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Abstract

Rosemary is one of the well-known aromatic and therapeutic plants recognized for the interesting pharmacological proper-
ties of its essential oil. After hydrodistillation, a huge amount of solid residue-remains, which still contains non-volatile
bioactive compounds. Our work aims to study in depth the effect of ethanol/water concentration on the extraction yield,
total phenolic and flavonoid content, chemical profile, antioxidant and antimicrobial activities of Rosmarinus tournefortii
de Noé solid residues. Phenolic and flavonoid content was estimated spectrophotometrically and for their identification,
High-performance liquid chromatography-photodiode array detector (HPLC-DAD) analysis was adopted. The antioxidant
activity was established using common methods such as DPPH, ABTS, and the Beta-carotene/linoleate model system. Fur-
thermore, the antimicrobial capacity was investigated against Escherichia coli ATCC 25,922 and Listeria innocua ATCC
33,090, two well-known organisms representing gram-negative and gram-positive bacteria, respectively, as well as against
the mold Geotrichum.s p and the yeast Rhodotorula glutinis. Based on the statistical analysis, a significant effect of ethanol/
water concentration on the phenolic composition, antioxidant, and antifungal activity was revealed, while a slight difference
was observed for the antibacterial activity. On the other hand, HPLC-DAD analysis endorsed the preferential extraction of
gallocatechin and caffeic acid in 20% ethanol, homoplantaginin in 40%, cirsimaritin in 0% ethanol, and rosmarinic acid in
100% ethanol. Additionally, the 80% ethanol/water concentration indicated the highest extraction yield and flavonoid content
(yield=51.6%, TFC =21.38 +0.23 mg QUE/g DW). On the contrary, 40% ethanol revealed both the highest phenolic content
(TPC=128.18 £0.56 mg GAE/g DW) and radical scavenging activities (IC50=0.051+0.008 mg/mL, 0.061 +0.002 mg/
mL, and 1.232+0.013 mg/mL for DPPH, ABTS, and beta-carotene/linoleate model system, respectively). Besides, 20%
was the highest concentration for the inhibition of the two bacteria Escherichia coli (7.35 £0.05%) and Listeria innocua
(8+£0.1%) as well as the mold Geotrichum sp, (16.5+0.3%) and for the yeast Rhodotorula (26 +1.2%), 50% ethanol was
found to be the most appropriate concentration. These differences detected between the studied activities of rosemary solid
residue extracts were strongly influenced by the target phenolic compounds extracted.
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Introduction

Annually, a huge number of different types of solid and
liquid residues from hydrodistillation are generated by the
agricultural industry based on aromatic and medicinal plants
[1]. These residues are expected to be the most energy-rich
resources on earth, and they can play an essential role in
providing the raw materials for a sustainable bioeconomy
pathway [2]. Nevertheless, the accretion of these residues
leads to an environmental problem and the loss of potential
elements, which can be a natural bioresource for the produc-
tion of bioactive phenolic antioxidants [3, 4].

Rosmarinus includes two popular species of aromatic
shrubs (Lamiaceae), Rosmarinus Tournefortii de Noé and
Rosmarinus Officinalis L., which populates the forests,
scrubland, and matorrals of the plains, low and medium
mountains, on a limestone substratum [5]. Rosemary is one
of the most popular therapeutic plants used worldwide for
essential oil production (estimated at 150-200 tons/year) [6].
Tunisia (80 tons), Morocco (40 tons), Spain (28 tons), and
France (5 to 10 tons) are the main producers of rosemary
oil [6]. In this context, the yield of essential oil obtained
by the two extraction methods (hydro distillation and steam
distillation) only reaches a maximum of 2.5 percent of the

essential oil [7, 8], which generates various kinds of solid
residues (10-20 kilotons/year) that could create an environ-
mental problem if not managed correctly [9, 10].

Furthermore, the solid residue of rosemary is rich with
non-volatile bioactive compounds known as secondary
metabolites, including phenolic acids and phenolic diter-
penes such as rosmarinic acid, caffeic acid, carnosic acid,
carnosol, as well as some flavonoids. These constituents
are known to be potent antioxidants, antimicrobial, anti-
proliferative, anticancer, anti-diabetic, anti-inflammatory,
anti-viral, and anti-atherogenic [11-18]. Each feature makes
these residues useful as health-promoting compounds, as
ingredients for anti-aging agents in cosmetics products, and
as antioxidant food additives, simultaneously increasing the
crop's profit.

Solvent selection is critical in extraction processes as it
directly affects selectivity, which in turn affects the extracted
product's chemical profile and functional characteristics. The
choice is often based on how easily the chosen solvent binds
to the selected chemical. Since solubilization entails electro-
static repulsion and attraction forces between the solvent and
solute, it has been generally recognized that polar solvents
prefer solubilization and extraction of polar compounds. In
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contrast, less polar solvents would be suitable for less polar
molecules [19].

Among the alternate solvents available for the extraction
of natural products, hydro-alcoholic mixtures are more suit-
able competitors than a single solvent, leading to a higher
yield of polyphenols [20-23]. Ethanol, methanol, and ace-
tone in water are the most common solvents for extraction.
Compared to these mixtures, ethanol/water mixtures seem
to be the most suitable solvents for extraction, as they are
not very selective and present a wide range of polarity of
both solvents, the possibility of mixing them in any propor-
tion, and their acceptability for human consumption [24].
In previous research, some studies [25, 26] suggested that
carnosic acid, carnosol, and rosmarinic acid are recovered
and claimed as the extract with the highest antioxidant con-
tent when the ethanol in water ratio is less than 70% v/v. On
the contrary, Jacotet-Navarro et al. [19] studied the relation-
ship between solubilization and antioxidant activities of the
main rosemary compounds. The described works revealed
that a high reducing activity is not necessary depending
on the total solubilization of phenolic compounds but on
the activity of reducing compounds, for which 30% etha-
nol showed high reducing activity and the highest TPC,
whereas 90-100% ethanol provided the best solubilization of
rosmarinic acid and carnosic acid. In addition, Irini Psarrou
et al. [9], improved the production of the highest yield, total
phenolic content (TPC), and antiradical activity by using
60% ethanol. On the other hand, Lefebvre et al. [27] stud-
ied the extraction selectivity of a particular compounds, and
the highest fraction of carnosic acid, and carnosol attained
with a 3% polar modifier (ethanol: water 50/50 v/v) and
for rosmarinic acid, as well as genkwanin using 10% of the
same modifier by applying supercritical fluid extraction.
Moreover, regarding the antibacterial activity of rosemary,
most studies examined mono-solvents such as ethanol and
water, in which the ethanolic extract seems to be more active
against both gram-positive and gram-negative bacterial than
the aqueous extract [28] and vice versa for antifungal activ-
ity [29].

