINA ML & PLAZA M. 2017.
Strategies for the extraction and analysis of non-
extractable polyphenols from plants. ] Chromatogr A
8(1514): 1-15.

FIGUEIREDO CBM, ALVES LDS, SILVA CCAR, SOARES MFLR,
FERREIRA PA, SILVA RMF & ROLIM-NETO PJ. 2015. Doseamento
de flavonoides totais das partes aéreas de Thuja
occidentalis Linn. (Cupressaceae). Rev Ciénc Farm Basica
Apl 36(4): 509-516.

HADDOUCHI F, CHAOUCHE TM, KSOURI R, MEDINI F, SEKKAL FZ
& BENMANSOUR A. 2014. Antioxidant activity profiling by
spectrophotometric methods of aqueous methanolic
extracts of helichrysum stoechas subsp. Rupestre and
phagnalon saxatile subsp. Saxatile. Chin J Nat Med 12(6):
415-422.

HOYOS-MARTINEZ PL, MERLE J, LABIDI J & CHARRIER - EL
BOUHTOURY F. 2019. Tannins extraction: A key point for
their valorization and cleaner production. J Clean Prod
206: 1138-1155.

HUYNH-BA K & SASSI AB. 2018. Anvisa: An introduction to
a new regulatory agency with many challenges. AAPS
Open 4(1): 9.

JAGETIA GC. 2017. Phytochemical composition and
pleotropic pharmacological properties of jamun,
Syzygium cumini skeels. ] Explor Res Pharmacol 2(2):
54-66.

KHAN H, SUREDA A, BELWAL T, CETINKAYA S, SUNTAR i, TEJADA
S, DEVKOTA HP, ULLAH H & ASCHNER M. 2019. Polyphenols in
the treatment of autoimmune diseases. Autoimmun Rev
18(7): 647-657. doi: 101016/ j.autrev.2019.05.001.

LUO Y, LI WL & QU HB. 2016. Research progress on method
validation of near infrared spectroscopy in quantitative
analysis. Zhongguo Zhong Yao Za Zhi 41(19): 3515-3519.

MAHMOUD I, MARZOUK MS, MOHARRAM FA, EL-GINDI MR &
HASSAN AM. 2001. Acylated flavonol glycosides from
Eugenia jambolana leaves. Phytochemistry 58(8):
1239-1244,

MARMITT DJ, BITENCOURT S, SILVA AC, REMPEL C & GOETTERT MI.
2018. The healing properties of medicinal plants used in
the brazilian public health system: A systematic review. J
Wound Care 27(6): S4-S13.

MARQUES GS, SILVA CCAR, VILELA WT, SILVA CAA, MEDEIROS
GCR, SILVA RMF & ROLIM-NETO PJ. 2014. Optimization
and validation of a method for the quantification of
polysaccharides of Thuja occidentalis Linn. Int ] Pharm
Sci Res 5(8): 3183-3194.

MONTEIRO JM, ALBUQUERQUE UP, ARAUJO EL & AMORIM ELC.
2005. Taninos: Uma abordagem da quimica a ecologia.
Quim Nova 28(5): 892-896.

MUNDY L, PENDRY B & RAHMAN M. 2016. Antimicrobial
resistance and synergy in herbal medicine. ] Herb Med
6(2): 53-58.

An Acad Bras Cienc (2021) 93(2) e20190373 10 | 11



CAMILA L. GOMES et al.

PARK BS, LEE HK, LEE SE, PIAO XL, TAKEOKA GR, WONG RY,
AHN YJ & KIM JH. 2006. Antibacterial activity of tabebuia
impetiginosa martius ex dc (taheebo) against
helicobacter pylori. ) Ethnopharmacol 105(1-2): 255-262.

RAMIREZ-SANCHEZ |, MAYA L, CEBALLOS G & VILLARREAL
F. 2010. Fluorescent detection of (-)-epicatechin in
microsamples from cacao seeds and cocoa products:
Comparison with folin-ciocalteu method. ) Food Compos
Anal 23(8): 790-793.

RICCI A, PARPINELLO GP, PALMA AS, TESLIC N, BRILLI C, PIZZI
A & VERSARI A. 2017. Analytical profiling of food-grade
extracts from grape (Vitis vinifera sp.) seeds and skins,
green tea (camellia sinensis) leaves and limousin oak
(quercus robur) heartwood using maldi-tof-ms, icp-ms
and spectrophotometric methods. ] Food Compos Anal
59: 95-104.

