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Abstract: Stinging nettle (Urtica dioica) is a plant well known in traditional medicine for its many
beneficial properties, but the lack of standardization regarding the product to offer to consumers
limits its diffusion. To this end, drying appears to be a useful technique to offer a low-cost product that
can be stored for long time, but the different drying procedures may give rise to end-products of very
different quality as nutraceutical and antioxidant compounds. Nettle leaves have been dehydrated
employing freeze-drying (FD), oven-drying (OD) or heat pump drying (HPD) and compared with
fresh leaves following water extraction to emulate the use by final consumers. Results indicate that
the best dehydration technique is HPD, which apparently gives rise to more than a doubling of total
phenols and antioxidant activity in the extract compared to the water extract obtained from fresh
leaves but a reduction in the level of ascorbic acid of about 39%. In addition, the content of some
phenolic compounds is 10 to over a hundred times higher in the extract after HPD than that obtained
from fresh samples. This confirms that the dehydration technique should be tuned in relation to the
compounds of greatest interest or value.

Keywords: stinging nettle; freeze-drying; oven-drying; heat pump drying; total phenolic compounds;
antioxidant activity

1. Introduction

Urtica dioica L., commonly named stinging nettle, is an herbaceous perennial plant
belonging to the family of Urticaceae and native of Eurasia. Its medicinal properties are well
known, with a wide historical background of the use of its stems, leaves and roots [1]. Re-
cent reviews by Kregiel et al. [2] and Grauso et al. [3] revealed the isolation by stinging nettle
leaves of some important phenolic compounds such as caffeic acid, hydroxybenzoic acid,
vanillic acid, coumaric acid, gentisic acid, protocatechuic acid, gallic acid, syringic acid,
quinic acid and many caffeic and quinic acid derivatives, quercetin, catechin, pelargonidin
and apigenin in both the glycosidic and non-glycosidic forms, performed by other authors.
The stinging nettle leaves also revealed the presence of important compounds belong-
ing to the terpenoid and carotenoid classes such as 3-oxo-a-ionol, 3-hydroxy-damascone,
3,5,5-trimethyl-4-(1-oxo-2-buten-1-yl)-3-cyclohexen-1-one, 4-(4-hydroxy-2,6,6-trimethyl-1-
cyclohexen-1-yl)-3-buten-2-one, 4-(3-hydroxy-1-butyn-1-yl)-3,5,5-trimethyl-2-cyclohexen-
1-ol and 3-hydroxy-5,6-epoxy-b-ionol as well as lutein, violaxanthin, neoxanthin, lycopene
and (3-carotene. Thanks to the phytochemical composition of stinging nettle leaves, this
species has traditionally been used to counteract cardiovascular diseases, especially hyper-
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tension, but also for its anti-microbial, anti-inflammatory, antirheumatic and acute diuretic
effects [2].

Understanding of the molecular mechanisms underlying the nutraceutical effects may
open a new horizon for new therapeutic strategies [1].

Natural products, both pure compounds and standardized plant extracts, offer unlim-
ited opportunities as drug sources due to the unequaled availability of chemical diversity.
The leaf extract of stinging nettle was one of the herbal remedies for which experimental
and clinical trials have complemented each other [1].