Therefore, these conflicting results suggest that most
studies are only concentrated on determining the effect of
ethanol/water mixture ratio on phenolic content and anti-
oxidant properties of rosemary extracts. To the extent of
our knowledge, there are no studies on the effect of ethanol/
water mixtures on antimicrobial property, and we are aware
of only a few studies that have examined the relationship
between phenolic composition and their biological activity
extracted with different ethanol/water ratios, especially for
Rosmarinus tournefortii de Noé genus, which is undoubt-
edly rather unknown compared to Rosmarinus officinalis L.

In this context, the current study aims to investigate the
effect of ethanol/water mixtures as a green solvent on phe-
nolic contents, antioxidant and antimicrobial activities of the
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solid residues from Rosmarinus tournefortii de Noé hydro-
distillation. The relationship between those activities and the
chemical profile will be also the subject of this work. The
different extracts of rosemary solid residues were detected
and characterized using HPLC-DAD and to evaluate their
antioxidant activities, three assays were selected: DPPH Free
Radical Scavenging, ABTS Radical Scavenging, and beta-
Carotene/linoleate model system. Furthermore, the antimi-
crobial performance of rosemary solid residue extracts was
investigated by using the bacteria Listeria innocua ATCC
33,090 (gram-positive) and Escherichia coli ATCC 25,922
(gram-negative), as well as fungi (Rhodotorula glutinis and
Geotrichum sp).

Materials and methods
Standards and reagents

Rosmarinic acid, carnosic acid, carnosol, ferulic acid, and
caffeic acid are the main analysis standards (purity >96%).
Ethanol and Methanol (HPLC grade) were used to extract
rosemary extracts. Folin ciocalteu's phenol reagent, sodium
carbonate, gallic acid, quercetin, Aluminum chloride anhy-
drous, sodium nitrate, and sodium hydroxide were used
to quantify the phenolic and flavonoid tenor. Acetonitrile
and formic acid are chromatographic grades and were used
for HPLC analyses. All these reagents were acquired from
Sigma Aldrich. Ascorbic acid, 2,2-diphenyl-1-picrylhdrazyl
(DPPH), 2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS), potassium persulfate, p-carotene, linoleic acid
tween 20 and were purchased from oxford and used for the
evaluation of the antioxidant capacity.

Megrez

Morocco

Province of Oujda-Angad

0 47595 19 28,5 38

e ™  ilometers

Fig.1 Location of plant sampling from Megrez forest, province of
Oujda-Angad (Morocco)
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Plant material and residue extracts

Fresh leaves of the wild plant Rosmarinus tournefortii de
Noé were gathered at the flowering stage (13 March 2020)
in the forest area of Megrez, Eastern region of Morocco (34°
43'52.6" N 2° 04’ 21.5" W) Fig. 1. The specimen was identi-
fied by the Forest Management Studies Service of Oriental.

The leaves of rosemary, Rosmarinus tournefortii de Noé,
were dried at ordinary temperature for 10 days prior, and
then about 100 g were hydro-distilled with a Clevenger for
3 h, as reported by Navarrete et al. [30]. The solid residue of
hydrodistillation was dried for nearly 15 days. Additionally,
1 g of solid residue was powdered, mixed with 20 mL (solid:
liquid ratio 1:20 w/v) of different extraction solvents: etha-
nol/water ratio (100:0, 80:20, 60:40, 50:50, 40:20, 20:60,
0:100; v/v). The mixtures were treated by the maceration
technique for 48 h at room temperature to extract polyphe-
nols, then filtered through Whatman (GF/A, 90 mm) and
dried using a rotator evaporator Fig. 2. All samples were
maintained in amber glass vials and refrigerated at 4 °C until
analysis.

Total phenolic and flavonoid content

The total phenolic content (TPC) of rosemary solid resi-
due extracts were derived by the Folin-Ciocalteu method
as described by Cujic et al. [31]. In brief, 200 pL of each
extract was mixed with 1000 pL of Folin-Ciocalteu reagent
(diluted 10 folds). 800 puL of sodium carbonate solution
(7.5 g/L) was added 4 min later. After incubation for 2 h at

Fig.2 The extraction process of
Rosmarinus tournefortii de Noé
solid residue

Rosmarinus
tournefortii de Noé

Phenolic
compounds

K o)

room temperature, the absorbance was measured at 760 nm
using a UV-VIS Spectrophotometer (Shimadzu UV 1650-
PC). The TPC was estimated using gallic acid as a reference,
and the findings were represented in milligrams of gallic
acid equivalents per gram of dry weight (mg GAE/g DW).

The flavonoids (TFC) was determined by a colorimetric
approach using the aluminum chloride reagent according to
Zhishen et al. [32] with slight modification. 1000 pL of each
extract was added to 4000 pL of distilled water and 300 pL
of sodium nitrate (5%). After waiting 5 min of incubation,
300 pL of aluminum chloride anhydrous was added. Follow-
ing incubation of 6 min, 2000 pL of sodium hydroxide (1 M)
was added. Finally, distilled water was added to achieve a
final volume of 8 mL. After mixing the reagents well, a
UV-VIS (Shimadzu UV 1650-PC) Spectrophotometer was
used to measure the absorbance at 510 nm. The TFC was
estimated using quercetin as a reference, and the results were
represented in milligrams of quercetin equivalents per gram
of dry extract (mg QUE/g DE).

