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Summary Convective drying (CO) is the most common technique for drying herbs, although it may diminish pheno-
lic compounds content. Microwave drying (MW) has been suggested as an alternative, although its effects
on phenolic compounds remain to be explored. The aim of this study is to compare the effects of different
convective temperatures (40, 80 and 120 °C) and microwave powers (100, 500 and 1000 W) on drying
time, polyphenols classes (HPLC-DAD) and antioxidant capacity in celery, coriander and parsley leaves.
Microwave procedure reduced drying time (MW: 3 h—7 min; CO: 25-1.5 h) resulting more effective than
CO. Increasing temperatures led to an initial decrease in total phenolic content (TPC) and antioxidant
activity followed by an increase, potentially by the release of bound phenolic acids. Regarding MW, the
highest polyphenol content was generally observed at 500 W, probably due to the hydroxycinnamic acid’s
rise. Antioxidant capacity was similar at 500 and 1000 W. There was a good agreement between TPC and
antioxidant capacity. Consequently, MW seems a good alternative to reduce drying time. However, the
maintenance or improvement of phenolic activity depends on the food matrix. Indeed, the best drying sys-
tem and conditions to preserve phenolic compounds were variable depending on the herb type: celery
(CO at 40 °C), coriander (both CO at 40 °C and MW at 500 W) and parsley (MW at 100 W).

Keywords Antioxidant activity, convective drying, culinary herbs, microwave drying, phenolic compounds.

Introduction annual herbs of the family Apaceae or Umbelliferae,
are popular herbs widely used in many regions and
find applications as culinary herbs or as minor addi-
tives in salads (fresh herbs) and herbal teas (dry
leaves/stalks), as well as flavouring agents in the tradi-
tional food, functional foods, nutraceuticals, pharma-
ceutical and cosmetic industries (Kamel, 2013).
Nevertheless, it is known that fresh produce agri-food
supply chains are characterised by the perishability of
the food product, seasonality, long supply lead time
and uncertainty in harvest yield (Onggo et al., 2019).
Therefore, being drying is one of the primary preserva-
tion methods for the products (Hnin et al., 2021). It is
also the most common preservation method used to
*Corresponden[; E-mail: alejandra_garcia_a@ucm.es ensure Safety against microbial attacks and control

Culinary herbs and spices contribute significantly to
the supply of polyphenols in the diet and are responsi-
ble for their antioxidant and anti-inflammatory effects
(Deekshith et al., 2021). They may also improve the
sensory quality of food as well as add nutritional and
functional value to food products (Sekhon et al.,
2016). Hence, food industry and consumers have high
expectations regarding the quality of these aromatic
(and often colourful) ingredients to refine foods and
dishes (Schaarschmidt, 2016).

Celery (Apium graveolens L.), coriander (Coriandrum
sativum L.) and parsley (Petroselinum crispum L.),
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quality during storage, thereby making crops available
all year long (Ali et al., 2020). Its goals include to pre-
serve foods and increase their shelf life by reducing the
water content and water activity; to avoid the need for
use of refrigeration systems for transport and storage,
which are expensive; to reduce space requirements for
storage and transport and to diversify the supply of
foods with different flavours and textures, thus offering
the consumers a great choice when buying foods
(Guiné, 2018).

Different drying methods and drying conditions,
including time, temperature, microwave power level
and air velocity, have link with various energy con-
sumption and significant effects on phytochemicals and
antioxidant properties of the samples (Saifullah ez al.,
2019). Convective drying (CO), also referred as hot-air
or conventional drying, is the most economical and
widely adopted technique in the food industry,
although it requires long drying times and high air
temperatures (Karam et al., 2016). However, in this
type of drying, the retention of bioactive substances is
poor due to high temperatures, long time and the pres-
ence of oxygen (Siebert er al., 2018; Jia et al., 2019).
Therefore, microwave technology is widely used in
drying process due to its rapid heat transfer, volumet-
ric heating, pollution-free and selective heating charac-
teristics (Su et al., 2020). Microwave drying (MW),
which, in the last decade, has been widely studied to
treat not only liquid samples, but also various kinds of
solid materials, including food, vegetables, fruits,
woody materials and ores, is currently attracting
researchers’ interest as an alternative non-conventional
heating source for biomass and wastes processing, due
to the advantages associated with dielectric heating
effects (Miccio et al., 2020). Compared to the existing
drying techniques, microwave drying method comes to
the fore for saving time and energy as well as enabling
the production of high-quality final products (Keser
et al., 2020) and when compared with the conventional
hot-air drying method, microwave drying is more
rapid, uniform and energy efficient (Liu et al., 2020).

The increasing demand for high-quality shelf-stable
dried products requires the design, simulation and fur-
ther optimisation of the drying process with the pur-
pose of accomplishing not only the efficiency of the
process but also the final quality of the dried product
(Hihat ez al., 2017). For that reason, it is important to
investigate in detail how thermal processing affects the
contents of phytochemicals and antioxidant activities.
Thus, although a previous study compared oven and
microwave effect on coriander leaves (Hihat er al.,
2017), a systematic comparison between convective
and microwave drying in coriander, celery and parsley
has not been performed. Therefore, this study aimed
to evaluate whether the use of three different condi-
tions for the two drying techniques led to substantial
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modifications in polyphenol content and activity in the
three herbs.