Owing to the growing demand for higher productivity of stinging nettle and, at
the same time, for higher product quality and lower operating costs, as well as reduced
environmental burden, drying technologies have drawn extensive concern. Indeed, oven-
drying (OD), the most traditional method, is widely used nowadays for post-harvest
processing and storage of a large variety of plant products. However, its long drying
time and the use of high temperatures usually decrease product quality because of the
degradation of nutritional and nutraceutical compounds, color and flavor. The OD process
also has high energy consumption, low efficiency and low productivity. Conversely,
the freeze-drying (FD) method may ensure the preservation of the most thermolabile
compounds in raw materials, yielding a dried product with high quality. Some authors
have studied the quality of plant material following these drying methods, reporting a
higher efficiency of the FD method as compared with OD in terms of retention of phenolic
compounds, antioxidant activity and other beneficial properties [4-6]. A new drying
technology named heat pump drying (HPD), consisting of a constant airflow passage
in a sealed environment, is increasingly being used for plants and food because it is an
energy-efficient and economically feasible drying device for the production of high-quality
dried foods and biomaterials [7]. In an example of this process, the temperature was kept
at or below 35 °C. In the first passage of air in the dryer, the air had a low moisture and
a constant temperature; then, the same air was cooled, and at this step, the moisture was
represented by the sum of the moisture of the air and of the leaves. Subsequently, the same
air was heated again and sent back to the main chamber to meet new U. dioica leaves to
dry [8]. Some authors observed that HPD was more effective in the preservation of phenolic
compounds, volatile compounds, ascorbic acid and antioxidant activity in plant materials
or fruits than OD and FD [9-11]. However, little information about HPD is available in
the literature.

The duration and the temperature of the drying process are the most important
factors affecting the chemical, nutraceutical and organoleptic quality of dehydrated plant
products, and the selection of the optimal drying method depends on quality requirements,
the characteristics of the raw material and the market price of the final product [6].

Therefore, an evaluation of the main classes of nutraceutical compounds at the time of
storage could help consumers and producers to understand the potential of this species to
be marketed in the most appropriate way. Given all of the above, the objective of this study
was to evaluate the effects of three different drying methods on the content of phenolic
compounds and ascorbic acid and the antioxidant activity of fresh and dried leaves of U.
dioica collected in the wild. Leaves were dried with different methods: freeze-drying (FD),
oven-drying (OD) and heat pump drying (HPD).

2. Materials and Methods
2.1. Material Preparation

Samples from the species U. dioica L. were collected as wild during July 2020 in the
“I1 Corniolo” farmhouse, located in Castiglione di Garfagnana, Lucca Province, north of
Tuscany, Italy (approximately 400 m. a. s. I). Plants with a similar height and leaf number
were randomly sampled with a cut approximately 5 cm above the soil. Samples were placed
in damp plastic bags to prevent tissue dehydration and transported to the laboratory within
1-2 h. Once in the laboratory, healthy leaves with uniform color, dimensions and texture
were detached from the plants and their petioles were removed. Five pooled samples were
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prepared with the leaves collected from 20 individual plants; afterwards, sub-samples
were analyzed fresh or after dehydration with FD, OD or HPD. Sub-samples of fresh plant
material were frozen in liquid nitrogen and stored at —80 °C while dried sub-samples were
stored at room temperature until laboratory analyses, which were performed within one
month from the harvest.

2.2. Leaf Drying

Leaves were freeze-dried (FD) using a standard unheated chamber of dimensions
215 mm J x 300 mm height (Telstar LyoQuest-55, Milan, Italy) at a vacuum pressure of
100 Pa and a final condenser temperature of —55 °C until the plant material reached a
constant weight (2 days), determining, in this way, the dry weight (DW) of FD leaves.
Oven-drying (OD) was performed at 105 °C using a laboratory electric thermostatic oven
(Memmert GmbH + Co. KG Universal Oven UN30, Schwabach, Germany) until the
plant material reached a constant weight (2 days), determining the DW of OD leaves. An
apparatus manufactured by North West Technology, Cuneo, Italy (model NWT-35), was
used for heat pump drying (HPD) at a temperature below 35 °C until the plant material
reached 15% moisture (2 days for U. dioica leaves). The DW of HPD-treated and fresh leaves
was determined using the same thermostatic electric oven used for the OD treatment at
60 °C until constant weight.

2.3. Extraction Preparation for Total Phenolic Content and Antioxidant Activity Assays

Leaf samples (1 g) were homogenized in 4 mL of an 80% (v/v) aqueous solution of
methanol, sonicated with a sonicator (Digital ultrasonic Cleaner, DU-45, Argo Lab, Modena,
Italy) for 30 min and then centrifuged with a laboratory centrifuge (MPW 260R, MWP Med.
instruments, Warsaw, Poland) at 10,000 x g for 15 min at 4 °C. Supernatant was stored at
—80 °C until analysis.