HPLC-DAD analysis of the solid residue extracts
of Rosmarinus tournefortii de Noé

Rosemary solid residue extracts were analyzed using high-
performance liquid chromatography (Waters Alliance™
€2695 XC HPLC System) equipped with a 2998 Photodiode
Array Detector, and a reversed-phase C18 column (5 um,
250 mm X 4.6 mm). Extracts (10 mg/mL) were injected into
the column at a flow rate of 1 mL/min using a gradient of

Solid residue

Hydrodistillation

Solid residue
powder

Extracted (48h) by different
ethanol/water concentration
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binary solvents as described by Liu et al. [33]. The follow-
ing gradient of mobile phase A (2% formic acid in water)
and mobile phase B (acetonitrile) was used for polyphenols
separation: 0—10 min, 30-70% B; 10-15 min, 70-30% B;
15-25 min, 70-30% B; 25-30 min, 30-70% B. The injection
volume was 10 uL and the UV-VIS detection was performed
in the 280-330 nm range. Individual polyphenols were iden-
tified by analyzing their holding time and maximum wave-
length to standards and literature data.

Antioxidant activity
DPPH free radical scavenging assay

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radi-
cal assay's scavenging capability was determined just as
Zhang et al. [34] with modest modification.

The assay is based on the measurement of the ability of
rosemary solid residue extracts to reduce the stable free
radical by receiving a hydrogen atom from antioxidants
to the corresponding free radical, and the formation of
the non-radical form DPPH-H resulting from the reaction.
Briefly, 500 uL of various concentrations of rosemary
extracts (0.004-0.2 mg/mL) were mixed with 2500 uL
of DPPH in methanol (0.04 mg/mL). The resulting solu-
tion was incubated for 1 h at room temperature, and then
its absorbance was measured at 517 nm using a UV-VIS
(Shimadzu UV 1650-PC) Spectrophotometer. Ascorbic
acid was employed as a negative control and as a standard
antioxidant in the assay. The following Eq. (1) was used
to determine the inhibitory activity (%) of DPPH radical.

:AO;AEXN)O

1%
% 10 (1)

where A is the absorbance of the negative control, and Ay is
the extracts' absorbance. DPPH radical-scavenging activity
was expressed as IC50 (IC50 is the concentration necessary
to inhibit 50% of the free radical, determined graphically on
the curve I % =f (C) by extrapolating Y =50% inhibition on
the value of the abscissa axis).

ABTS radical scavenging assay

The radical scavenging activity of the ABTS was per-
formed according to the technique described by Tran et al.
[35] with some modifications.

The test is based on the capacity of free radical scaveng-
ing phenolic compounds to weaken the green—blue colored
radical cation ABTS™ to an uncolored form [36]. The stock
solutions of potassium persulfate (2.45 mM) and ABTS
(7 mM) were prepared and mixed in equal parts. The
mixture was then allowed to react for 12 to 16 h at room
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temperature, in the dark to allow the production of free
radicals. Before analysis, the stock solution was diluted
with anhydrous ethanol to obtain an absorbance of 0.7 at
734 nm. To determine the scavenging activity, 0.1 mL of
rosemary solid residue extracts of various concentrations
(0.004-0.5 mg/mL) were mixed with 2 mL of ABTS™ radi-
cal solution. The mixture was thoroughly sacked and then
allowed to stand for 6 min. The absorbance was noted at
734 nm using the same volume of matching extraction sol-
vents as the control sample. The standard curve used was
ascorbic acid. The inhibition activity (%) of ABTS radicals
was determined according to the following Eq. (2):

A0 — AE
= ———x

I
% A0

100 2)
where A, is the absorbance of the negative control, and Ay, is
the extracts' absorbance. The linear regression analysis was

used to determine the extract concentration (IC50) needed
to inhibit 50% of ABTS radical.

Beta-carotene/linoleate model system

The beta-carotene bleaching test was established using the
method of Tohma et al. [37] with minor modifications. The
process is founded on the oxidative breakdown of beta-
carotene in the presence of linoleic acid. As a result of the
oxidation of beta-carotene, it loses its distinctive orange
color. Therefore, the level of linoleic acid oxidation can be
assessed indirectly by monitoring the decrease in absorb-
ance of beta-carotene. The presence of antioxidants in the
system prevents the bleaching of beta-carotene by opposing
the formation of free radicals. The preparation of beta-car-
otene/ linoleic acid emulsion in distilled water was as fol-
lows: 1 mL beta-carotene solution (0.2 mg/mL chloroform),
20 mg linoleic acid, and 200 mg tween 20. After the elimina-
tion of chloroform, 30 mL of distilled water was added and
kept in an ultrasonic bath for 5 min. 4 mL of the emulsion
solution formed was mixed with 0.2 mL of rosemary solid
residue extracts at different concentrations (0.1-5 mg/mL)
and then incubated at 50 °C in a water bath for 120 min. The
absorbance was determined at t=0 for the monitoring solu-
tion (0.2 mL of water with 4 mL emulsion solution) and at
t=120 min for the monitoring solution and samples using
a UV-VIS spectrophotometer at 470 nm. The percent of
inhibition was calculated according to the following Eq. (3):

1o, — AE(120) — AC(120)
°~ TAC(0) — AC(120)

x 100 3)

where AE (120) is the extracts” absorbance at 120 min; AC
(120) is the control absorbance at 120 min, and AC (0) is the
control absorbance at 0 min. The linear regression analysis
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was used to determine the concentration of the extracts
(IC50) needed to inhibit 50% of oxidized beta-carotene.

Antimicrobial activity

The antimicrobial activity of Rosmarinus tournefortii de
Noé solid residue extracts was investigated using the agar
diffusion method on solid media, in accordance with some
research [38, 39]. The in vitro antimicrobial activity was
evaluated against four pathogenic microbes, including
Escherichia coli ATCC 25,922 (gram-negative bacteria) and
Listeria innocua ATCC 33,090 (gram-positive bacteria), the
yeast Rhodotorula glutinis and the mold Geotrichum sp.

