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Fresh basil and parsley leaves are perishable and they are often processed by drying, which is an energy-consuming process and contributes to 
nutrient degradation. These downsides can, however, be mitigated by various pre-drying treatments. Thus, the objective of this study was to assess 
the impact of different treatments (ultrasound, steaming, dipping) and their duration (20, 30 min) on contents of chlorophylls and lutein (analyzed 
by UPLC-PDA), total phenolic content (TPC), as well as antioxidant capacity (determined as DPPH radical scavenging activity) in basil and parsley 
leaves. The changes in the chemical properties after treatments were more significant in the case of basil than parsley, probably due to a lower thickness 
of leaf epidermis layer and stiffness of the former. In comparison to fresh leaves, enhanced extractability of chlorophyll a after all treatments and TPC 
after dipping for 20 min, was observed in basil. In parsley, instead, the chlorophyll content remained unchanged after treatments, but TPC decreased. 
Lutein content remained stable in both herbs following different treatments. Irrespectively of the treatment type, the TPC and antioxidant capacity were 
higher after 20 min of basil treatments, while in the case of parsley, higher TPC was determined after longer treatments (30 min). The study demon-
strated that the investigated treatments could preserve or even enhance the chemical properties of herbs.
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INTRODUCTION

Basil and  parsley are seasoning herbs widely cultivated 
and distributed in a dried form to nearly every part of the world. 
They feature high antioxidant activity linked to the  content 
of  vitamin C, carotenoids, phenolics, and  other antioxidants 
[Boggia et  al., 2015; Pérez-Gálvez et  al., 2020; Śledź et  al., 
2013]. Currently, there is a lot of interest in their potential use 
as ingredients in functional foods, which is due to the high con-
tent of natural antioxidants (including phenolics) and essential 
oils [Ahmed et  al., 2019; Liberal et  al., 2020]. Certain com-
pounds present in basil, especially quercetin and ursolic acid, 
have been proved to inhibit the formation of nitric oxide II – an 
inflammatory factor mediating cancer development. Its anti-
inflammatory properties have also been confirmed in the treat-
ment of conjunctivitis and eyeball inflammation, skin diseases, 

and asthma; it has also been proved to act as an antipyretic 
agent [Kurian, 2012]. Also parsley can exhibit anti-inflamma-
tory properties by reducing the secretion of histamine, as well 
as a multitude of other activities, like antipyretic, stimulating 
digestion, relieving bloating and  colic, diuretic, carminative, 
stimulating menstruation, cleansing the  liver and  preventing 
kidney stones and  gout [Charles, 2012; Kurian, 2012; Peter, 
2012]. Many studies have shown the ability of its leaf extracts 
to scavenge free radicals [Charles, 2012; Liberal et al., 2020]. 
Moreover, studies have confirmed the  antimutagenic effect 
of parsley apigenin and myristicin, which inhibited the activity 
of  some enzymes responsible for pro-cancer transformations 
[Charles, 2012; Kurian, 2012]. Furthermore, such pigments 
as chlorophylls and carotenoids, apart from their role in pho-
tosynthesis and color perception, exhibit antimutagenic activ-
ity and antiseptic properties [Kopsell & Kopsell, 2006; Wang 
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et al., 2019]. It  is worth emphasizing that many studies have 
proved the antioxidant activity of not only carotenoids but also 
chlorophylls, although they are not generally classified as anti-
oxidants [Kopsell & Kopsell, 2006; Pérez-Gálvez et al., 2020]. 
Furthermore, chlorophyll has also been found capable of  ei-
ther inhibiting or reversing multi-drug resistance in  the  case 
of cancer cells and bacteria [Wang et al., 2019]. Among carot-
enoids, lutein is the main representative of xanthophylls, found 
in the leaves of higher plants [Murkovic et al., 2000; Perry et al., 
2009]. The presence of carotenoids in leaf chloroplasts is asso-
ciated with their function of transferring energy to chlorophylls. 
In addition, carotenoids neutralize free radicals formed under 
conditions of  excessive exposure, thus protecting the  entire 
photosynthetic apparatus of the plant. In an analogous way, lu-
tein and zeaxanthin perform their functions also in the human 
body [Krinsky et al., 2003]. In addition to antiradical activity, 
lutein also plays a key role in the visual process. Various stud-
ies have confirmed that lutein and zeaxanthin, present in high 
concentrations in the macula of the eye (even 1000 times higher 
than in  blood plasma [Hammond, 2008]), prevent the  age-
related development of  cataracts and  macular degeneration 
(AMD) [Krinsky et al., 2003]. Therefore, it is generally recom-
mended to consume large amounts of lutein-containing prod-
ucts to prevent the development of cataracts and AMD. Based 
on the  scientific literature [Rodriguez-Amaya, 2016], it  can 
be stated that among the commercial leafy vegetables, the best 
sources of lutein include (in a descending order): basil, parsley, 
spinach, coriander, kale, rocket, and chicory. 