Materials and methods

Plant material

The study was carried out on leaves of celery (Apium
graveolens L.), coriander (Coriandrum sativum L.) and
parsley (Petroselinum crispum L.) purchased from the
local market in the region of Bejaia, Algeria. The
leaves were separated from the stems. After sorting,
the samples were packed in glass containers and refrig-
erated (4 + 2 °C) for a maximum of 2-3 days. Before
being dried, celery, parsley and coriander leaves were
washed with water. For washing, abundant tap water
was used directly to remove dust and impurities. As
for the removal of moisture after washing, the salad
spinner was used to remove most of the moisture, after
which the samples were spread out on absorbent paper
and given time to remove the rest.

Chemicals

Ethanol and other basic reagents were obtained from
Panreac (Barcelona, Spain). Folin—Ciocalteu’s phenol
reagent, acetic anhydride, methanol, acetone and
diethyl ether were obtained from Scharlab (Sent-
menat, Spain). Gallic acid, 1-methylimidazole, 2,2-
Diphenyl-1-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,
8-tetramethylchroman-2-carboxylic acid (Trolox) and
2,4,6-tri  (2-pyridyl)-s-triazine (TPTZ) were from
Sigma-Aldrich Chemical (St. Louis, MO, USA). All
chemicals used were of analytical grade.

Drying processes

Two drying processes were used: CO at three different
temperatures (40, 80 and 120 °C) in a NUVE type
FN 400 ventilated oven and MW at three different
powers (100, 500 and 1000 W) using a domestic
microwave (Maxipower, model MASMO23S). During
the drying process, 100 g of fresh leaves from differ-
ent matrices was spread out on a plate and dried.
Three replicates were carried out for each of the
applied drying conditions. The samples were weighed
periodically using a digital scale with an accuracy of
0.01 g (RADWAG, WPS 600/C/2) until the weight
was stable, so that the drying kinetics can be plotted
in terms of loss of mass as a function of the drying
time. The drying time is thus the average of the times
of the three repetitions needed to reach weight stabil-
ity. The samples dried by both processes were then
ground using an electric mill and the powders
obtained were stored hermetically sealed in glass vials
protected from light and moisture.
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Antioxidants in dried powders

Extraction and determination of phenolic compounds

The method used for the extraction of phenolic com-
pounds was previously described by Pérez-Jiménez
et al. (2008). The procedure consisted of extracting
polyphenols from the samples by stirring constantly at
room temperature with methanol/water (50:50 v/v) and
acetone/water (70:30 v/v). Then, the two supernatants
were combined. In these extracts, the polyphenol con-
tent was quantified using two methods: the Folin—Cio-
calteu assay (Singleton et al., 1999), where results were
measured spectrophotometrically at 750 nm on Multi-
Modal reader microplates Synergy™ HTX; the Fast
Blue method, which reacts more specifically with the
hydroxyl groups of phenols (Lester et al., 2012), mea-
sured at 420 nm (Lester et al., 2012) on Multi-Modal
reader microplates SynelrgyTM HTX. In both cases, gal-
lic acid (0.01-0.28 mg mL ") was used as standard and
the results were expressed as mg of gallic acid equiva-
lents per g dry weight (mg GAE per g d.w).

Determination of in vitro antioxidant activity

The antioxidant activity estimation of the extracts of
different dry powders was measured by the comple-
mentary methods: Ferric reducing antioxidant power;
FRAP (based on reducing power) and DPPH (based
on radical scavenging capacity).

FRAP

The antioxidant capacity of each sample was estimated
according to the procedure described by Pulido et al.
(2000) with some modifications. Briefly, 9 uL of test
sample mixed with 26 puL of distilled water was mixed
with 265 uL of FRAP reagent (prepared fresh and
heated to 37 °C). After the incubation at 37 °C during
30 min, the absorption reading was taken at 595 nm
on Multi-Modal reader microplates Synergy™ HTX.
Trolox was used as standard and the results were
expressed as mg of trolox equivalents per g dry weight
(mg TE per g d.w).

DPPH

The DPPH radical-scavenging activity of the polyphe-
nolic extracts was assayed with 20 pL of sample solu-
tion at the concentration of 5 mg mL~' mixed w1th
280 pL of methanolic DPPH solution (100 pumol L™,
following the method described by Huang er al
(2005). The mixture was shaken and kept at room
temperature in the dark. Absorbance was measured at
517 nm on Multi-Modal reader microplates Synergy™
HTX.