The strains were diluted and adjusted to 0.5 McFarland
for the two types of microorganism: gram-negative and
gram-positive bacteria and the yeast Rhodotorula glutinis,
which correspond to 10® CFU/mL and 10° spores/mL for
the mold Geotrichum sp. Furthermore, fresh cultures were
diluted with Mueller—Hinton broth for bacteria and yeast,
and with sterile physiological water for mold, and then
inoculated onto the surface of the petri dish. This technique
involves perforating the Mueller—Hinton agar (MHA) seeded
with the bacteria/fungal to be tested to obtain wells (6 mm);
these were filled with a 10 pL volume of samples (10 mg/
mL). For bacterial and fungal growth, the agar plates were
incubated for 18 h at 37 °C and 48 h at 25 °C, respectively.
The antimicrobial activity of rosemary solid residue extracts
was characterized by determining the diameter of the inhibi-
tion zone in the agar gel. All assays were achieved in tripli-
cate. Cycloheximide and gentamicin were used as positive
controls against fungi and bacteria, respectively.

Statistical analyses

The obtained results were subjected to descriptive statisti-
cal analysis, analysis of variance (ANOVA), and regression
analysis using the software “SPSS for Windows version 207,
followed by Tukey's test with a post hoc multiple compari-
son threshold of 5%. Analyzes were performed in triplicate,
and the results were given as mean values with standard
error.

Results and discussion

Effect of ethanol/ water concentration on extraction
yield and total phenolic and flavonoid content

Phenolic compounds are one of the most prevalent classes of
secondary metabolites in plants with strong redox properties,
which are involved in a wide range of biological processes,
including antibacterial, antifungal, and antioxidant effects.

Table 1 Effect of ethanol/water concentration on yield and total phe-
nolic, and flavonoid content of rosemary solid residue extracts

Ethanol/water Extrac- Total phenolic con- Total flavonoid

concentration tion yield tent (mg GAE/g content (mg QUE/g
(%) DW) DW)
100% 16.8+2 32.41+0.39% 18.71+0.17¢
80% 51.6+°¢ 98.10+0.96" 21.38+0.23¢
60% 19 97.76 +0.39" 17.71+£0.28°
50% 20% 120.58 +0.57° 7.02+0.19°
40% 19.6* 128.18 +0.56 6.58+0.15
20% 16° 109.01£0.27¢ 6.86+0.07*
0% 26° 100.84 +0.20° 9.46+0.15°

Different superscript letters in each column indicate that the means
are substantially different (p<0.05). Mean+Standard deviation
(n=3)

In the present study, the recuperation of total phenolic com-
pounds from the solid residues of Rosmarinus tournefortii
de Noé has been achieved by the traditional maceration tech-
nique with different ratios of ethanol/water solvents. This
mixture was chosen due to the greater possibility of solubi-
lizing phenolic compounds and their safety effect on being
introduced into food products [19, 40, 41].

As can be seen in Table 1, the highest extraction yield of
rosemary was achieved with 80% ethanol as the best ratio
of ethanol/water solvents used for the extraction of polyphe-
nols, reaching a maximum of 51.6%, followed by the aque-
ous extract (26%) and significantly decreased with further
increase in ethanol at 20%. The statistical analysis showed
the existence of several subgroups and indicate a significant
difference between the different ethanol/water concentra-
tions regarding the extraction yield (P <0.05). Our findings
agreed with the previous studies. For example, Sun et al.
[42] and Irini et al. [9] demonstrated an extraction solvent
ratio close to our results, for which 75% and 60% ethanol
were reported as the highest extraction yield. Also, a similar
pattern was observed regarding the yield, where water was
also recommended as one of the appropriate solvent to lead
to a higher yield of bioactive compounds [43, 44].

This behavior can be explained by the fact that the pres-
ence of water (having a stronger dipole moment than the
alcohols) destabilizes the cell walls. Consequently, penetrat-
ing deeper into the plant matrix, this phenomenon increases
the contact surface between the solvent and the solute, which
favors the extraction of phenolic compounds [15].

The total phenolic content (TPC) of rosemary solid resi-
due extracts ranged from 32.41 to 128.18 mg GAE/g DW.
Compared with the total phenolic content, total flavonoid
content (TFC) varied from 6.58 to 21.38 mg QUE/g DW. In
addition, the highest TPC and TFC were observed in a dif-
ferent range ratio, in which the TPC was clearly increased
at the range of 20-50%, while the TFC was achieved from
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60 to 100% ethanol concentration. Further, according to our
results, the highest TPC was found to be in 40% (128.18 mg
GAE/g DW) and for TFC, 80% was found to be the great-
est flavonoid contents (21.38 mg QUE/g DW). The small-
est phenolic and flavonoid contents seemed to be in ethanol
absolute (32.41 mg GAE/g DW) and 40% ethanol (6.58 mg
QUE/g DW), respectively. The statistical analysis demon-
strated a significant difference between the tested sample
concerning the TPC and TFC with P <0.05. Comparing our
finding with the literature, most studies of binary solvents
extraction revealed that the extracted flavonoid content
increased over 70-80% ethanol, while the amount of poly-
phenols was achieved from 50 to 0% ethanol [43, 45]. In
light of our results, 40% ethanol is highly recommended for
TPC, while 80% ethanol is suggested as the best extraction
solvent in terms of yield and TFC.

Chemical profile of Rosmarinus tournefortii de Noé
solid residue extracts

To evaluate the effect of ethanol/water concentration on the
chemical profile of rosemary solid residues, an extensive
analysis of phenolic compounds, including phenolic acids,
phenolic diterpenes, and flavonoids, was performed based
on HPLC-DAD data and data described in the literature.

Rosmarinic acid, caffeic acid, ferulic acid, carnosol, and car-
nosic acid were easily identified by comparing their holding
times and UV—Vis spectra with the reference standards. In
addition, to identify flavonoids, data described in the litera-
ture was reviewed in depth with respect to the elution pattern
of flavonoids [46-50].