SANCHEZ-RANGEL JC, BENAVIDES J, HEREDIA BJ, CISNEROS-
ZEVALLOS L & JACOBO-VELAZQUEZ DA. 2013. The folin-
ciocalteu assay revisited: Improvement of its specificity
for total phenolic content determination. Anal Methods
5:5990-5999.

SIMMLER C, GRAHAM JG, CHEN SN & PAULI GF. 2018. Integrated
analytical assets aid botanical authenticity and
adulteration management. Fitoterapia 129: 401-414.

SRIVASTAVA S & CHANDRA D. 2013. Pharmacological
potentials of Syzygium cumini: A review. J Sci Food Agric
93(9): 2084-2093.

VERZA SG, KREINECKER MT, REIS V, HENRIQUES AT & ORTEGA GG.
2007. Avaliagao das variaveis analiticas do método de
folin-ciocalteu para determinacao do teor de taninos
totais utilizando como modelo o extrato aquoso de
folhas de psidium guajava L. Quim Nova 30(4): 815-820.

YADAV AK, SARASWAT S, SIROHI P, RANI M, SRIVASTAVA S, SINGH
MP & SINGH NK. 2017. Antimicrobial action of methanolic
seed extracts of Syzygium cumini Linn. On bacillus
subtilis. AMB Express 7(1): 196.

ZHAN F, SHENG F, YAN X, ZHU Y, JIN W, LI J & LI B. 2017.
Enhancement of antioxidant and antibacterial
properties for tannin acid/chitosan/tripolyphosphate
nanoparticles filled electrospinning films: Surface
modification of sliver nanoparticles. Int ) Biol Macromol
104: 813-820.

ZHANG H, QI R & MINE Y. 2019. The impact of oolong and
black tea polyphenols on human health. Food Biosci 29:
55-61.

How to cite

GOMES CL, SILVA CCAR, DE MELO CG, FERREIRA MRA, SOARES LAL, DASILVA
RMF, ROLIM LA & ROLIM NETO PJ. 2021. Development of an analytical
method for determination of polyphenols and total tannins from leaves
of Syzygium cumini L. Skeels. An Acad Bras Cienc 93: €20190373. DOI
10.1590/0001-3765202120190373.

POLYPHENOLS AND TOTAL TANNINS DETERMINATION

Manuscript received on April 1, 2019;
accepted for publication on July 17, 2019

CAMILA L. GOMES'
https://orcid.org/0000-0002-0585-7308

CAIO C.AR. SILVA™?
https://orcid.org/0000-0001-8380-8301

CAMILA G. DE MELO'
https://orcid.org/0000-0003-3647-6142

MAGDA R.A. FERREIRA'
https://orcid.org/0000-0001-8668-6223

LUIZ A.L. SOARES'
https://orcid.org/0000-0002-3142-6173

ROSALI M.F. DA SILVA'
https://orcid.org/0000-0002-4139-6035

LARISSA A. ROLIM?
https://orcid.org/0000-0002-2403-1026

PEDRO J. ROLIM NETO'
https://orcid.org/0000-0003-0723-2587

'Universidade Federal de Pernambuco (UFPE), Centro de
Ciéncias da Sadde, Departamento de Ciéncias Farmacéuticas,
Av. Prof. Arthur de S4, s/n, 50740-525 Recife, PE, Brazil

Universidade Federal do Vale do Sdo Francisco
(UNIVASF), Central de Analise de Farmacos,
Medicamentos e Alimentos, Av. José de Sa Manicoba,
s/n, Centro, 56304-205 Petrolina, PE, Brazil

’Laboratorio Farmacéutico do Estado de Pernambuco
Governador Miguel Arraes (LAFEPE), Largo de Dois
Irmaos, 1117, Dois Irmaos, 52171-010 Recife, PE, Brazil

Correspondence to: Pedro José Rolim Neto
E-mail: rolim.pedro@gmail.com

Author contributions

CLG, CCARS, CGM, MRAF, LALS, RMFS, LAR and PJRN conceived
and planned the experiments. CLG, CCARS, CGM and MRAF
carried out the experiments. CLG, CCARS, MRAF, RMFS and PJRN
contributed to the interpretation of the results. All authors
discussed the results and contributed to the final manuscript.

[@)sy |

An Acad Bras Cienc (2021) 93(2) e20190373 11| 11



