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Abstract: In this research, for the first time, an alternative method to produce Ribes nigrum bud
derivatives is presented. Pulsed ultrasound-assisted extraction (PUAE), using a food-grade solvent
according to green chemistry principles, has been employed and compared to the conventional
extraction method. Traditionally, bud derivatives, a category of botanicals marketed as plant food
supplements in the European Community, are produced by macerating meristematic tissues of trees
and plants mainly spontaneously collected. Buds are a challenging raw material for the UAE, since
meristematic tissues are much softer and fragile than their corresponding adult phenological stage.
It is therefore important to assess whether the polyphenolic fraction, very susceptible to degradation,
is conserved after UAE. Untargeted polyphenolic fingerprints (UV-Visible and fluorescence) coupled
with chemometrics are employed to quickly screen the best extraction conditions, evaluated by the
design of experiment (DoE) method. The polyphenolic fraction of the optimized PUAE extract was
quantified by targeted HPLC fingerprint and its antiradical activity was determined. PUAE on a lab
pilot reactor was proven to be the most practical approach for a rapid (20 min vs. 21 days maceration)
and efficient extraction of bioactive polyphenolics from Ribes nigrum buds, encouraging the scale up
to an industrial plan.

Keywords: phenolic compounds; bud derivatives; Ribes nigrum glyceric macerate; green
chemistry; pulsed ultrasound-assisted extraction; untargeted spectroscopic fingerprint; targeted
chromatographic fingerprint

1. Introduction

FINNOVER “Innovative strategies for the development of crossborder green supply chains” is an
Interreg ALCOTRA Italy/France transfrontier cooperation project (2017-2020) whose main target is
the “green” implementation of some agro-industrial chains [1]. Particularly, the project supports the
creation of both innovative and eco-sustainable production chains of botanicals in order to valorize the
biodiversity of the ALCOTRA territory. One of the main natural products studied in FINNOVER are
bud derivatives, which represent a relatively new category of botanicals marketed, in the European
Community, as plant food supplements according to the Directive 2002/46/EC of the European
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Parliament [2,3]. Bud derivatives are obtained by cold maceration in solvents (i.e., ethanol and glycerol)
of fresh meristematic tissues of trees and plants (i.e., buds and young sprouts) as reported in the
European Pharmacopoeia VIII edition (2014) [2,4,5]. These botanicals are still poorly studied, although
they are widely used in gemmotherapy, a branch of phytotherapy that exploits the properties of these
plant extracts for medicinal purposes [6]. The peculiarity of meristematic tissues in this particular
phenological stage concerns their fragile texture and the high content of compounds which constitute
the bud phytocomplex. In fact, these substances, including mainly flavonoids, enzymes, vitamins,
aminoacids, nucleic acids, and plant hormones, are often present only in trace in the corresponding
adult tissues [5].

In this research, a sonochemical application with a green chemistry approach was presented.
Particularly, pulsed ultrasound-assisted extraction (PUAE) was employed as alternative method to
quickly produce new bud derivatives in comparison to the long traditional maceration in solvent
(21 days) taking under control their total phenolic fraction and antiradical activity to monitor possible
PUAE-induced degradations. Ribes nigrum buds (RNB) were used as case study due to their common
use in herbal medicine for their potential health properties. The most important industrial products
of R. nigrum are its berries, which contain very high amounts of bioactive compounds, particularly
flavonoids, phenolic compounds, and anthocyanins [7-9]. However, R. nigrum bud derivatives also
contain high amounts of polyphenols, representing more than 60% of the bud phytocomplex [7], and
they are widely used for inflammatory, circulatory, respiratory, and cutaneous disorders [10].

Ultrasounds (UAE—ultrasound-assisted extraction) together with microwaves (MAE—microwave-
assisted extraction), supercritical fluids (SCF), and pulsed electric fields (PEF), are emerging “green”
extraction technologies [11]. According to the six principles of the green extraction introduced by
Chemat and colleagues [12] and to the twelve principles of green chemistry set by the Environmental
Protection Agency of USA [13], these eco-compatible extraction techniques, with respect to conventional
methods, aim to reduce the environmental impact in terms of time and energy. Moreover, they reduce
both the quantities of solvents employed, preferring alternative solvents (water or food-grade solvents),
and the generation of waste, hazardous substances, and consequently pollution [11,14]. In particular,
UAE is a relatively simple, cheap, and efficient alternative to conventional extraction techniques whose
main benefits are faster kinetics and increased extraction efficiency [15,16]. In fact, UAE allows one to
quickly extract, with high reproducibility both on small and large scale, a wide variety of bioactive
compounds (i.e., aromas, pigments, antioxidants, and organic and mineral compounds) from several
animal tissues, plants, or food matrices [15,17]. However, the effects of ultrasound on the extraction
yield may be linked to the nature of the matrix. Therefore, the experimental conditions of UAE
must be optimized for each matrix [18]. In a solid/liquid media, the ultrasound waves originate the
cavitation phenomena, a succession of different phases of compression and rarefaction which generates
cavitation bubbles in the liquid. The implosion of the cavitation bubbles on the surface of the solid
material generate microjets, at very high temperature and pressure, which destroy the wall cells of the
matrix, with the consequent recovery of the intracellular content in the extraction solvent. There are
several mechanisms involved (i.e., fragmentation, erosion, sonoporation, detexturation, capillarity)
which independently or in combination influence the final ultrasound extraction yield [17]. When
UAE is used in a pulsed mode (PUAE), the ultrasound processor works intermittently during the
entire extraction process (active time vs. inactive time). This extraction mode reduces the operating
temperature, allowing the extraction of thermolabile compounds and decreasing the possibility to
produce alterations (i.e., oxidation products) in the final extract [19].