Drying is the most common way of preserving herb leaves 
ensuring their microbial safety and  long shelf-life [Boggia 
et al., 2015; Chong et al., 2021]. Pre-treatments applied prior 
to the drying of vegetables are generally aimed at reducing pro-
cessing times and therefore decreasing the processing cost due 
to the lower energy consumption. Thermal treatments, such as 
blanching or steaming, can also reduce microbial load, inhibit 
enzymes, and enhance the extraction of components. However, 
even if they exert the aforementioned benefits, the use of high 
temperatures may decrease the  nutritional value of  herbs 
and cause undesirable color changes and degradation of heat-
sensitive compounds. For this reason, the interest in non-ther-
mal pre-processing of raw material before drying has increased 
in recent years, especially in relation to raw materials containing 
thermolabile compounds [Kaiser et al., 2013; Xiao et al., 2017]. 

Among different non-thermal technologies, ultrasound 
(US) treatment has gained particular attention, especially due 
to the uncomplicated construction of devices. From a physical 
point of view, US is a form of energy transmitted by a wave pres-
sure, which causes vibrations of air that is inaudible to the hu-
man ear. The effects of US on biological cells depend on many 
factors, often related to each other. In fact, different effects are 
observed when US propagates in  homogeneous liquids than 
in solid-liquid systems and two immiscible liquids [Mason et al., 
2011]. Cavitation, along with compression and  decompres-
sion of solid material and turbulences, especially those occur-
ring at the interface, are very important in intensifying the heat 
and  mass exchange during the  US treatment [Dadan et  al., 
2021; Nowacka et al., 2021; Witrowa-Rajchert et al., 2014].

The effect of US on the content of bioactive compounds 
in  leaves is not clear, and only a few related information can 

be found in the literature. The implosion of cavitation bubbles 
and the associated sudden and vast, although limited to a small 
area, changes in pressure and  temperature, as well as turbu-
lence of the medium, can activate a series of chemical transfor-
mations [Kentish & Ashokkumar, 2011]. The generation of free 
radicals may lead to the degradation of antioxidants [Dadan 
et  al., 2018]. Moreover, the  structural damages to the  tissue 
may increase the leakage of water-soluble components [Dadan 
et al., 2021; Gouda et al., 2021; Witrowa-Rajchert et al., 2014]. 
On the other hand, an increased content of some antioxidants, 
such as phenolics and carotenoids, and increased antioxidant 
capacity after US treatment were observed in  various matri-
ces, such as fresh and dried apple [Wiktor et al., 2016], carrot 
[Dadan & Nowacka, 2021] as well as dried thyme [Rodriguez 
et  al., 2013], basil [Sledz et  al., 2017], parsley [Sledz et  al., 
2016], and mulberry leaves [Tao et al., 2016]. For this reason, 
US treatment is more often used to extract various compounds 
(e.g. phenolics, chlorophylls, essential oils, etc.) from herbal 
materials [Gouda et al., 2021]. Moreover, it has also been ob-
served to increase the retention of these compouds in the dried 
material due to reduced drying time [Rodriguez et al., 2013]. 

In previous studies [Dadan et al., 2017; 2018; Sledz et al., 
2017], the  application of  US pre-treatment has been con-
firmed to reduce the drying time of basil and parsley leaves 
and  to preserve or even improve the  bioactive compound 
content in the final products. However, chemical parameters 
were measured only after the  drying process. The  present 
study was therefore expected to explain the influence of a sin-
gle treatment and  not of  both treatments (pre-treatment 
and drying) on herb quality. Thus, its objective was to assess 
the  impact of  different treatments (ultrasound, steaming, 
dipping) on the  total phenolic content (TPC), antioxidant 
capacity, and  contents of  chlorophylls and  lutein in  basil 
and parsley leaves.