As indicated in Table 2, three families were tentatively
identified in the solid residue extracts of rosemary: phe-
nolic acids (2, 3, and 5), phenolic diterpenes (9, 10, 11, 14,
15, 16, and 19) and flavonoids (1, 4, 6, 7, 8, 12, and 18).
Rosemary extracted by pure ethanol recovered the widest
range of phenolic compounds polarity as illustrated in the
chromatogram (A) of Fig. 3. The elution at the beginning
of chromatogram revealed the highest polar compounds
with a mixture of phenolic acids and flavonoids (flavanol,
flavones, and flavonoid glycoside). Gallocatechin could
be a possible structure for the first peak, since the maxi-
mum band was detected between 284 and 320 nm which
is consistent with previously published results [43]. Caf-
feic acid and ferulic acid were eluted approximately 1 min
after peak 1. The flavonoid glycoside, homoplantaginin
could possibly be the fourth peak's structure, since the
absorbance band is found in the 275-340 nm range, values
that are almost similar to the UV-Vis spectra detected
by numerous studies (270-340 nm) [43, 46, 47], so the

Table 2 Identification of phenolic compounds of Rosmarinus tournefortii de Noé solid residue extracts and their UV-Vis and Amax(nm)

Retention
time (min) peak area)

Peak nbr Detected compounds

Relative abundance of compounds (in % of total

UV-Vis Amax (nm) References

Ethanol in water concentration

100% 80% 60% 50% 40% 20% 0%
1 Gallocatechin 2.462 1544 1522 8.05 1020 7.68 17.35 15.32 284,320 [43]
2 Caffeic acid 3.22 24.82 3274 21.80 27.37 50.70 53.97 30.16 289,295,324 STD
3 Ferulic acid 3.54 373 691 590 9.66 273 - - 234,290, 324 STD
4 Homoplantaginin 4.41 1.02 8.66 875 944 27.04 857 - 275, 333, 340 [43, 46, 47]
5 Rosmarinic acid 4.99 2490 2143 12.84 22.65 - - - 328.9, 330 STD
6 Scutellarein 6.20 140 171 231 1.04 493 056 120 238,267,342 [10, 43, 46, 49-51]
7 Apigenin 7.18 120 127 1.15 060 274 - - 338, 340 [10, 43, 46, 49-51]
8 Cirsimaritin 14.84 1.14 041 081 - - 0.50 11.02 274,334,337 [10, 43, 46, 47, 50]
9 Rosmanol 15.47 030 - 791 - 2.08 4.88 - 238, 288 [10, 43, 4648, 52]
10 Epirosmanol 16.28 1.06 - 754 - - - - 233,289 [10, 43, 4648, 52]
11 Epi isorosmanol 17.48 155 099 192 - - - - 235, 288 [10, 43, 4648, 52]
12 Genkwanin 18.20 858 275 - - - - 0.15 270,334 [9, 10, 43, 48]
13 NI 18.57 214 - - - - 015 — 235,274,334 NI
14 Carnosol 19.21 - - - - - 3.51 445 275.3,284 STD
15 Epirosmanol methyl ether 20.37 146 057 - - - - - 233, 288 [46-48]
16 Rosmadial 20.94 735 130 - - - - - 235, 246, 288 [46-48]
17 NI 21.40 130 - - - - - - 233,283 NI
18 4'methoxy-tectochrysin ~ 24.61 345 - - - - - - 278,332 [9, 10, 46, 47]
19 Carnosic acid 29.10 - - - - - 4.69 3.10 275.3,284 STD

— not detected, NI not identified
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Fig.3 HPLC-DAD chromatograms of 100% ethanol (A), 80% ethanol (B) and 60% ethanol (C) extracts (Recorded at 285 nm)

fourth peak may be assumed as homoplantaginin. Scutel-
larein and apigenin are two flavones eluted directly after
rosmarinic acid with two distinctive absorbance bands:
267-342 nm and 340 nm, respectively, which are compa-
rable to the Amax values and spectra pattern matching with
the literature data [10, 43, 46, 49-51]. Therefore, the two
UV spectra's patterns are identical, it is possible to identify
scutellarein and apigenin as peaks 6 and 7, respectively
The second elution of the chromatogram contained a
rich variety of phenolic diterpenes and flavones, peak 8
as dimethoxy flavone, with UV—vis maximum at 274 and
337 nm. The compound was candidate to be cirsimaritin,
according to some previous studies [10, 43, 46, 50], almost
the same spectral maxima (278-336 nm) were found, show-
ing that the eighth peak could be identified as cirsimaritin.
Moreover, rosmanol and its derivatives epirosmanol and
epi isorosmanol could be assigned to peaks 9, 10 and 11,
respectively, due to the spectrum maxima, matching with the
literature [10, 43, 46—48, 52], which are equal to our results:
respectively, 236-288 nm, 233-287 nm, and 235-287 nm.
Another flavone family, genkwanin, has been dubbed "pic
number 12" because of its UV-vis detection wavelengths
maximum at 267 and 333 nm, which are comparable to the
published reports [9, 10, 43, 48]. From the exhibit charac-
teristic of the UV spectra and the elution pattern of flavone,
we may concede that peak number 12 could be identified as
genkwanin. Furthermore, epirosmanol methyl ether and ros-
madial, two phenolic diterpenes with UV spectrum maxima
of 233-288 nm and 235-288 nm, are projected to have peaks
15 and 16, which are consistent with prior research on rose-
mary extracts [46—48]. 4’-methoxytectochrysin is the only

flavone eluted between the two phenolic diterpenes, carnosol
and carnosic acid. As reviewed by several researchers [9,
10, 46, 47] working on rosemary extracts, the Amax values
are 270, 278, and 332 nm, for which those values are almost
equal to ours (Amax =278, 332 nm). Thereby, 4’-methoxy-
tectochrysin can be identified as peak number 18.

The chromatographic profile of rosemary extracted with
80% and 60% ethanol still harbored the same phenolic acids
and flavonoids as the ethanolic extract at the beginning
of elution with a different ratio of the peak areas of these
compounds (Fig. 3B and C). Furthermore, in the second
elution of the chromatogram, the decrease in ethanol con-
centration caused a significant decrease in some phenolic
diterpenes and flavones. In the 80% ethanolic extract, there
is an absence of rosmanol (peak 9) and its isomer epiros-
manol (peak 10), while in the 60% ethanolic extract, there is
a disappearance of other compounds including genkwanin,
epirosmanol methyl ether, and rosmadial. Also, 4"-methoxy-
tectochrysin (peak 18) was absent for both 80% and 60%
ethanol concentrations.