2.4. Total Phenolic Content

Total phenolic content was determined according to Dewanto et al. [12] with minor
modifications. Extracted samples (10 pL) were added to a solution of 115 pL deionized
water and 125 pL Folin-Ciocalteau reagent. Blank solution was utilized with 10 pL distilled
water. Samples were stirred for 6 min and then 1.25 mL 7% (w/v) Na,CO3; was added to
stop the reaction. Samples were incubated for 90 min at room temperature and the increase
in the absorbance at 760 nm was measured against the blank solution with an Ultrospec
2100 Pro spectrophotometer (GE Healthcare Ltd., Little Chalfont, UK). Gallic acid was
used as a standard and the results (even for fresh leaves) were expressed as mg gallic acid
equivalents per g DW (mg GAE g~! DW).

2.5. 2,2-Diphenyl-1-Picrylhydrazyl Hydrate (DPPH) Free Radical Scavenging Assay

The 2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH) free radical scavenging capacity
of each sample was determined according to Brand-Williams et al. [13]. Briefly, 2-10 uL of
extract was added to a 3.12 x 10~> M solution of DPPH in methanol:water 80:20 (v/v) to a
final volume of 1 mL. The change in absorbance at 515 nm was measured after 30 min of
incubation. The antioxidant activity based on the DPPH free radical scavenging ability of

the extract (even for fresh leaves) was expressed as mg of Trolox equivalent antioxidant
capacity (TEAC) per g DW.

2.6. Ferric Reducing Antioxidant Power (FRAP) Assay

The ferric reducing ability was measured following the method described by Benzie
and Strain [14] with some modifications. The ferric reducing antioxidant power (FRAP)
reagent was prepared mixing 10 mM 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ) in 40 mM
HCI solution with an identical volume of 20 mM FeCl; and with ten volumes of 0.3 M
acetate buffer (pH 3.6). The mixture was warmed at 37 °C for five minutes prior to the
analysis; then, 1 mL of FRAP reagent was mixed with 25-50 puL of sample extract and with
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distilled water at 37 °C to a final volume of 2 mL. Then, the mixture was incubated at 37 °C
for 30 min and absorbance was read at 593 nm. All results were expressed in mg Trolox
equivalents per g DW (mg TEAC g~! DW).

2.7. Extracion of Phenolic Compounds

The extraction of phenolic compounds was performed according to Zhou et al. [15] at
a ratio of 1:20 (w/v). Water extraction was preferred because it has no negative impact on
health and the environment. Briefly, the samples were finely ground in a mortar and then
extracted with water at 100 °C at reflux for 20 min; they were then centrifuged for 20 min at
5000 % g, and the supernatant was filtered at 0.45 pm with a polytetrafluoroethylene filter
before HPLC analysis.

2.8. Phenolic Compounds’ Characterization

Phenolic characterization and quantification on leaf extracts were carried out using an
Agilent 1200 High Performance Liquid Chromatography (HPLC) System (Agilent Tech-
nologies, Palo Alto, CA, USA) equipped with a standard autosampler and an Agilent
Zorbax Extend-C18 analytical column (5 x 2.1 cm, 1.8 um), as reported by Negro et al. [16].
The HPLC system was coupled to an Agilent diode-array detector (wavelength 280 and
365 nm) and an Agilent 6320 TOF mass spectrometer. Detection was carried out within a
mass range of 50—1700 m/z. Accurate mass measurements of each peak from the total ion
chromatograms (TICs) were obtained by means of an ISO Pump (Agilent G1310B) using a
dual nebulizer electrospray ionization source that introduces a low flow (20 pL. min~1) of
a calibration solution containing the internal reference masses at m/z 112.9856, 301.9981,
601.9790 and 1033.9881, in negative ion mode. The compounds were quantified using cali-
bration curves of authentic standards (caffeic acid and rutin). Standards were solubilized
in methanol:water 80:20 (v/v) and diluted with water:formic acid 99.9:0.1 (v/v) at a final
concentration of 0.5-10 pg/mL.