Untargeted phytochemical fingerprints coupled with chemometrics [2,20], particularly the
UV-Visible and fluorescence spectra of each extract as multivariate response variables, have been
employed to quickly screen the best experimental conditions of PUAE investigated by the design of
experiment (DoE) method [21]. Finally, the extract obtained by PUAE in the optimized conditions
has been characterized using targeted phytochemical fingerprinting by HPLC [2,22,23] in order to
identify and quantify the main polyphenolic compounds. The polyphenolic fraction has been selected
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as the marker of activity and degradation susceptibility in order to make a comparison with the
corresponding R. nigrum glyceric macerate (RNGM), representing the commercial product.

2. Materials and Methods

2.1. Bud Collection

RNB were collected from plants cultivated in the Bronda valley (Cuneo, Italy), particularly in the
municipality of Pagno (44.597,7.424-44.598,7.424) and Brondello (44.603,7.422-44.603,7.418) in March
2018. Buds, after being certified by a botanical expert, were employed by an Italian Company of food
supplements (Geal Pharma, Bricherasio, Turin, Italy) for the production of the corresponding RNGM.
Particularly, the fresh merystematic tissues were immediately used after their collection in order to
preserve their bioactive compounds. Both the traditional procedure for preparing glyceric macerates,
according to the European Pharmacopoeia VIII edition, and an alternative method that exploits the
action of ultrasounds have been used and compared for the production of the corresponding extracts
(RNGM and RNS).

2.2. Chemicals

Ethanol and glycerol were supplied by VWR International S.r.1 (Milan, Italy) and GealPharma
(Bricherasio, Turin, Italy), respectively. All the standards employed for the HPLC analysis were
purchased by Sigma-Aldrich (St. Louis, MO, USA). The purity of all the standards employed was
>95%. Ultrapure water (18 M(Q)) was produced by a Millipore Milli-Q system (Bedford, MA, USA) and
used throughout.

2.3. Traditional Preparation of R. nigrum Glyceric Macerates

RNGM was produced according to the indications of the European Pharmacopoeia VIII edition
(2014), referring to the procedure reported in the French Pharmacopoeia [4]. Particularly, a mixture of
glycerol/ethanol 96% (1:1 w/w) as extraction solvent and a solid—solvent ratio 1:20 between buds and
solvent (considering the dry weight) were employed. The phytocomplex extraction from RNB involved
several steps: a cold maceration for 21 days, followed by a preliminary filtration, a manual pressing,
and, at the end, a second filtration with filter paper (Whatman n. 1) after 2 days of decanting [2,5].
The obtained extracts, which represent the commercial product marketed by GealPharma, were stored
at 4 °C in the dark until further analysis.

2.4. Alternative Method to Produce R. nigrum Bud Derivatives: Pulsed Ultrasound-Assisted
Extraction (PUAE)

PUAE was carried out directly by an Hielscher UP200St (Teltow, Germany) in pulsed mode, with
an ultrasonic titanium probe (7 mm diameter) able to transfer, with high efficiency, the acoustic energy
into the treated media [2,24,25]. Fresh RNB were finely ground by a Grindomix 200 M (Retsch, Haan,
Germany), for 20 s at 5000 rpm, and then sieved by a 150 um sieve. Twenty grams of a glycerol/ethanol
96% mixture 1:1 w/w were added to 1 g (dry weight) of ground RNB in a polypropylene 50 mL
centrifuge tube. The samples were processed in a 200 W ultrasonic processor at a constant frequency
of 26 kHz, with an amplitude level of 30%, optimized in a previous paper from the authors [26],
keeping temperature under control always below 70 °C. The pulse duration and pulse interval refer
to “on” and “off” times of the sonicator. The same mixture of glycerol/ethanol 96% (1:1 w/w) and the
same solid—-solvent ratio 1:20 between buds and solvent (considering the dry weight), as described
in the Section 2.3, were employed. The duty cycle (pulse) and the extraction time (65% and 20 min,
respectively) were optimized by applying DoE (Table 1). The obtained suspension was then filtered by
Buchner (Whatman n. 44 paper) and the filtrate was centrifuged at 3000 rpm for 10 min. The obtained
solutions were stored at 4 °C until the analysis time.
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Table 1. Experimental matrix of the Faced Central Composite Design, the experimental plan (in
brackets), and the obtained response variable (Y).

Experimental Conditions Response Variable
Experiment X X, Y
Duty Cycle (%) Extraction Time (min) PC; Scores
RN1 -1 (50) -1(10) 3.222515159
RN2 +1 (80) -1(10) 2.256792019
RN3 -1 (50) +1 (20) 0.834250201
RN4 +1 (80) +1 (20) —0.535350397
RN5 -1 (50) 0(15) 0.587361402
RN6 +1 (80) 0(15) —1.165491045
RN7 0 (65) -1(10) -0.327200585
RN8 0 (65) +1 (20) —2.638815847
RN9 0 (65) 0(15) —2.234060907

2.5. Untargeted Fingerprints of The R. nigrum Phytocomplex

2.5.1. UV-Visible Spectroscopy

An Agilent UV-Vis spectrophotometer Cary 100 (Varian Co., Santa Clara, CA, USA) with 0.5 nm
resolution, was employed to record all the UV-Vis spectra of the extracts and the corresponding glyceric
macerates of R. nigrum. Before being analyzed, all the samples were properly diluted 1:20 in the same
extraction mixture (glycerol/ethanol 96% 1:1 w/w). The total spectrum of each analyzed sample was
collected in duplicate at room temperature (25 + 1 °C), against a blank solution (i.e., the extraction
mixture), using rectangular quartz cuvettes with 1 cm path length. For each sample, the resulting
spectra were averaged and used as vector of variables to build the data matrix.