As can be seen in Fig. 4, at the beginning of the chroma-
togram, the 50% and 40% ethanol extracts kept retaining
the same compounds as the other ethanolic extracts (100%,
80%, and 60% ethanol), except for rosmarinic acid, one of
the most known phenolic acids of rosemary, which disap-
pered in 40% ethanol. On the contrary, in the second elution
of the chromatogram, the decrease in ethanol concentration
to 40% affected the chemical profile of the extracts, since
all phenolic diterpenes and flavonoids significantly disap-
peared, except for rosmanol in the solid residue of rosemary
extracted with 40% ethanol (Fig. 4A and B).
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Fig.4 HPLC chromatograms of 50% ethanol (A), 40% ethanol (B), 20% ethanol (C) and water (D) extracts (Recorded at 285 nm)

The chemical profile of the two extracts extracted with
20% and 0% ethanol in water was significantly dependent
on the ethanol concentration. At the beginning of the chro-
matograms F and G (Fig. 4), it was worthwhile to reveal
the absence of the two phenolic acids, ferulic acid and ros-
marinic acid as well as the absence of the flavone apigenin
(peak 7). The flavone glycoside homoplantaginin (peak 4)
was also absent in the aqueous extract. Further, new phe-
nolic diterpenes appeared in the second elution: carnosol
and its isomer carnosic acid, as well as the reappearance
of cirsimaritin (peak 8) in both concentrations. Rosmanol
retained its position in 20% ethanol but disappeared in 0%
ethanol, with the advent of genkwanin in the latter concen-
tration (Table 2).

In general, pure ethanol and 80% highlight the total
phenolics in the solid residue of Rosmarinus tournefortii
de Noé for the reason of its suitable extraction of bioactive
compounds with a wide range of polarity. These findings
are in the same line with Chunli sun et al. [42]. Moreo-
ver, to recover a specific compound, an exact concentration
of ethanol in water is required to extract its maximum. For
example, rosmarinic acid, genkwanin, epirosmanol methyl
ether, rosmadial, and 4'-methoxytectochrysin reached their
maximum with 100% ethanol, while rosmanol and its iso-
mers; epi rosmanol and epi isorosmanol bring their extrac-
tion with 60% ethanol. Indeed, 50% ethanol had the perfect
concentration for ferulic acid recovery, and for the three
flavonoids, 40% ethanol proved to be the highest efficiency
to extract all of homoplantaginin, scutellarein, and apigenin
expected as peaks 4, 6, and 7, respectively. Caffeic acid,

@ Springer

carnosic acid, and gallocatechin increased with 20% ethanol,
and cirsimaritin and carnosol reached their best ratio in the
aqueous extract.

Compared our results with the literature, Psarrou et al. [9]
reported almost the same extraction solvent for genkwanin
and 4'-methoxytectochrysin, while disagreed on rosmarinic
acid recovery, which they found to be highly recovered on
the aqueous extract than on the ethanolic extract, which is
contradictory to our results. Our finding can be supported by
the fact that rosmarinic acid is highly soluble in an aqueous
solvent, so it can be found directly in the aqueous residue
extract rather than in the aqueous solid residue of rosemary.
Also for ferulic acid, Raphaela G et al. [53] reported that its
solubility in ethanol presented higher values than the solu-
bility in water. Furthermore, the greater solubility of caffeic
acid in water has been previously improved and confirmed.
The glycosylated flavonols have significantly increased water
solubility compared to the corresponding aglycone [54]. The
high presence of carnosol and carnosic acid in the aque-
ous extracts had already detected by Tzima et al. [53], who
evaluated the ethanolic degradation of carnosol, carnosic
acid, and their mixture using high-performance liquid chro-
matography, and subsequently confirmed that their recovery
could be robustly in an aqueous solvent.

Thus, from our results, we can demonstrate that the
chemical profile of the solid residue extracts of Rosmarinus
tournefortii de Noé varies significantly with the concentra-
tion of ethanol in water.
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Effect of ethanol/water concentration
on the antioxidant activity of Rosmarinus
tournefortii de Noé solid residue extracts

Antioxidants, whether from natural or synthetic sources,
have proven to be highly effective in controlling the amount
of free radical production, preventing their unwanted
effects, and supporting the body's antioxidant and detoxify-
ing mechanisms [55]. Phenolic compounds are among the
most important groups of natural antioxidants, responsible
for reducing oxidative stress and the resulting cell damage
[56]. Their likelihood is directly correlated with the type of
extraction solvent used.

For this propose, the effect of ethanol/water solvent
mixture on the antioxidant activity of rosemary solid resi-
due extracts was evaluated using three commonly method,
namely: DPPH, ABTS, and Beta-carotene/linoleate model
system. The IC50 values of rosemary solid residue extracts
ranged from 0.051 to 0.18 mg/mL for both the stable free
radical DPPH and the ABTS assays. Whereas, the IC50 val-
ues of rosemary extracts varied from 1.22 to 2.65 mg/ml for
Beta-carotene/linoleate model system, on the other hand,
the ANOVA test show that there is a significant difference
between the different ethanol/water concentrations used for
the extraction process regarding their antioxidant activity.
The post-hoc test showed the existence of several sub-group
(P <0.05), as highlighted in Table 3.

The IC50 values of rosemary extracts for the three
antioxidant methods decrease from 60 to 40% of the eth-
anol concentration, resulting in a significant increase in
the radical scavenging activity of the extracts, which is
clearly correlated with TPC. The results indicate that the
rosemary extracted with 40% ethanol had the lowest IC50
value (0.051 +0.008 mg/mL, 0.061 +0.002 mg/mL, and
1.232 +0.013 mg/mL for DPPH, ABTS, and beta-carotene/
linoleate model system, respectively), meaning higher anti-
oxidant activity than the other extracts. The lowest anti-
oxidant activity was observed with 100% ethanol for both

methods; DPPH and ABTS, while 20=0% ethanol for the
Beta-carotene/linoleate model system. Based on our chemi-
cal profile data, 40% ethanol has the highest content of the
three flavones; homoplantaginin (27.04%), scutellarein
(4.93%), and apigenin (2.74%) accompanied by a significant
ratio of caffeic acid (50.70%). The reducing capabilities of
the solid residue extract of rosemary extracted with 40%
ethanol are related to the high presence of these redeeming
compounds, which have been proven to perform antioxidant
activities by breaking the chain of radicals by donation a
hydrogen atom [57, 58], thus, we may speculate that the
highest antioxidant of rosemary solid residue extracted by
40% ethanol in water results from the ratio of each individual
phenolic compound exist in this extract.