2.9. Total Ascorbic Acid Content

Ascorbic acid content was measured spectrophotometrically using the method de-
scribed by Kampfenkel et al. [17] with some modifications. Extractions were carried out
with the homogenization of 0.3 g fresh material with 1 mL 6% (v/v) trichloroacetic acid
followed by centrifuging for 10 min at 10,000 g at 4 °C. Immediately after extraction, the
analysis was performed by adding 50 uL supernatant to 50 uL 10 mM dithiothreitol (DTT)
and to 100 L 0.2 M Na-P buffer (pH 7.4). Samples were stirred and incubated for 15 min
at 42 °C in a water bath. Then, 50 uL 0.5% (w/v) N-ethylmaleimide (NEM) was added
and samples were stirred again. After 1 min of stirring, 250 uL 10% (v/v) trichloroacetic,
200 pL 42% (w/v) orthophosphoric acid, 200 uL 4% (w/v) 2,2'-bipyridine (diluted in 70%
(v/v) ethanol 70% (v/v)) and 100 pL 3% (w/v) FeCl; were added to samples. The increase in
absorbance at 525 nm was measured against a blank solution (with 6% (v/v) trichloroacetic
acid instead of supernatant) after 40 min of incubation at 42 °C in a water bath. All results
were expressed as mg ascorbic acid per g DW (mg g~ DW).

2.10. Statistical Analysis

To determine the effect of different drying methods, a one-way ANOVA was per-
formed using GraphPad software (GraphPad, La Jolla, CA, USA). Bartlett’s test was used to
verify the normality of the data. Mean values + standard deviation (SD) of 5 replicates for
each treatment were compared using the least significant difference (LSD) test at p = 0.05.

3. Results and Discussion

Temperature and duration of treatment are the determining factors for the selection of
the most efficient drying method to retain phenolic compounds and ascorbic acid in plant
materials [18,19]. Indeed, specific variations of temperature in the different drying methods
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may protect against the degradation of these components, leading to the maintenance or
the enhancement of the product quality of the analyzed plant material.

In this study with U. dioica leaves, the total phenolic content and antioxidant activity
(as analyzed with both DPPH and FRAP assays) were significantly higher in HPD-dried
leaves than in fresh leaves and in those dried with FD and OD (Figures 1 and 2). Then,
the FD-dried leaves had higher phenolic content and antioxidant activity than the OD-
dried leaves, whilst the lowest values of these quantities were found in fresh material
(Figures 1 and 2).

400

—|c“

Total phenolic content

0- T
Fresh FD OD HPD

Figure 1. Total phenolic content of fresh or dried leaves of U. dioica plants collected in the wild.
Leaves were dried with different methods: freeze-drying (FD), oven-drying (OD) and heat pump
drying (HPD). Means keyed with a different letter are significantly different for p = 0.05 following
least significant difference (LSD) test.
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Figure 2. Antioxidant activity of fresh or dried leaves of U. dioica plants collected in the wild. Leaves were dried with

different methods: freeze-drying (FD), oven-drying (OD) and heat pump drying (HPD). Antioxidant activity was determined
with two different assays: 2,2-diphenyl-1-picrylhydrazyl hydrate (DPPH) (a) and ferric reducing antioxidant power (FRAP)
(b). Means keyed with a different letter are significantly different for p = 0.05 following LSD test.