MATERIALS AND METHODS

Material
Basil and  parsley seedlings were purchased in  a  gar-

den market (Cesena, Italy). The  seedlings of  a  similar de-
gree of  maturity were replanted and  placed in  a  room with 
limited access to sunlight for 3  weeks in  order to assure 
the homogeneity of the material. During this period, the air 
humidity and  temperature were kept constant at the  levels 
of 47.5÷50.0% and 18÷22°C, respectively. Afterward, healthy 
and mature leaves were picked directly before the treatments. 
All the experiments were concluded within 1 week. 

Treatments: ultrasound (US), steaming (STEAM), 
and dipping (DIP)

The ultrasound treatment (US) was performed by the im-
mersive method at the frequency of 35 kHz and the outlet pow-
er of 160 W using a water bath sonicator (TransSonic TP 690-
A, Elma, Singen, Germany) for 20 and 30 min. It caused water 
temperature to increase to max. 8 and 11°C after 20 and 30 min, 
respectively. Steaming (STEAM) was carried out in a single 
layer above boiling water (99±1°C) for 3  s. The  tempera-
ture was assured by covering the material placed on a  sieve 
with a lid. To ensure the same water/leaves contact time, after 
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3 s of the STEAM treatment, the leaves were kept in the wa-
ter for 20 and 30 min. A metal net provided full immersion 
of the herbs. Dipping (DIP) in water for 20 and 30 min was 
used to assess the impact of immersion during the treatments. 
All the  treatments were performed at the  water temperature 
of 22.3±1.6°C. For each treatment, 5.02±0.03 g of the herbal 
material on average were weighed and transferred into a beaker 
that was then filled with tap water. The material to water ratio 
was 1:40 (w/w). Immediately after the  treatments, the  leaves 
were placed on a filter paper to remove excess water and then 
left for 15 min to assure the same conditions. Afterward, to en-
sure sample homogeneity, the leaves were directly frozen, then 
freeze-dried, and ground into powder in a grinder. The powder 
was then used for all chemical assays. All the treatments were 
repeated 3 times.

Chlorophyll and lutein content
The contents of chlorophyll a and b, and lutein were deter-

mined according to the procedure described by Guzman et al. 
[2012] with modifications proposed by  Sledz et  al. [2016]. 
In brief, about 0.08 g (the accuracy of ±0.0001 g) of freeze-
-dried material, which corresponded to approximately 0.6 g 
of  fresh material, was weighed. Afterward, the  pigments 
were extracted with acetone 80% (v/v, 10°C) with an addition 
of magnesium carbonate (0.1 g). The supernatant was filtered 
through 2 μm PTFE filters. Five separate extractions were car-
ried out for each sample. 

The contents of chlorophylls and  lutein in extracts were 
determined using a  Waters ACQUITY UPLC system with 
a  photodiode array (PDA) detector (Milford, MA, USA) 
and a Waters ACQUITY HSS T3 C18 column. Solvent A was 
a  mixture of  acetonitrile/methanol/chloroform (74/19/7, 
v/v/v), and  solvent B was 0.05% (w/v) ammonium acetate. 
The  gradient elution of  mobile phase was used as follows: 
0–8 min – 85% A, 15% B; 8–9 min – eluent A from 85 to 100%; 
9–25 min – eluent A from 100 to 98%. The settings were as 
follows: injection volume  – 10  μL, injection temperature  – 
15°C, flow rate – 0.4 mL/min; column temperature – 35°C, 
detector setting  – 450  nm (lutein) or 650  nm (chlorophyll 
a and b). The compounds were identified based on the reten-
tion time of external standards of chlorophyll a, chlorophyll b, 
and lutein (Sigma-Aldrich, Burlington, MA, USA), while their 
contents were computed based on the peak area in compari-
son to the calibration curves of the standards.