Moreover, despite the presence of the different families
of phenolic compounds including phenolic acids, phenolic
diterpenes, and flavonoids on 100-80% ethanol extracts,
they exhibited the lowest antioxidant activity to scavenge
DPPH and ABTST free radicals. From these results, we can
conclude that the combination of all these phenolic com-
pounds does not necessarily increase the antioxidant activity.
The same results were founded by some researchers [59,
60], reporting that the crude extract was less inhibitory than
the other fractions. On the other hand, compared to DPPH
and ABTS methods, the 20-0% ethanol showed the lowest
antioxidant activity for the Beta-carotene/linoleate model
system. These differences could be related to the different
mechanisms of oxidation. YURTTAS et al. [61], reported
significant differences (p < 0.05) between the antioxidant
activity for the hydrolyzed and the nonhydrolyzed extracts,
for which they found that the polar fractions had better anti-
oxidant activity than the less polar compounds. Depending
on the chemical profile provided by 20-0% ethanol extract,
these extracts had fewer polar compounds compared to the
other extracts. This naturally make sense because the most
polar compounds were assigned to be in the water residue
extract rather than the aqueous solid residue extract of
rosemary.

Table 3 Effect of ethanol/water

. O Samples DPPH ICs, (mg/mL) ABTS ICy, (mg/mL) Beta-Carotene/linoleate
concentration on antloxtdant model system ICs, (mg/
act}vny of rosemary solid mL)
residue extracts

100% 0.183+0.005° 0.189+0.019¢ 2.16+0.048°
80% 0.075+0.005* 0.09+0.007° 2.13+0.056¢
60% 0.052+0.006 0.068 +0.002? 2.044+0.019"™
50% 0.052+0.014* 0.062+0.017* 1.96 +0.120°
40% 0.051+0.008* 0.061 +0.002* 1.232+0.013"
20% 0.067+£0.015* 0.078 £0.0014® 2.65+0.091¢
0% 0.053+0.006" 0.09+0.002° 2.65+0.070°
Ascorbic acid 0.008 +0.001* 0.05+0.008* 0. 82+0.003*

In each column, distinct superscript letters show that the means are significantly different (p <0.05). (n=3)

Mean Standard Deviation
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The effect of binary solvents on the antioxidant activity
of rosemary extracts has been studied by several research-
ers. For example, Jacotet-Navarro et al. [19], reported that
30% ethanol was the great concentration to extract the most
antioxidant compounds, while other researchers [9, 24]
evaluated that 60% ethanol owned the strongest antioxidant
activity. Therefore, in the present work, 40% ethanol in water
was the best solvent mixture for antioxidant activity, which
is highly correlated with TPC.

Effect of ethanol/water concentration
on antimicrobial activity of Rosmarinus tournefortii
de Noé solid residue extracts

Food safety authorities, the food industry, and consum-
ers are all very concerned about foodborne illnesses. In
order to increase food quality and shelf life, a lot of work
has been put into finding natural antimicrobials that can
prevent bacterial and fungal growth. Similar to this, con-
sumers now ask about the safety of artificial preservatives
used in food. Because of this, there is a rising need for
national resources that can replace food preservatives [62].
In view of the above, the examination of the antibacte-
rial and antifungal properties of rosemary solid residue
extracts was evaluated by investigating the efficacity of
extracts obtained using various solvent extraction systems
[28, 29, 63].

The antibacterial and antifungal activity of rosemary
solid residue extracted by various ethanol/water concen-
trations were carried out against the two well-known bac-
teria Listeria innocua ATCC 33,090 (gram-positive) and
Escherichia coli ACTCC 25,922 (gram-negative) as well
as against the mold Geotrichum. sp and the yeast Rhodo-
torula glutinis. The results of the inhibition tests against
the microbial strains are summarized in Table 4.

According to the statistical analysis, the antibacterial
activity of rosemary solid residue extracts did not change

significantly with increasing or decreasing ethanol con-
centration, for which the diameter measurements of the
inhibition bacteria varied weakly from 7.08 to 8 mm and
7.08 to 7.35 mm for Listeria innocua and Escherichia coli,
respectively. In contrast, a significant effect (p <0.05) of
ethanol/water concentration of rosemary solid residue
extracts was revealed, resulting in a strong variation in
antifungal activity, illustrated by an inhibition zone of
16.5-10.5 mm and 25.5-20.5 mm for Geotrichum. sp and
Rhodotorula glutinis, respectively.

Despite the small differences detected in antibacte-
rial activity, our results clearly show that the 20% ethanol
extract exhibits greater inhibition against the two bacte-
rial Listeria innocua (7.35 £0.05 mm) and Escherichia
coli (8+0.1 mm). Based on the literature data, conflicting
results were found, among which some previous researchers
revealed that the polar extracts had a weak effect on bacte-
rial growth inhibition compared to apolar extracts [28], due
to the high polarity of the extracted compounds [64, 65],
while Shene et al. [63] reported that the antimicrobial activ-
ity of ethanolic extract was either absent compared to the
aqueous extract, indicating that water-soluble compounds
had the highest antimicrobial activity, which is in agree-
ment with our results. The 20% ethanol extract of rosemary
solid residue appeared to have a high recovery of the flavan-
3-ol gallocatechin (17.35%) and caffeic acid (53.97%) as
well as some phenolic diterpenes. From the characteristic
compounds, we can assume that the antibacterial activity
of rosemary solid residue extracted with 20% ethanol prob-
ably originates from these individual phenolic compounds.
In addition, the mechanism of action of these phenolic com-
pounds has not yet been thoroughly explained, however, only
a few studies have assumed that phenolic compounds such
as phenolic acids have the ability to prevent bacteria growth
due to their pro-oxidant characteristics and alteration of
hydrophobicity and cell surface charge, which ultimately