The higher total phenolic content of HPD leaves compared to FD or OD leaves could
be linked to a more efficient extraction of the insoluble phenolic compounds from the
dried or fresh leaves—for instance, phenolic acids or condensed tannins [20-22] linked
to cell wall polysaccharides or, more specifically, proteins [23,24]. Indeed, the moderate
heat treatment (<35 °C) used by the HPD may have determined the cleavage of the
phenolic sugar glycosidic bonds and the formation of phenolic aglycons, which react
better with the Folin—-Ciocalteu reagent, thus leading to higher values of the total phenolic
content [24]. Conversely, the higher (105 °C) temperature in the OD method probably led



Horticulturae 2021, 7, 10

6 of 12

to the degradation of some phenolic compounds and a more efficient water extraction of
phenolic compounds as well as the cleavage of the phenolic sugar glycosidic bonds.

On the other hand, FD resulted to be an intermediate drying method in terms of
maintenance of the phenolic compounds or even an enhancement of their extraction from
the leaves. In fact, this method involves the formation of small ice crystals inside the cell
and their rapid expulsion from the cell during the freezing [6,23]. The rapid expulsion of
the ice crystals allows the maintenance of the cell structures and, therefore, the retention
of phenolic compounds and vitamins, and the total expulsion of humidity allows a long
preservation of plant samples. These characteristics led to the common use of FD as the
extraction pre-treatment of plant materials under analysis [25,26]. In the present study, the
content of the analyzed phytochemicals was similar in FD leaves and in fresh leaves. The
reason for the lower recovery of phenolic compounds from fresh leaves than that from FD
leaves remains to be elucidated in further research.

Nevertheless, the phenol content found in fresh U. dioica leaves (Figure 1) is in agreement
with previous findings [27,28]. For example, Shonte et al. [28] reported 118.4 mg GAE g~! DW
in fresh stinging nettle leaves and 121.5 and 128.7 mg GAE g~! DW in FD and OD
leaves, respectively. In contrast, lower values (79 mg GAE g~! DW) were found by Car-
valho et al. [29] in wild stinging nettle leaves from the Serra de Estrela region in Portugal
and by Hudec et al. [30] in stinging nettle leaves (5.38 mg GAE g~! DW) of cultivated
plants in the area of Nitra, in Slovakia. The differences in the phenolic contents found in
this study and by other authors may be due to genetic differences between the plants used
and growing conditions.

Similar to the total phenolic content results, the values of antioxidant activity resulted
higher in the HPD leaves when compared with fresh, OD and FD samples (Figure 2a,b).
The higher antioxidant activity in HPD leaves with respect to the other leaves could be
due to different reasons: (i) release of bound antioxidant substances (such as phenolic
compounds) by disrupting the cell structure and by obtaining a natural extraction for
the analysis [31]; (ii) formation of new antioxidants such as Maillard reaction products
(melanoidins) resulting from thermal chemical reaction; (iii) suppression of oxidation by
thermal inactivation of oxidative enzymes of antioxidants such as polyphenol oxidase [32].
Indeed, a heat treatment at moderate temperature (50 °C for 5 h) inactivated polyphenol
oxidases in extracts from aerial parts of Phyllanthus amarus [32]. However, the HPLC
analysis did not reveal the presence of different phenolic compounds in HPD leaves with
respect to the other treatments (Figure 3 and Table 1).

The temperature (105 °C) used in OD leaves apparently resulted in too high of an
increase in the release of phytochemicals, even though we observed a slightly higher-level
small increase in antioxidant activity in comparison to fresh leaves (Figure 2a,b).

Table 1 shows the HPLC analysis of the stinging nettle leaves under investigation,
confirming the total phenolic compounds and antioxidant activities data (Figures 1 and 2).
The qualitative analysis mainly shows the presence of some caffeic acid isomers, both free
and combined with quinic or malic acid, and some flavonoids such as rutin, isoquercetin
and isorhamnetin rutinoside [20-22].
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Figure 3. Phenolic profile of fresh or dried leaves of U. dioica plants collected in the wild. Leaves were dried with different methods: freeze-drying (FD), oven-drying (OD) and heat pump

drying (HPD). The blue line represents the chromatogram of fresh leaves, the orange line the chromatograph of freeze-dried leaves, the green line the chromatogram of the oven-dried