Total phenolic content (TPC)
The  extraction of  phenolics from basil and  parsley leaf 

powders was carried out in three separate repetitions as de-
scribed by Śledź et al. [2013]. An ethanol solution at the con-
centration of  80% (v/v) was used as an extraction solvent. 
The  mass of  the  powder approximated 0.21  g in  the  case 
of parsley and 0.06 g in  the  case of basil. Different masses 
of the material taken to prepare the extract resulted from dif-
ferent scavenging activities of the two species. The material to 
solvent ratio was 1:25 (w/v). The mixture was homogenized 
(1  min, 30,000  rpm), boiled (2  min), and  filtered. The  ex-
tracts were stored at -18°C for no longer than 24  h. After 
removing the extracts from frozen storage, they were equili-
brated at room temperature (approx. 20°C), filtered again, 

and subsequently used for both TPC and antioxidant capac-
ity determinations.

The TPC was determined by the method with the Folin-
-Ciocalteu reagent [Singleton & Rossi, 1965] with modifica-
tions reported previously in detail [Dadan et al., 2018]. For 
this purpose, water, extract, and Folin-Ciocalteu reagent (8.2, 
0.3, and 0.5 mL, respectively) were mixed. After 3 min, sodi-
um carbonate was added (1 mL, 1.7 M), and the solution was 
stirred again. A blank sample was prepared in an analogous 
way, but the  extract was replaced with distilled water. After 
1  h of  storage in  the  dark at room temperature, the  absor-
bance was measured at 750 nm against the blank sample us-
ing a Shimadzu UV-1601 spectrophotometer (Kyoto, Japan). 
The determination was conducted in 6 repetitions. Gallic acid 
(Sigma Aldrich) was used as a  standard, and  the  calibra-
tion curve was plotted for the concentration range of 0.001– 
–0.020 mg/mL. The results were expressed in mg of gallic acid 
equivalents per g of dry matter of plant material (mg/g d.m.).

Antioxidant capacity
Various concentrations of basil and parsley extracts (pre-

pared as explained in  Total phenolic content (TPC) section) 
in  80% (v/v) ethanol were used to evaluate their antiradical 
activity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal (Sigma Aldrich) [Brand-Williams et  al., 1995]. A  con-
stant volume of  100  μM DPPH• solution was transferred 
into tubes containing the  extract and ethanol, and  the mix-
ture was immediately stirred and then stored in the dark for 
30 min [Dadan et al., 2018]. The absorbance was measured at 
515 nm against 80% (v/v) ethanol (Shimadzu UV-1601 spec-
trophotometer). Because the herbal extracts absorb radiation 
at 515 nm, the absorbance was measured for the extract (AE) 
without DPPH•. The percentage inhibition of the radical was 
calculated as follows [Dadan et al., 2018]:

%Inh = × 100
ADPPH – A – AE

ADPPH

� (1)

where: %Inh  – percentage inhibition of  DPPH radical; 
ADPPH – the  absorbance of  a  control sample  – a  DPPH• 
solution without extract; A – the absorbance of the extract 
with a  DPPH• solution; AE  – the  absorbance of  extract 
without DPPH•.

The  measurements were repeated 6  times. Afterward, 
the EC50 coefficient, characterizing an extract concentration 
required to scavenge 50% of DPPH radicals, was computed. 
The results were expressed in mg of dry matter of plant mate-
rial per 100 mL of the extract (mg d.m./100 mL).

Statistical analysis 
The significance of the differences between the analyzed 

results was assessed with the one-way ANOVA with Tukey’s 
test (Statistica 12, StatSoft Polska, Cracow, Poland). The nor-
mality was checked with Shapiro-Wilk’s test, whilst the  ho-
mogeneity of  variance with Levene’s test. The  significance 
of  the  influence of  treatment type, time or their interactions 
was assessed with the two-way ANOVA with repetitions (Mi-
crosoft Excel 2013, Redmond, WA, USA). The  significance 
level was set at 0.05 for all tests.
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RESULTS AND DISCUSSION 

Chlorophyll content
Figure 1 presents the contents of chlorophyll a (high bars) 

and b (low bars) in fresh and treated basil (Figure 1a) and pars-
ley (Figure 1b). In fresh basil, chlorophyll a and b contents were 
11.40±0.66 and 3.62±0.18 mg/g d.m., respectively. The total 
chlorophyll content reached 15.02±0.84 mg/g d.m., similarly 
as that reported by Landi et al. [2013]. 