Table 4 Effect of ethanol/water
concentration on antimicrobial

Samples Inhibition diameter (mm)

activity of rosemary solid

Escherichia coli Gram —

Listeria innocua Gram+  Geotrichum sp.  Rhodotorula glutinis

residue extracts
100% 7.083 +£0.076%

80% 7.10+0.02°
60% 7.13+0.5°
50% 7.15+0.05
40% 7.25+0.05
20% 7.35+0.05
0% 7.15+0.05%
c* 31+1°

7.083+0.083* 10.5+0.5 20.5+0.5%
7.11+0.14° 13.05+0.004°  21.11+0.6
7.12+0.3% 14.10+0.2% 21.5+1.0%
7.133+0.152° 16+0.8¢ 26+1.2%
7.166+0.163? 15.5+0.5% 23.66+0.57*
8+0.1° 16.5+0.3 25.5+0.5%
7.316+0.02° 13.16+0.15° 20.5+0.5
30+0.6° 35+1° 28+1°

C* Cycloheximide was used as a positive control against fungi and gentamicin against bacteria

The difference between values in the same column followed by the same lowercased letter is not significant

(p < 0.05). Mean =+ standard error (n=3)
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leads to cytoplasmatic deposition and cell cracking and for-
mation [66].

Compared to the antibacterial activity, the 50-20% etha-
nol range was found to be the best for the highest potential
against the mold Geotrichum sp. and the yeast Rhodotorula
glutinis. As can be seen in Table 4, the solid residue of rose-
mary extracted from a high-water content mixture inhibits
fungi more than the high ethanol- mixture, and this could be
related to the structure of the extracted phenolic compounds.
Furthermore, the 20% ethanol extract was revealed to be
the most effective against the mold Geotrichum sp., while
the 50% ethanol extract was found to be the most repres-
sive for the yeast Rhodotorula glutinis. These differences
results can potentially be explained by the chemical profile
of each extract. Taking into account the HPLC peak areas
of the two extracts, the 20% ethanol extract represents over
54% of caffeic acid, tracked by some flavonoids and phenolic
diterpenes including rosmanol, carnosol, and carnosic acid.
Jordan et al. [67] studied the effect of phenolic diterpenes
on the antimicrobial activity, founding a significant effect on
improving antimicrobial activity of rosemary extracts. From
these reports, we can conclude that the strong inhibition of
the 20% ethanol extract against the mold Geotrichum sp.
can be attributed not only to the high caffeic acid content,
but also to the other phenolic compounds. On the contrary,
the 50% ethanol extract was observed to be the only extract
that recovered the most polar compounds, for which an equal
amount of phenolic acid; caffeic acid and rosmarinic acid
were found representing 50% of the total peak area, fol-
lowed by some flavonoids. Based on the literature data, the
combination of phenolic acids and flavonoids are already
known for their high antifungal activity, as these polyphe-
nolic compounds inhibit the growth of fungi by causing cell
surface damage and breakage of the anterior septum in their
fungi [68].

Therefore, the results of our study demonstrate that 20%
ethanol is the best concentration for the inhibition of the
pathogenic bacteria Listeria innocua ATCC 33,090 (gram-
positive) and Escherichia coli ATCC25922 (gram-negative)
as well as the mold Geotrichum sp, while 50% ethanol is
strongly suggested for the yeast Rhodotorula glutinis.

It should be noted that this research focused primarily
on solid residues of Rosmarinus tournefortii de Noé in the
eastern region of Morocco. The lack of solid residue extracts
indicates that our findings should be additionally explored
in future work.

Conclusion

The present study has demonstrated a significant effect
(p <0.05) of the ethanol/water concentration on the phenolic
compound’s composition as well as the antioxidant and the

antimicrobial activity of the hydrodistillated solid residues
of Rosmarinus tournefortii de Noé. A different ratios of
ethanol/water solvents were crucial for the efficient extrac-
tion of phenolic compounds using the traditional maceration
technique. Moreover, 80% ethanol in water solvent showed
the highest TFC and extraction yield, while the TPC value
was found in the 40% ethanol extract. Taking into account
the HPLC peak areas of the phenolic compounds of rose-
mary extracts, 80% and 100% ethanol were found containing
the major phenolic compounds, which therefore suggest that
there was no meaningful relation between the TPC value and
the number of phenolic compounds. These differences can
be explained by the fact that the highest recovery of phenolic
compounds does not necessarily depend on the highest mass
extraction yield, but also on the reaction degree of the phe-
nolic compounds with the Folin-Ciocalteu reagent, adhering
to the traditional theory of structure-activity relationship,
according to which the order of activity is inversely related
to the availability of hydroxyl groups on the aromatic ring.
Considering the selectivity of the phenolic compounds’
extraction, the best ratio of individual phenolic compounds
was found to be in the range of 40-0% ethanol, except ros-
marinic acid, which was found to be maximized in the pure
ethanol. Gallocatechin, caffeic acid, and carnosic acid were
preferentially extracted with 20% ethanol, also the two fla-
vonoids homoplantaginin, scutellarein, and apigenin were
highly recovered with 40% ethanol. Indeed, cirsimaritin and
carnosol were extremely extracted with 0% ethanol. These
findings can be supported by the high selectivity of the pres-
ence of water in the system which can enhance the swelling
of the plant materials, thus increasing the contact between
the surface area of the plant matrix and the solvent.

Furthermore, the decrease in ethanol concentration from
60 to 40% increased the antioxidant activity of rosemary
extracts, which is in the same line of TPC value, while for
the antimicrobial activity the range of 50-20% ethanol con-
centration are revealed. Based on the obtained results, the
40% ethanol extract can be strongly recommended for its
highly antioxidant and antimicrobial activities. In fact, 20%
ethanol extract was the most promising antibacterial activity
against Listeria innocua ATCC 33,090 (gram-positive) and
Escherichia coli ACTCC 25,922 (gram-negative) as well
as against the mold Geotrichum Sp., while 50% ethanol
was found to be the most repressive for the yeast Rhodoto-
rula glutinis. These results can be related to the reduction
abilities of each phenolic compounds against the microbial
strains and free radicals. Overall, this study reinforces the
industry's interest in the importance of ethanol/water con-
centration on the desired target compounds to be extracted
and that these solid residue extracts can also be used as a
vital source of bioactive compounds with a strong antioxi-
dant and antimicrobial activity.
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