leaves and the black line the chromatograph of the heat pump-dried leaves. Numbers refer to the identified phenolic compounds reported in Table 1.
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Table 1. High performance liquid chromatography/diode array detector/mass spectrometry-time-of-flight (HPLC/DAD/MS-TOF) tentative identification and quantification of the

phenolic compounds extracted from fresh or dried leaves of U. dioica plants collected in the wild. Leaves were dried with different methods: freeze-drying (FD), oven-drying (OD) and heat

pump drying (HPD).
uantification (mg/g DW
Peaks RT (min) Molectilar fon m/z Exp. mlz Calc. Error (ppm) Tentative Identification Q (mg/s ) References
[M-HI~ (m/z) Fresh FD oD HPD
1 0.580 CyH110¢ 191.0574 191.0561 —6.72 Quinic acid * 0.08 + 0.05¢ 0.19 +£0.05b 0.18 £ 0.04 b 0.25 +0.03 a [16]
2 2.534 Ci13H1109 311.0424 311.0409 —4.86 Unknown nd nd nd nd -
3 3.925 C16H1709 353.0916 353.0878 —10.67 Caffeoylquinic acid 1 0.80 £0.05d 3.88+0.04b 3.02 +0.03 ¢ 7.60 £0.02a [33,34]
4 5.636 CoH704 179.0364 179.0350 —8.01 Caffeic acid * 0.15+0.01b 0.16 £ 0.03b 0.16 £ 0.03b 0.40 +£0.02a [33,34]
5 6.177 C16H1709 353.0907 353.0878 —8.27 Caffeolquinic acid 2 0.10+0.01d 0.88 +£0.04b 0.60 + 0.03 ¢ 192 +0.02a [33,34]
6 6.754 C16H1709 353.0885 353.0878 1.98 Caffeoylquinic acid 3 0.75+0.02d 5.32 +£0.03b 4.32 +£0.03 ¢ 9.60 + 0.03 a [33,34]
7 7.255 C16H1709 353.0914 353.0878 —10.13 Caffeoylquinic acid 4 0.10£0.01d 0.68 +£0.02 ¢ 1.04 +0.03b 1.61 +0.03 a [33,34]
8 7.795 CoeHp3016 591.1059 591.0992 —11.44 Caffeoylmalic acid dimer 0.85+0.02d 2472 £0.04b 19.20 £ 0.02 ¢ 3581 £0.03a [22,33,35]
9 8.303 C13H110g 295.0470 295.0450 6.77 Caffeoylmalic acid 0.10£0.01d 3.02+0.02c¢ 8.02+0.04b 13.68 + 0.05 a [22,33,35]
10 9.639 C190HoOy4 193.0526 193.0506 —10.11 Ferulic acid * 0.024+0.01c¢ 0.08 +0.01 a 0.05+0.02b 0.10 £ 0.03 a [34]
11 9.910 Co7H19012 609.1499 609.1461 —6.27 Rutin * 0.30 £0.02d 1.40 +0.03b 0.44 +0.02 ¢ 225+ 0.04a [22,33,34]
12 10.020 Cp1H3104¢ 463.0912 463.0882 —6.58 Isoquercetin * 0.21 £0.03d 0.24 +£0.03b 0.12 +0.04 ¢ 0.84 +0.02a [33]
13 11.184 CogH3101¢ 623.1639 623.1618 —3.45 Isorhamnetin rutinoside 0.05£0.01b 0.04 £0.02 ¢ 0.02+0.01d 0.06 £ 0.01a [22]
14 16.379 C14H1704 249.1130 249.1132 1.05 Unknown nd nd nd nd -

m/z exp.: m/z experimental; m/z calc.: m/z calculated; Error: difference between the observed mass and the theoretical mass of the compound (ppm); nd: not detected; different letters indicate significant differences
for p = 0.05 following least significant difference (LSD) test. * Confirmed by the authentic chemical standard.