All treatments caused a  significant (p<0.05) increase 
in the chlorophyll a content in basil, in comparison to fresh 
leaves. In turn, in  the case of chlorophyll b, its content was 
statistically unchanged (p≥0.05) following different treat-
ments. The highest content of chlorophyll a was determined 
in basil treated with US for 30 min (US 30 min) and it was 
significantly (p<0.05) higher than in  STEAM 20  sample. 
Higher extractability of, e.g., phenolics (including flavonoids), 
carotenoids, and essential oils, and/or better antioxidant ca-
pacity were reported in  various herbal matrices as a  conse-
quence of  US application [Gouda et  al., 2021; Rodriguez 
et al., 2013; Sledz et al., 2017; Tao et al., 2016]. The authors 
explained that the  increased extraction yield was due to 
the occurrence of cavitation and “sponge effect” causing cell 
disruption. In  the present study, steaming caused no differ-
ences in the chlorophyll content in basil compared to dipping. 

Kaiser at al. [2013] reported that steaming resulted in an in-
creased release of  components due to the  thermal damage 
of cellular structure and subcellular membranes. Also, Di Ce-
sare et al. [2003] demonstrated a higher content of  chloro-
phyll in  blanched basil after drying. It  can be  concluded 
that all treatments probably contributed to an impairment 
of  the  cells and/or membranes (e.g. thylakoid membranes 
of chloroplasts) in basil and then to a release of chlorophylls. 
In all basil samples, the contents of chlorophyll a and b were 
significantly affected by leaf dipping in water, which increased 
them irrespective of duration. Probably the dipping treatment 
contributed to loosening the structure and better extractability 
of the pigments from basil. 

In  the  case of  fresh parsley leaves (Figure  1b), lower 
chlorophyll contents were noted, i.e.: 6.21±0.74  mg/g d.m. 
for chlorophyll a, 1.48±0.21  mg/g d.m. for chlorophyll b, 
and  7.69±0.94  mg/g d.m (7.45  mg/g of  fresh matter, f.m.) 
for total chlorophyll. In turn, Akbudak & Akbudak [2013] de-
termined a total chlorophyll content in parsley at 2.33 mg/g 
(on f.m. basis). Presumably, the slight discrepancies in the 
obtained results were due to different varieties and  growth 
conditions of plants or different maturation stages of leaves.

Differences in chlorophyll a and b content were not sta-
tistically significant (p≥0.05) in parsley. The observed results 
were opposite to those found for the treated basil, probably 
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FIGURE 1. Chlorophyll a (high bars) and chlorophyll b (low bars with diagonal lines) contents of basil (a) and parsley (b) leaves: fresh and subjected 
to 20 or 30 min of the following treatments: US – ultrasound; STEAM – steaming followed by dipping; and DIP – dipping. 

Different letters above the bars (separate for chlorophyll a and b) indicate significant differences (p<0.05) between the values. 
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because of  the  different thickness of  epidermis (the  layer 
of cells on the leaves devoid of chlorophylls) between the two 
species. Parsley is  characterized by  a  high turgor and  stiff-
ness of leaves and therefore presented a high stability of green 
pigments, while basil is  more “sensitive” to soaking, which 
resulted in a higher “relaxation” of  external structures after 
the  applied treatments and  possible impact on the  internal 
structures containing chloroplasts. 

Chlorophyll a  imparts blue-green color, while chloro-
phyll b is more yellow-green. In higher plants, chlorophyll a 
is present in higher concentration than the b form. Because 
two types of chlorophyll can be degraded to a different extent 
during various processing treatments [Di Cesare et al., 2003; 
Rodriguez-Amaya, 2019], maintaining the  ratio of  the  con-
tents of chlorophyll a and chlorophyll b (Chl a/Chl b) as close 
as possible to the  level in  fresh plant guarantees a  stable, 
natural color of dried herbs. The Chl a/Chl b ratios in fresh 
and treated basil and parsley leaves are presented in Figure 2a 
and Figure 2b, respectively. The Chl a/Chl b ratio varied from 
3.15±0.04 (FRESH) to 3.64±0.05 (STEAM 30 min) for ba-
sil, as well as from 4.04±0.04 (DIP  20  min) to 4.21±0.11 
(FRESH) for parsley. These values were consistent with those 
shown in  the  literature; Di Cesare et  al. [2003] found that 
chlorophyll a  content in  basil leaves was 2.5–3  times high-
er than that of chlorophyll b. In  the current study, a higher 