2.5.2. Fluorescence Spectroscopy

The excitation—emission fluorescence spectra were recorded in duplicate at room temperature
(25 £ 1 °C) by a Perkin-Elmer LS55B luminescence spectrometer (Waltham, MA, USA) using the
traditional right angle fluorescence spectroscopic technique [27]. A standard cell holder and a 10 mm
quartz SUPRASIL® cell with volume of 3.5 mL by PerkinElmer were used. The emission spectra were
recorded in the range of 450-800 nm, exciting samples at a fixed wavelength (A ex = 430 nm) [20]. Both
the excitation and the emission monochromator slits were set to 10 nm, with high gain and 600 nm/min
of speed. The same dilution of all the samples, at the ratio of 1:20 with the solvent, was evaluated. For
each sample, the resulting emission spectra were averaged and used as vector of variables to build the
data matrix combing them together with the previous described UV-Vis spectra.

2.6. Experimental Design and Multivariate Data Analysis

DoE was used to optimize the experimental conditions of PUAE from RNB. A Faced Central
Composite Design (2k + 2X + 1) was applied with the aim to estimate the constant, the linear terms, the
interactions between variables, and the quadratic terms, according to the following model [21]:

Y = bo + b1X1 + b2X2 + b12X1X2 + b11X12 + b22X22

The experimental plan, illustrated in Table 1, summarizes the conditions of the nine experiments
performed (namely from RN1 to RN9). The minimum, intermediate, and maximum value of each
variables are labeled as —1, 0, and +1, respectively. A data matrix Mg 1402 consisting of nine rows (the
nine samples/extracts obtained by DoE) and 1402 columns (the vector of 701 absorbance values at
different wavelengths in the range of 230-500 nm of the UV-Vis spectra plus 701 fluorescence emissions
in the range of 450-800 nm of the fluorescence spectra), was prepared and further analyzed by the PCA,
a multivariate statistical technique of unsupervised pattern recognition. The scores on PC1 have been
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used as a response variable of the experimental design (Y). In detail, the standard normal variate (SNV)
transform, or row autoscaling, was previously performed on the spectral data in order to revise both
the baseline shifts and the global intensity variations [28]. Subsequently, PCA was performed using the
nonlinear iterative partial least squares (NIPALS) algorithm on the column-centered data [29]. After the
PCA, the scores on PC1, explaining the 90.3% of the total variance, were extracted and used as response
to elaborate DoE. DoE and multivariate data analysis were performed by CAT (Chemometric Agile
Tool) a chemometric software based on R, developed by the Chemistry Group of the Italian Chemical
Society [30]. The data matrix and the detailed PCA analysis is available as Supplementary Materials.

2.7. Analytical Determinations

The most promising extract obtained by PUAE and the corresponding glyceric macerate (RNGM),
in order to make a comparison, were characterized to evaluate their total phenolic contents (TPC) and
their radical scavenging activity (RSA). All the measurements were performed in duplicate and the
results are expressed as mean + standard deviation (SD). Statistical analysis was performed by the
Excel Data Analysis Tool (Microsoft Corporation, Seattle, WA, USA).

2.7.1. Determination of The Total Phenolic Compounds (TPC)

The Folin-Ciocalteu spectrophotometric method was applied to estimate the TPC of the R. nigrum
bud preparations [31]. 0.2 mL of sample appropriately diluted, 1 mL of Folin-Ciocalteu reagent
(diluted 1:10 with deionized water), 0.8 mL of aqueous sodium carbonate 7.5% w/v solution were
added in a test tube and vortexed. After an incubation period of 30 min at room temperature in the
dark, the absorbance was recorded at 760 nm by an Agilent 8453 UV-Vis spectrophotometer with
1 nm resolution. A calibration curve, using gallic acid as a standard, has been used to evaluate the
polyphenolic concentration. The TPC was expressed as milligrams of gallic acid equivalent (GAE)
pulled-out from 100 mL of bud extract (mg GAE/100 mL).

2.7.2. Determination of Radical Scavenging Activity (RSA)

The DPPHe assay was applied to evaluate the RSA of the R. nigrum bud preparations [32].
Determinations were performed as described in a previous paper [24]. The absorbance at 515 nm was
recorded by an Agilent 8453 UV-Vis spectrophotometer with 1 nm resolution. A multilevel calibration
with ascorbic acid as standard was used to evaluate the RSA and to express the results as milligrams of
ascorbic acid equivalent (AAE) in 100 mL of bud extract (mg AAE/100 mL).

2.8. HPLC Analysis

HPLC methods were used for phytochemical analysis both on R. nigrum bud preparations and
PUAE extracts. Analysis were focused on flavonols, phenolic acids (benzoic and cinnamic acids), and
catechins, as polyphenolic markers with a demonstrated health-promoting activity [33]. Bioactive
compounds were identified and quantified by comparison and combination of their retention times and
UV spectra with those of authentic standards. The calibration parameters for all the employed analytical
standards were previously reported by the authors [22,34]. The total bioactive compound content
(TBCC) was determined as sum of the selected and identified markers with health-promoting activities
and positive antioxidant effects on human health-status according to “multimarker approach” [35]:
phytochemicals were grouped into different bioactive classes in order to evaluate each class contribution
to phytocomplex composition. All analyses were triplicated and the results expressed as mg/100 g of
fresh weight (FW).