Horticulturae 2021, 7, 10

9of 12

The most abundant phenolic acid was the caffeoylmalic acid dimer, with values
between 19.20 and 35.81 mg g~ ! DW for OD and HPD samples, respectively. In addi-
tion, the isomers of caffeoylquinic acid were more abundant in the HPD sample, with
20.73 mg g~ ! DW, twice the value obtained from the OD sample (10.76 mg g~! DW), thus
confirming that the HPD technique preserves more phenolic compounds. Regarding
flavonoids, the most representative one was rutin, whose quantity in the HPD sample
reached 2.25 mg g~! DW. The values obtained were coherent with those reported in the
literature. In fact, Grevsen et al. [33] reported amounts of caffeoylmalic acid approx-
imately between 7 and 22 mg g~! DW and caffeoylquinic acid values between 3 and
18 mg g~! DW in different accessions of U. dioica. Besides, Or¢i¢ et al. [34] reported a con-
tent of caffeoylquinic acid variable between 1.2 and 28 mg g~! DW, while Vaji¢ et al. [35]
showed amounts of caffeoylmalic acid up to 1.03 mg g~! DW in water extract and of
1.64 mg g~ ! DW in 50% methanol extract. Or¢i¢ et al. [34] indicated rutin content between
0.002 and 4.6 mg g~! DW, and Grevsen et al. [33] found contents up to 14.5 mg g~! DW,
depending on the harvest time. Virtually all samples showed very high levels after HPD
compared to fresh leaves; interestingly, caffeoylmalic acid and its dimer were particularly
enriched in HPD samples, up to 42 and 136 times, respectively, while only isorhamnetin
rutinoside did not show an increment after dehydration, showing a slight reduction for
FD and OD samples and a slight increase for HPD leaves. As discussed previously, this
phenomenon deserves further investigation.

While all drying methods increased the total phenolic content and the antioxidant
capacity of stinging nettle leaves, the total ascorbic acid content was significantly lower
in FD (—36%), OD (—55%) and HPD (—39%) leaves than in fresh leaves (Figure 4). As
reported before, FD is usually used as an extraction pre-treatment in plant materials during
vitamin and phenolic content analyses. Nevertheless, in the present study, this drying
technique resulted in adverse retention of ascorbic acid with a decrease of 36% compared to
fresh leaves. However, these findings agree with those reported by Shonte et al. [30]. These
authors found a loss of 12% and 22% in FD and OD stinging nettle leaves, respectively,
with values of 14.2, 11.8 and 9.9 mg g ~! DW in fresh, FD and OD leaves, respectively. Some
studies reported that the loss of total ascorbic acid in dried food products can range from
10% to more than 50% depending on drying temperature [28,36]. This loss is mainly due
to chemical degradation involving the oxidation of ascorbic acid to dehydroascorbic acid,
followed by hydrolysis to 2,3-diketogulonic acid and subsequent polymerization to form
other nutritionally inactive products [37].
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Figure 4. Total ascorbic acid content of U. dioica collected fresh or subjected to three different drying
methods. FD: Freeze-drying; OD: Oven-drying; HPD: Heat pump drying. Means keyed with a
different letter are significantly different for p = 0.05 following LSD test.
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4. Conclusions

The presented data clearly indicate that the best dehydration technique is HPD since
the resulting aqueous extract exhibited a high content in total phenols and a high an-
tioxidant activity, as well as considerable levels in some phenolic compounds such as
caffeoylmalic acid and caffeoylmalic acid dimer. Besides, the OD technique resulted in a
high reduction in the ascorbic acid content (55%), and a lower decrease in this antioxidant
compound was found when using the FD and HPD techniques compared with the reduc-
tion showed using the OD technique. Therefore, all three dehydration techniques appear
to be efficient in favoring the extraction of phenols in water but adverse for ascorbic acid.
Few studies have reported the quantification of total ascorbic acid in stinging nettle leaves
in the literature; thus, this study can implement the knowledge of the quantification of this
bioactive compound as well as show the loss of total ascorbic acid after the use of drying
methods on plant leaves.
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