content of chlorophyll a following different treatments of ba-
sil samples resulted in  a  significant increase in  the  Chl a/
Chl b ratio (by 9–16%) in comparison to the fresh material. 
The highest value of the ratio was observed when basil was 
subjected to STEAM 30 min; however, the values did not sig-
nificantly (p≥0.05) differ compared to those obtained by other 
treatments for 30 min and US treatment for 20 min. The last 
sample showed the Chl a/Chl b ratio significantly (p<0.05) 
higher in comparison to the samples obtained by other treat-
ments for the same treatment time (20 min). It was proven 
that the  duration of  basil processing had a  significant im-
pact on the Chl a/Chl b ratio (p=0.0003). Furthermore, also 
the interaction of treatment duration and type was statistically 
relevant (p=0.0057), whereas the treatment type did not have 
a  significant influence (p≥0.05). Concerning parsley leaves, 
the applied treatments did not affect the Chl a/Chl b ratio. 
The significance of treatment duration and type and the  in-
teraction of both these factors was not confirmed (p≥0.05).

The obtained results did not confirm literature data indicat-
ing degradation of chlorophylls as a consequence of blanch-
ing [Oliveira et  al., 2016], and  of  reactive oxygen species  
formed during sonication [Kentish & Ashokkumar, 2011]. 
Probably, a different mechanism of degradation (not thermal 
as the  blanching was relatively short) as well as enhanced 
extraction of chlorophylls occurred. What is more, the study 
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proved the benefits of applying treatments in the case of basil 
and no contraindications of their use for parsley, giving there-
fore many reasons to promote the possibility of implementing 
additional treatments before, e.g., drying or freezing, which 
cause no adverse changes in the material.

Lutein content 
The  lutein content in  fresh and  treated basil and  pars-

ley leaves is  presented in  Figures 3a and  3b, respec-
tively. Both species showed to be  a  good source of  lu-
tein, with contents of  92.3±4.8  mg/100  g  d.m. in  fresh 
basil and  41.3±5.3  mg/100  g  d.m. in  fresh parsley, which 
corresponded to a  content of  6.73±0.35  and  6.18±0.79 
mg/100  g f.m., respectively. Similar results were obtained 
by Murkovic et al. [2000], who reported that the sum of lu-
tein and zeaxanthin amounted to 7.05 mg/100 g f.m. in basil 
and 6.4 mg/100 g f.m. in parsley. Also, Daly et al. [2010] de-
termined a  higher content of  lutein and  zeaxanthin in  basil 
than in parsley. Moreover, Perry et al. [2009] have stated that 
green leafy vegetables are the best sources of lutein, in com-
parison to other vegetables and fruits. However, Dadan et al. 
[2018] found a higher content of lutein in dried parsley leaves 
(81.1–130.6 mg/100 g d.m.), which was probably due to using 
different varieties of parsley and/or plants growing under dif-
ferent climate and soil conditions.

The lutein content in the material subjected to the differ-
ent treatments was stable and  did not show any statistical 

difference (p≥0.05) in  both basil (Figure  3a) and  parsley 
(Figure  3b). In  fact, based on the  analysis of  the  influence 
of treatment type and duration, it can be concluded that none 
of the factors significantly differentiated the content of lutein 
in both species (p≥0.05). Similar observations were reported 
in our previous studies in dried parsley [Dadan et al., 2018; 
Sledz et al., 2016], confirming the high stability of lutein dur-
ing treatments. As reported by Perry et al. [2009], carotenoids 
in  leaves are responsible for the  protection of  chlorophylls 
from external factors. Hence, the stability of lutein inhibited 
chlorophyll degradation. It  is  also possible that, as a  result 
of structure softening, the susceptibility of lutein to the extrac-
tion increased, which “camouflaged” its degradation. 