Samples were filtered with circular pre-injection filters (0.45 um, polytetrafluoroethylene
membrane) prior to HPLC-DAD analysis. Chromatographic analysis was carried out using an
Agilent 1200 High-Performance Liquid Chromatograph coupled to an Agilent UV-Vis diode array
detector (Agilent Technologies, Santa Clara, CA, USA), based on HPLC methods previously validated
for fresh fruits, herbal medicines, and other food products [2,22,23]. Chromatographic conditions
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were set in order to obtain a phytochemical information with a good resolution and a reasonable
analysis time.

Bioactive molecule separation was achieved on a Kinetex C18 column (4.6 mm X 150 mm, 5 um,
Phenomenex, Torrance, CA, USA). Different mobile phases were used for bioactive compound
characterization and several linear gradients in different slopes were optimized because some
compounds were similar in structure with each other in the same chemical class: (1) a solution
of 10 mM KH,PO4/H;PO, and acetonitrile with a flow rate of 1.5 mL-min~! (method A—analysis of
cinnamic acids and flavonols); (2) a solution of methanol/water/formic acid (5:95:0.1 v/v/v) and a mix of
methanol/formic acid (100:0.1 v/v) with a flow rate of 0.6 mL-min~! (method B—analysis of benzoic
acids and catechins). Selected wavelengths were suitable to achieve more specific peaks as well as a
smooth baseline after a full scan on the chromatogram from 190 to 400 nm; in particular, UV spectra
were recorded at 330 nm (A) and 280 nm (B). Information on used chromatographic methods and
selected markers are reported in the Supplementary material.

3. Results and Discussion

3.1. Optimization of The PUAE Experimental Conditions by DoE Using Untargeted Phytochemical Fingerprint

The PUAE conditions have been optimized by a Faced Central Composite Design (CCD), whose
results are shown in Table 1. The DoE response variable to be optimized was obtained by an untargeted
spectroscopic method combined with chemometrics previously described by the authors [2,20]. Briefly
each of the nine extracts, obtained according the experimental plan and spectroscopic analyzed,
was described by a vector of 701 UV-Vis absorbances plus 701 fluorescence emissions, as a holistic
nontargeted fingerprint 1402-dimensional of the corresponding extract. Since these multivariate
vectors of UV-Vis absorptions and fluorescence emissions (701 + 701 variables) of each extract have
been proven to be strictly correlated to the whole polyphenolic fraction of the extracts they were
combined in a multivariate data matrix: The DoE response matrix. This matrix, composed of nine rows
and 1402 columns (Mg 1492: nine objects corresponding to the nine experiments and 1402 variables
which represent the spectral absorptions/emissions), has been elaborated by principal component
analysis (PCA), an unsupervised patter recognition technique, in order to extract the useful analytical
information and to reduce its dimensionality.

The untargeted polyphenolic phytochemical fingerprints (UV-Vis absorptions and Fluorescence
emissions) of each extract obtained by DoE were reported in Figure 1 and compared with the
corresponding commercial product RNGM.

Figure 2 shows the score-plot on the first two principal components (PCs), whose explained
variance are 90.3% and 6.8%, respectively.

The first PC (PC1) retains all the useful information of the 1402 original variables and thus the
corresponding scores were used as the response variable of each experiment in the experimental matrix.
The other PCA details are reported in the Supplementary Materials (i.e., score matrix, loading matrix,
eigenvalues, explained variance plot). The following model of the CCD has been obtained by applying
multiple linear regression to the experimental matrix:

Y = —2.6708 — 0.6814X; * — 1.2487X, ** — 0.1010X; X, + 2.6000X;2 ** 1.4061X,2 *

* indicates the significance of the coefficients: * = p < 0.05, ** = p < 0.01.
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Figure 1. Untargeted spectroscopic fingerprints of the R. nigrum bud (RNB) phytocomplex: (a) The

UV-Vis averaged spectra (250-600 nm) of the nine experiments selected by the DoE and the corresponding

R. nigrum glyceric macerate (RNGM) tested at the same dilution (1:20 in the extraction solvent); (b) The

2D Fluorescence averaged spectral emissions (450-800 nm) of the nine experiments selected by the DoE

and the corresponding RNGM tested at the same dilution (1:20 in the extraction solvent).
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Figure 2. The score plot on the first two principle components (PCs) selected by principle

component analysis (PCA) using the vector of UV-Vis (250-600 nm) spectra coupled to fluorescence

(450-800 nm) absorptions of each extract (RN1-RN9) as a multivariate untargeted signal. The red +

represents the central point of the plot and the red circle highlights the extract obtained in the best

experimental conditions.
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All the linear and quadratic terms are significant as highlighted in the plot of the coefficients
(Figure 3).

Coefficients

Figure 3. The coefficients of the model of Y (PC1 scores) obtained by the Faced Central Composite
Design (X;: duty cycle; X;: extraction time). * = p < 0.05, ** = p < 0.01.

Particularly, the linear term X, (** = p < 0.01) corresponding to the extraction time, the quadratic
term X;2 (** = p < 0.01), the linear term X; (* = p < 0.05) corresponding to the duty cycle, and the
quadratic term X,2 (* = p < 0.05) are the statistically significant coefficients. They should be increased or,
on the contrary, decreased to improve or to minimize the Y response variable respectively. Experiments
whose scores on PC1 are negative (Figure 2) correspond to the highest absorptions/emissions of the
phytocomplex as shown in Figure 1, thus they must be decreased. RN8 represents the best experimental
conditions and this extract has been analytically characterized and compared with RNGM.

3.2. Analytical Characterization of The Most Promising PUAE Extract (RNS) and the Corresponding RNGM

3.2.1. Determination of the Total Phenolic Compounds (TPC) and the Radical Scavenging
Activity (RSA)

RNBS, representing the most promising R. nigrum extract obtained by PUAE, and the corresponding
RNGM, were analytically characterized to evaluate their total phenolic contents (TPC) and their radical
scavenging activity (RSA). As reported in Table 2, both the bud preparations presented quantitatively
similar RSA values: 1158.58 + 73.24 mg/100 mL of bud extract for RN8 and 1137.04 + 38.49 mg/100 mL
of bud extract for RNGM, respectively. Regarding TPC, RN8 showed a higher value with respect to
RNGM (415.56 + 5.52 mg/100 mL vs. 276.44 + 3.85 mg/100 mL). However, the Folin-Ciocalteu assay is
a nonspecific method to quantify phenols and polyphenols. In fact, this reagent does not measure
only phenols, but can react with some reducing substances (i.e., ascorbic acid) [36]. For this reason, the
phenol content could be overestimated and further investigations on the phytocomplex composition
should be carried out. Nevertheless, the higher value of RN8 is promising and indicative of almost no
oxidative alterations potentially induced by ultrasounds with respect to maceration.
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Table 2. Total phenolic compounds (TPC) and radical scavenging activity (RSA) of the most promising
R. nigrum extract obtained by pulsed ultrasound-assisted extraction (PUAE) (RN8) compared to the
corresponding commercial product (RNGM).

L RNGM RN8
Determination
Mean Value SD Mean Value SD
TPC mg GAE/100 mL bud extract 276.44 3.85 415.56 5.52
RSA mg AAE/100 mL bud extract 1137.04 38.49 1158.58 73.24

Results are reported as mg/100 mL of bud extract and expressed as mean value + standard deviation (SD) (n = 2).
GAE: gallic acid equivalent; AAE: ascorbic acid equivalent.

3.2.2. Targeted Phytochemical Fingerprint

Antioxidant compounds (in particular, polyphenols) may play a critical health-promoting role in
humans for disease prevention due to their synergistic or additive biological effects (phytocomplex) that
influence human health better than a single molecule or a group of few compounds [37]. In this study,
13 biologically active compounds (grouped into four polyphenolic classes) were selected as markers
for fingerprint analysis because they have been described as important health-effective substances in
humans [38]. The phytochemical fingerprints of RNGM and RN8 are reported in Table 3.

Table 3. Targeted phytochemical fingerprint by HPLC-DAD of the polyphenolic compounds in the
most promising R. nigrum extract (RN8) obtained by PUAE compared to the corresponding glyceric

macerate (RNGM).
RNGM RNS8
Bioactive Class Compound Mean Value SD Mean Value SD
(mg/100 g FW) (mg/100 g FW)

caffeic acid 22.48 0.04 20.76 0.48

. . . chlorogenic acid n.d. / n.d. /
Cinnamic acids coumaric acid 521 0.15 1.05 0.25

ferulic acid n.d. / n.d. /

hyperoside n.d. / n.d. /

isoquercitrin n.d. / n.d. /
Flavonols quercetin 49.53 0.49 80.14 1.08
quercitrin 30.86 0.85 48.18 0.94
rutin 17.25 0.22 20.88 0.48
B i acid ellagic acid 69.66 0.08 75.37 0.30
enzotcacias gallic acid 031 0.09 0.64 0.05
Catechi catechin 95.88 0.26 55.85 2.78
atechuns epicatechin 59.83 0.37 49.08 0.48

Results are reported as mg/100 g of bud fresh weight (FW) and expressed as mean value + standard deviation (SD)
(n = 3). *n.d. = not detectable.

Among the analyzed compounds, chlorogenic acid, ferulic acid, hyperoside, and isoquercitrin
were not detected. Bioactive compounds were separated and identified via HPLC-DAD. Adding other
markers with demonstrated biological activity may be a necessary step for a better identification of the
chromatographic pattern in further fingerprint studies together with a mass spectrometry detection of
unknown peaks.

In RNGM samples, catechins were the most important bioactive class (44.36%), with flavonols
as the second most abundant (27.82%), followed by benzoic acids and cinnamic acids (19.93% and
7.89%, respectively), while in PUAE extracts RN8, the quantitative relationships between catechins and
flavonols were reversed: 29.81% for catechins and 42.39% for flavonols, while cinnamic acids (6.20%)
and benzoic acids (21.60%) showed percentages similar to the bud macerates (Figure 4).
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Figure 4. Contribution of each polyphenolic class to the total phytocomplex in RN8 and RNGM
analyzed samples.

Figure 5 reports the polyphenolic chromatographic profile of analyzed samples: RNGM and RN8
presented qualitatively and quantitatively similar phenolic patterns. The most important differences
were only detected in four compounds: (i) quercetin (48.53 + 0.49 mg/100 g of bud fresh weight, FW,
for RNGM and 80.14 + 1.08 mg/100 g FW for RNS); (ii) quercitrin (30.86 + 0.85 mg/100 g FW for
RNGM and 48.18 + 0.94 mg/100 g FW for RNS); (iii) catechin (95.88 + 0.26 mg/100 g FW for RNGM
and 55.85 + 2.78 mg/100 g FW for RNS); (iv) epicatechin (59.83 + 0.37 mg/100 g FW for RNGM and
49.08 + 0.48 mg/100 g FW for RN8). Caffeic acid showed levels slightly higher in RNGM, while ellagic
acid presented levels slightly higher in RN8.