Total phenolic content (TPC)
Herbs are excellent sources of antioxidants, among which 

phenolics are the main represented group. The total pheno-
lic content (TPC) in fresh and differently treated (US-treat-
ed, steamed or dipped) basil is shown in Figure 4a. A TPC 
of  fresh basil was 37.7±1.3 mg/g d.m. This value obtained 
for the  basil cultivated in  Italy (current study) was slightly 
higher than those obtained for basil cultivated in Israel [Hos-
sain et al., 2010] and Poland [Sledz et al., 2013], amounting 
to 20 and 29.74 mg/g d.m., respectively. This could probably 
be due to the differences in the variety and climate conditions 
during plant growth. Figure  4a shows that both treatment 
type and  duration influenced the  TPC in  basil. In  general, 
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with treatment time extension, a significantly (p<0.05) lower 
TPC was determined in basil, regardless of treatment type.

The  highest TPC was noted in  DIP 20  min basil sam-
ple. This could be  a  result of  water stress, which promotes 
the  activation of  basil defence mechanism, causing an ad-
ditional synthesis of  phenolics [Mazzeo et  al., 2011]. That 
kind of  beneficial response to mild stress and  degradation 
as a result of high stress is generally known as hormetic ef-
fect [Kouda & Iki, 2010]. A  longer dipping time resulted 
in the leaching of these “released” substances into the liquid 
medium during treatment. However, the TPC of DIP 30 min 
sample was at the same level as in the fresh leaves. The sam-
ples treated by ultrasound and steam for 20 min showed sta-
tistically (p≥0.05) unchanged TPC in comparison to the fresh 
one. However, these values were lower than in  the  samples 
just dipped in water (DIP 20 min), as also observed by Che-
mat et  al. [2011]. The  total content of  phenolics may stem 
from different opposite phenomena. An increased content 
might be observed due to water stress and increased extrac-
tion [Wiktor et al., 2016]. In turn, a decrease can be caused 
by degradation due to free radicals generated during sonica-
tion [Kentish & Ashokkumar, 2011] or leakage of intracellular 
phenolic compounds and release of oxidative enzymes upon 
mechanical stress caused by US [Santacatalina et al., 2014]. 
To better understand the  observed differences, a  complete 
characterization of the phenolic profile is probably necessary. 
Instead, steaming could promote damage to basil leaf layers 

caused by fast delivery of the thermal power during the treat-
ment and, therefore, the leakage of phenolics into the water. 
In fact, the lowest content of phenolics was determined in ba-
sil samples subjected to the soaking in water for 30 min after 
steaming (Figure 4a). Mazzeo et al. [2011] found an increase 
in the phenolic content in spinach steam-blanched for 20 min; 
however, they did not perform a dipping in water after blanch-
ing. It is worth noticing that in the current research, the ma-
terial dipped in  water for similar periods but not subjected 
to steaming was always characterized by a higher TPC than 
the  samples subjected to steaming, concluding that the  use 
of steam was not a beneficial treatment for basil.

A  different effect of  the  applied treatments on the  TPC 
was observed in  parsley leaves (Figure  4b). In  fresh pars-
ley, the TPC was 25.4±0.5 mg/g d.m., which was 33% lower 
than in basil (Figure 4a). All the treatments caused a signifi-
cant (p<0.05) decrease in TPC compared to the fresh parsley 
leaves. The lowest TPC was determined in the samples treated 
with US for 20 min and dipped. However, extending US treat-
ment time from 20 to 30 min increased the TPC, probably due 
to the fact that 30 min was a threshold to observe a hormetic 
effect in parsley, as it was explained above. Ince et al. [2014] 
found that US treatment did not enhance phenolic extraction 
in nettle compared with the  conventional extraction method. 
Therefore, a different response of basil and parsley leaves to 
the US treatment could probably be related to the differences 
in  the  tissue structure, such as thickness of  the  skin, the  cell 
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turgor, and leaf “stiffness”. Furthermore, the different changes 
observed in the content of chlorophylls and TPC after the ap-
plied treatment could also be  due to the  different location 
of considered compounds inside the cells. Phenolics are locat-
ed inside the vacuoles, while chlorophylls inside the chloroplast 
[Mannozzi et al., 2018]. In general, US can damage cell mem-
branes and walls, contributing to a greater degree of phenolic 
extraction from the  tissue [Wiktor et  al., 2016]. Perhaps this 
increased efficiency of extraction in parsley leaves was “camou-
flaged” by degradation of phenolics, as a result of the forma-
tion of reactive oxygen species or enhanced activity of enzymes, 
such as polyphenol oxidase, released from tissues [Kentish 
& Ashokkumar, 2011]. Among the  treated parsley samples, 
the highest TPC was in those treated by steaming, even though 
it was significantly lower in comparison to the fresh leaves (Fig-
ure 4b). The highest retention of phenolics in a thermally-pro-
cessed material may be related to the hormetic effect or removal 
of air from the cells [Oliveira et al., 2016]. 