Our results highlight that the traditional glyceric macerate and the alternative PUAE extract
show similar total polyphenolic levels (and a qualitatively similar chromatographic pattern), but some
differences in specific bioactive compounds (in particular, flavonols and catechins) were also detected,
due to the different extraction method [39]. For this reason, PUAE yielded an extract rich in biological
active molecules with potentially high health-promoting activity, but maybe with a practical use which
could be different from traditional bud preparations. In any case, this research is only a preliminary
study and further phytochemical, clinical, toxicological, and pharmaceutical in vitro and in vivo tests
should be carried out to confirm this preliminary hypothesis.
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Figure 5. Chromatographic pattern of polyphenolic compounds identified in RN8 and RNGM samples:
(A) Cinnamic acids and flavonols; (B) Benzoic acids and catechins. In the chromatograms, the x-axis
represents the signal current intensity (mAU), while the y-axis represents time (min).

4. Conclusions

In this work, PUAE, as an alternative time-saving method to produce R. nigrum bud derivatives,
was presented according to the green chemistry principles. The unconventional extraction conditions
were optimized by DoE at the lab scale using untargeted fingerprints coupled to chemometrics, but
this same quick strategy could be analogously applied to transfer this method to an industrial scale.
The impact of the UAE with respect to traditional maceration was evaluated in terms of recovering of
the total phenolic content, the antiradical scavenging activity and the profiles of the most important
bioactive compounds. In particular, PUAE provided the extract named RN8 in a few minutes, compared
to the 21 day-long maceration, whose total polyphenolic levels and antiradical scavenging are similar
or even slightly increased with respect to RNGM. Furthermore, RN8 presents a qualitatively similar
chromatographic pattern, even if some differences in flavonols and catechins were detected. Due to
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these differences, an LC-MS study of RN8 is mandatory in the near future. Nevertheless, this is a
promising preliminary result to provide alternative uses of Ribes nigrum bud derivatives using this
unconventional time-saving extraction method.

Supplementary Materials: Supplementary materials are available online at http://www.mdpi.com/2304-8158/8/
10/466/s1. Table S1: score matrix; Table S2: loading matrix; Table S3: eigenvalue matrix; Table S4: chromatographic
conditions. Figure S1: percentage of explained variance plot.

Author Contributions: Conceived the experiments, R.B., P.Z., A.P,; Designed the experiments, ET. and D.D.;
Followed the experiments, R.B. and G.L.B.; Performed the experiments and analyzed the data, P.Z., ET.,, D.D. and
R.B.; Wrote the paper, ET.

Funding: This research was funded by an European Union project called FINNOVER (n° 1198), http://www.
interreg-finnover.com/.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. FINNOVER Interreg Alcotra Project 2017-2020. Awvailable online: http://www.interreg-finnover.com/
(accessed on 29 July 2019).

2. Turrini, F; Donno, D.; Boggia, R.; Beccaro, G.L.; Zunin, P; Leardi, R.; Pittaluga, A.M. An innovative green
extraction and re-use strategy to valorize food supplement by-products: Castanea sativa bud preparations as
case study. Food Res. Int. 2019, 115, 276-282. [CrossRef]

3. The EU Food Supplements Directive 2002/46/EC. Available online: http://data.europa.eu/eli/dir/2002/46/oj
(accessed on 20 July 2019).

4. Pharmacopée Francaise. Codex Medicamentarius Gallicus, Codex Frangais: Monographie, Préparations
Homéopathiques; Ordre National des Pharmaciens: Paris, France, 1965; Available online: http://ansm.sante.fr/
Mediatheque/Publications/Pharmacopee-francaise-Plan-Preambule-index (accessed on 26 July 2019).

5. Donno, D.; Beccaro, G.L.; Cerutti, A.K.; Mellano, M.G.; Bounous, G. Bud Extracts as New Phytochemical
Source for Herbal Preparations—Quality Control and Standardization by Analytical Fingerprint.
In Phytochemicals—Isolation, Characterisation and Role in Human Health, 1st ed.; Rao, A.V,, Rao, L.G., Eds.;
InTech: Rijeka, Croatia, 2015; pp. 187-218.

6. Donno, D.; Mellano, M.G.; Cerutti, A.K.; Beccaro, G.L. Biomolecules and Natural Medicine Preparations:
Analysis of New Sources of Bioactive Compounds from Ribes and Rubus spp. Buds. Pharmaceuticals 2016, 9,
7. [CrossRef]

7. Donno, D.; Boggia, R.; Zunin, P; Cerutti, A.K.; Guido, M.; Mellano, M.G.; Prgomet, Z.; Beccaro, G.L.
Phytochemical fingerprint and chemometrics for natural food preparation pattern recognition: An innovative
technique in food supplement quality control. J. Food Sci. Technol. 2016, 53, 1071-1083. [CrossRef]

8.  Benvenuti, S.; Pellati, F.; Melegari, M.; Bertelli, D. Polyphenols, anthocyanins, ascorbic acid, and radical
scavenging activity of Rubus, Ribes, and Aronia. Food Chem. Toxicol. 2004, 69, 164-169. [CrossRef]

9. Paunovi¢, S.M.; Nikoli¢, M.; Mileti¢, R.; Maskovi¢, P.; Milinkovi¢, M.; Karaklaji¢-Staji¢, Z. Phytochemical
Screening and Biological Activity of Extract Berries of Black Currant (Ribes nigrum L.). Erwerbs-Obstbau 2019,
61, 71-78. [CrossRef]

10. Donno, D.; Beccaro, G.L.; Mellano, M.G.; Cerutti, A.K.; Marconi, V.; Bounous, G. Botanicals in Ribes nigrum
bud-preparations: An analytical fingerprinting to evaluate the bioactive contribution to total phytocomplex.
Pharm. Biol. 2013, 51, 1282-1292. [CrossRef]

11. Chemat, F,; Rombaut, N.; Meullemiestre, A.; Turk, M.; Perino, S.; Fabiano-Tixier, A.S.; Abert-Vian, M. Review
of Green Food Processing techniques. Preservation, transformation, and extraction. Innov. Food Sci. Emerg.
Technol. 2017, 41, 357-377. [CrossRef]

12.  Chemat, F; Vian, M.A.; Cravotto, G. Green extraction of natural products: Concept and principles. Int. |.
Mol. Sci. 2012, 13, 8615-8627.

13.  Green Chemistry’s 12 Principles, United States Environmental Protection Agency. Available online:
https://www.epa.gov/greenchemistry/basics-green-chemistry#twelve (accessed on 26 July 2019).

14. Li, Y.; Fabiano-Tixier, A.S.; Tomao, V.; Cravotto, G.; Chemat, E. Green ultrasound-assisted extraction of
carotenoids based on the bio-refinery concept using sunflower oil as an alternative solvent. Ultrason.
Sonochem. 2013, 20, 12-18. [CrossRef]


http://www.mdpi.com/2304-8158/8/10/466/s1
http://www.mdpi.com/2304-8158/8/10/466/s1
http://www.interreg-finnover.com/
http://www.interreg-finnover.com/
http://www.interreg-finnover.com/
http://dx.doi.org/10.1016/j.foodres.2018.12.018
http://data.europa.eu/eli/dir/2002/46/oj
http://ansm.sante.fr/Mediatheque/Publications/Pharmacopee-francaise-Plan-Preambule-index
http://ansm.sante.fr/Mediatheque/Publications/Pharmacopee-francaise-Plan-Preambule-index
http://dx.doi.org/10.3390/ph9010007
http://dx.doi.org/10.1007/s13197-015-2115-6
http://dx.doi.org/10.1111/j.1365-2621.2004.tb13352.x
http://dx.doi.org/10.1007/s10341-018-0389-3
http://dx.doi.org/10.3109/13880209.2013.786101
http://dx.doi.org/10.1016/j.ifset.2017.04.016
https://www.epa.gov/greenchemistry/basics-green-chemistry#twelve
http://dx.doi.org/10.1016/j.ultsonch.2012.07.005

Foods 2019, 8, 466 13 of 14

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Chemat, F; Zill-e-Huma; Khan, M.K. Applications of ultrasound in food technology: Processing, preservation
and extraction. Ultrason. Sonochem. 2011, 18, 813-835. [CrossRef]

Vinatoru, M.; Mason, T.J.; Calinescu, I. Ultrasonically assisted extraction (UAE) and microwave assisted
extraction (MAE) of functional compounds from plant materials. Trends Anal. Chem. 2017, 97, 159-178.
[CrossRef]

Chemat, F.; Rombaut, N.; Sicaire, A.G.; Meullemiestre, A.; Fabiano-Tixier, A.S.; Abert-Vian, M. Ultrasound
assisted extraction of food and natural products. Mechanisms, techniques, combinations, protocols and
applications. A review. Ultrason. Sonochem. 2017, 34, 540-560. [CrossRef]

Cravotto, G.; Binello, A.; Orio, L. Green extraction techniques: For high-quality natural products. Agro Food
Ind. Hi Tech 2011, 22, 24-36.

Medina-Torres, N.; Ayora-Talavera, T.; Espinosa-Andrews, H.; Sanchez-Contreras, A.; Pacheco, N. Ultrasound
Assisted Extraction for the Recovery of Phenolic Compounds from Vegetable Sources. Agronomy 2017, 7, 47.
[CrossRef]

Boggia, R.; Turrini, F.; Anselmo, M.; Zunin, P.; Donno, D.; Beccaro, G.L. Feasibility of UV-VIS-Fluorescence
Spectroscopy combined with pattern recognition techniques to authenticate a new category of plant food
supplements. J. Food Sci. Tech. 2017, 54, 2422-2432. [CrossRef]

Leardi, R. Experimental design in chemistry: A tutorial. Anal. Chim. Acta 2009, 652, 161-172. [CrossRef]
Donno, D.; Mellano, M.; Hassan, S.; De Biaggi, M.; Riondato, I.; Gamba, G.; Giacoma, C.; Beccaro, G.L.
Assessing Nutritional Traits and Phytochemical Composition of Artisan Jams Produced in Comoros Islands:
Using Indigenous Fruits with High Health-Impact as an Example of Biodiversity Integration and Food
Security in Rural Development. Molecules 2018, 23, 2707. [CrossRef]

Donno, D.; Mellano, M.G.; Prgomet, Z.; Beccaro, G.L. Advances in Ribes x nidigrolariaRud. Bauer and A.
Bauer fruits as potential source of natural molecules: A preliminary study on physico-chemical traits of an
underutilized berry. Sci. Hortic. 2018, 237, 20-27. [CrossRef]

Turrini, F.; Zunin, P,; Catena, S.; Villa, C.; Alfei, S.; Boggia, R. Traditional or hydro-diffusion and gravity
microwave coupled with ultrasound as green technologies for the valorization of pomegranate external
peels. Food Bioprod. Process. 2019, 117, 30-37. [CrossRef]

Boggia, R.; Turrini, F; Villa, C.; Lacapra, C.; Zunin, P.; Parodi, B. Green extraction from pomegranate marcs
for the production of functional foods and cosmetics. Pharmaceuticals 2016, 9, 63-74. [CrossRef]

Turrini, F; Boggia, R.; Leardi, R.; Borriello, M.; Zunin, P. Optimization of the Ultrasonic-Assisted Extraction
of Phenolic Compounds from Oryza Sativa L. “Violet Nori’ and Determination of the Antioxidant Properties
of its Caryopses and Leaves. Molecules 2018, 23, 844. [CrossRef]