Antioxidant capacity 
The EC50 value, which indicates the concentration of the ex-

tract necessary to scavenge half of the initial DPPH radicals, 
of fresh basil was 7.50±0.24 mg d.m./100 mL (Figure 5a). For 
fresh parsley instead, a value of 67.0±6.5 mg d.m./100 mL 
was determined (Figure  5b), which means that the  antioxi-
dant capacity of basil was 9 times higher than that of parsley. 

It  is  worth noting that the  TPC in  parsley was also lower 
than in basil, but only 1.5 times (Figures 4a and 4b). It can 
be assumed that the differences in antioxidant capacity could 
be due to the different composition of phenolic compounds 
in both species, which requires further studies.

Concerning basil leaves, the results in Figure 5a indicate 
that antioxidant capacity of all samples treated for 20 min did 
not show any significant (p≥0.05) differences in comparison 
to the  fresh leaves. However, an extension of  the  treatment 
time till 30 min resulted in a significant (p<0.05) reduction 
of antioxidant capacity (an increase of the EC50). In the case 
of fresh basil, the EC50 was higher in the samples following 
different treatments by  30% (US 30  min), 54% (STEAM 
30 min), and 32% (DIP 30 min). These results do not match 
neither the data of lutein content nor TPC. However, as stated 
above, since various phenolics might exert different antioxi-
dant activities, a  complete characterization of  the  phenolic 
profile might give some insight to the  observed differences. 
Based on the two-way ANOVA, it was noticed that the treat-
ment duration had the greatest impact on basil antiradical ac-
tivity against DPPH•. The type of treatment and the interac-
tion of both factors also significantly (p<0.05) differentiated 
EC50 values, but to a lesser extent. Wiktor et al. [2016] showed 
that with an elongation of sonication (40 kHz) time, the con-
tent of  polyphenols in  apple significantly decreased, which 
was not translated into a  statistically significant increase 
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of the EC50. On the other hand, antioxidant capacity and TPC 
did not differ significantly between the treatments carried out 
from 5 to 30 min at a frequency of 21 kHz.

Concerning the results of the antioxidant capacity of pars-
ley, no significant (p≥0.05) differences in  the EC50 were ob-
served in the fresh material and those subjected to the differ-
ent treatments (Figure 5b). Moreover, the effects of treatment 
type and duration on the DPPH• scavenging activity of pars-
ley extracts were not significant (p≥0.05). The various extent 
of changes observed in the scavenging ability against DPPH• 
in the case of basil and parsley could be due to the different 
anatomical and morphological structure of their leaves.

CONCLUSIONS

The  study revealed that basil contained a  higher amount 
of all the investigated bioactive compounds (chlorophylls, lutein, 
and total phenolics), and exhibited a higher antioxidant capaci-
ty, in comparison to parsley. It was also characterized by greater 
changes as a consequence of US treatment, steaming and dip-
ping, presumably due to a different thickness of epidermis layer. 
In basil, all the treatments promoted an increase of the chloro-
phyll a content, while TPC increased only after 20 min of dip-
ping and was reduced by steaming for 30 min. Parsley subjected 
to treatments was characterized by a stable content of chloro-
phylls but by a lower content of total phenolics. Lutein remained 
stable in both herbs regardless of treatment type. Finally, the an-
tioxidant capacity was reduced after 30 min of all treatments 
in basil, while remained stable in parsley. 

The  obtained results demonstrated that the  ultrasound, 
steaming or dipping treatments only slightly affected the qual-
ity of herbal leaves. Considering our previously reported data 
[Dadan et al., 2017; Sledz et al., 2017, 2016] showing that ultra-
sound and steaming reduced the drying time of basil and pars-
ley, while US additionally reduced the total energy consump-
tion [Dadan et al., 2017], the  sonication is  recommended as 
a pre-treatment before drying in the case of both species.
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