Sadecka, J.; Tothova, J. Fluorescence spectroscopy and chemometrics in the food classification—A review.
Czech |. Food Sci. 2007, 25, 159-173. [CrossRef]

Barnes, R.J.; Dhanoa, M.S.; Lister, S.J. Standard normal variate transformation and de-trending of near-infrared
diffuse reflectance spectra. Appl. Spectrosc. 1989, 43, 772-777. [CrossRef]

Wold, S.; Esbensen, K.; Geladi, P. Principal component analysis. Chemom. Intell. Lab. Syst. 1987, 2, 37-52.
[CrossRef]

Italian Chemical Society. Division of Analytical Chemistry-Group of Chemometrics. CAT Chemometric Agile
Tool. Available online: http://www.gruppochemiometria.it/index.php/software (accessed on 29 July 2019).
Singleton, V.L.; Rossi, J.A., Jr. Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid
reagents. Am. J. Enol. Viticult. 1965, 16, 144-158.

Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a free radical method to evaluate antioxidant activity.
LWT-Food Sci. Technol. 1995, 28, 25-30. [CrossRef]

Shahidi, F.; Ambigaipalan, P. Phenolics and polyphenolics in foods, beverages and spices: Antioxidant
activity and health effects—A review. . Funct. Foods 2015, 18, 820-897. [CrossRef]

Donno, D.; Mellano, M.G.; De Biaggi, M.; Riondato, I.; Rakotoniaina, E.N.; Beccaro, G.L. New Findings
in Prunuspadus L. Fruits as a Source of Natural Compounds: Characterization of Metabolite Profiles and
Preliminary Evaluation of Antioxidant Activity. Molecules 2018, 23, 725. [CrossRef]

Mok, D.K.W.; Chau, ET. Chemical information of Chinese medicines: A challenge to chemist. Chemometr.
Intell. Lab. 2006, 82, 210-217. [CrossRef]

Jagota, S.K.; Dani, H.M. A new colorimetric technique for the estimation of vitamin C using Folin phenol
reagent. Anal. Biochem. 1982, 127, 178-182. [CrossRef]


http://dx.doi.org/10.1016/j.ultsonch.2010.11.023
http://dx.doi.org/10.1016/j.trac.2017.09.002
http://dx.doi.org/10.1016/j.ultsonch.2016.06.035
http://dx.doi.org/10.3390/agronomy7030047
http://dx.doi.org/10.1007/s13197-017-2684-7
http://dx.doi.org/10.1016/j.aca.2009.06.015
http://dx.doi.org/10.3390/molecules23102707
http://dx.doi.org/10.1016/j.scienta.2018.03.065
http://dx.doi.org/10.1016/j.fbp.2019.06.014
http://dx.doi.org/10.3390/ph9040063
http://dx.doi.org/10.3390/molecules23040844
http://dx.doi.org/10.17221/687-CJFS
http://dx.doi.org/10.1366/0003702894202201
http://dx.doi.org/10.1016/0169-7439(87)80084-9
http://www.gruppochemiometria.it/index.php/software
http://dx.doi.org/10.1016/S0023-6438(95)80008-5
http://dx.doi.org/10.1016/j.jff.2015.06.018
http://dx.doi.org/10.3390/molecules23040725
http://dx.doi.org/10.1016/j.chemolab.2005.05.006
http://dx.doi.org/10.1016/0003-2697(82)90162-2

Foods 2019, 8, 466 14 of 14

37. Donno, D.; Mellano, M.G.; Cerutti, A.K.; Beccaro, G.L. Nutraceuticals in Alternative and Underutilized Fruits
as Functional Food Ingredients: Ancient Species for New Health Needs. In Alternative and Replacement Foods,
1st ed.; Holban, A.M., Grumezescu, A.M., Eds.; Academic Press: Cambridge, MA, USA, 2018; pp. 261-282.

38. Balasundram, N.; Sundram, K.; Samman, S. Phenolic compounds in plants and agri-industrial by-products:
Antioxidant activity, occurrence, and potential uses. Food Chem. 2006, 99, 191-203. [CrossRef]

39. Rocchetti, G.; Blasi, F.; Montesano, D.; Ghisoni, S.; Marcotullio, M.C.; Sabatini, S.; Cossignani, L.; Lucini, L.
Impact of conventional/non-conventional extraction methods on the untargeted phenolic profile of Moringa
oleifera leaves. Food Res. Int. 2019, 115, 319-327. [CrossRef] [PubMed]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



http://dx.doi.org/10.1016/j.foodchem.2005.07.042
http://dx.doi.org/10.1016/j.foodres.2018.11.046
http://www.ncbi.nlm.nih.gov/pubmed/30599948
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Bud Collection 
	Chemicals 
	Traditional Preparation of R. nigrum Glyceric Macerates 
	Alternative Method to Produce R. nigrum Bud Derivatives: Pulsed Ultrasound-Assisted Extraction (PUAE) 
	Untargeted Fingerprints of The R. nigrum Phytocomplex 
	UV-Visible Spectroscopy 
	Fluorescence Spectroscopy 

	Experimental Design and Multivariate Data Analysis 
	Analytical Determinations 
	Determination of The Total Phenolic Compounds (TPC) 
	Determination of Radical Scavenging Activity (RSA) 

	HPLC Analysis 

	Results and Discussion 
	Optimization of The PUAE Experimental Conditions by DoE Using Untargeted Phytochemical Fingerprint 
	Analytical Characterization of The Most Promising PUAE Extract (RN8) and the Corresponding RNGM 
	Determination of the Total Phenolic Compounds (TPC) and the Radical Scavenging Activity (RSA) 
	Targeted Phytochemical Fingerprint 


	Conclusions 
	References