HPLC-DAD

Phenolic compounds identification was carried out
using an HPLC Agilent 1260 series system (Agilent
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Technologies, Santa Clara, CA, USA) equipped with a
UV-Vis diode array detector (DAD). Sam 1ples were
injected (210 uL, flow rate 0.41 mL min into a
Gemini C18 Poroshell 120 EC-CI18 column
(4.6 mm x 2150 mm, particle size 2.75 pum) (Agilent
Technologies) based on procedures prev1ously
reported. The gradient elution was carried out using
water containing 0.1% trifluoracetic formic acid
(Sigma Aldrich) as solvent A and acetonitrile contain-
ing 0.1% formic acid (Sigma Aldrich) as solvent B and
it was applied as follows: 0 min, 45% B; 10 min, 17%
B; 12 min, 17% B; 17 min, 25% B; 30 min, 50% B;
35 min, 100% B; 43 min, 1005% B; 50 min, 4% B;
55 min, 4% B. Following these conditions, a selection
of widespread polyphenols belonging to different fami-
lies was injected with two purposes: (i) potential identi-
fication in the samples; (ii) preparation of calibration
curves that could be used for quantification/semi-
quantification (in case that particular compound was
not identified in the samples). These standards com-
prised four phenolic acids (gallic acid, ferulic acid,
chlorogenic acid and p-coumaric acid) and five flavo-
noids (quercetin, kaempferol, quercetin 3-O-glucoside,
kaempferol 3-O-rutinoside and luteolin). Maximum
wavelengths for each polyphenol class were monitored:
280 nm for hydroxybenzoic acids, 320 nm for hydrox-
ycinnamic acids, 365 nm for flavonoids. Then, samples
were injected, peaks with maximum at each wave-
length were identified and area was obtained. In the
case of quercetin 3-O-glucoside, this compound was
identified in coriander, so a quantification based on
the calibration curve of the standard (25-250 ppm)
was performed. For the other signals, they did not cor-
respond to the other injected standards, so semi-
quantification with a representative compound in each
polyphenol class was performed: gallic acid (5-
50 ppm) for hydroxybenzoic acids, chlorogenic acid
(10-200 ppm) for hydroxycinnamic acids, luteolin
(0.1-50 ppm) for flavones and kaempferol 3-O-
rutinoside (10-50 ppm) for flavonols. Concentration
ranges for these standards were based on previous
experience on their linearity range. It should be indi-
cated that both flavones and flavanols exhibit their
absorbance maximum at 365 nm; but, based on previ-
ous bibliography search, it was established that in the
case of coriander the absorbance at this wavelength
corresponded to flavonols, while in celery and parsley
these compounds belonged to the flavone class.

Statistical analysis

Data normality was assessed by Kolmogorov—Smirnov
test. When it was not met (drying time), data were
log-transformed. Two-way ANova (factor: treatment
and condition) was applied, followed by T3 Dunnett’s
post hoc analysis, due to lack of homogeneity of
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variances. Regarding conditions, those for heating and
for microwaving where independently analysed. In the
case of flavones in parsley where normality was not
met even after log-transformation, Kruskal-Wallis
test, followed by Mann-Whitney test when statistical
differences were found, was applied. In all cases, signif-
icance level was fixed at 0.05. Data were processed
using IBM SPSS Statistics software version 26. PCA
was designed using the software (XLSTAT Version
May 3, 2014).

Results and discussion

Drying kinetics

Variations in moisture content during the drying pro-
cesses of celery, coriander and parsley leaves as a func-
tion of drying time are shown in Fig. 1, which
represent CO and MW. In both treatments, it was
observed that the slightest condition needed a much
higher time for decreasing moisture content up to 10%
wet basis (w.b) than the other two conditions. But the
most remarkable observation was that MW was much
more effective for drying samples than CO. For
instance, in the case of celery convective drying at
40 °C required a total time of 1500 min (=25 h), while
with microwave drying at 100 W the time was
decreased to 177 min (=3 h); the same tendencies were
observed for the other samples (Table 1).

When drying time for reaching a moisture content
of 10% w.b was compared (Table 1), significant differ-
ences (P < 0.05) were found between the processes in
favour of MW, which significantly reduced the drying
time compared to CO. As expected, significant differ-
ences (P < 0.05) were also observed within the same
process, so that increasing the drying temperature
leads to a significant reduction in drying time.

Overall, these results agree with those obtained with
nettle leaves (Alibas, 2007) and rosemary leaves (Ali
et al., 2020) as well as the drying of fruits and vegeta-
bles by different techniques (Arslan & Musa Ozcan,
2010; Jia et al., 2019; Miccio et al., 2020), and the
effect was attributed to the fact that the heating rate
and efficiency of microwave heating strongly depend
on the dielectric properties and the relaxation times of
the reaction mixture, whereby the use of good micro-
wave absorbing solvents results in very fast heating
(Hoogenboom & Schubert, 2007).

Total phenolic content

Thermal processing is among the several factors which
may influence the phenolic content of fruit and vegeta-
bles (Arkoub-Djermoune et al., 2016). Therefore, the
current study investigated the effect of two different
drying processes on the total polyphenol contents
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(TPC) on the three matrices, measured by two
methodologies, Folin—Ciocalteu and Fast Blue assays
(Table 2). No common tendency was observed for the
different samples subjected to the drying processes.
Thus, in the case of CO, in both celery and coriander
a significant decrease (P < 0.05) was observed at
80 °C, followed by an increase at 120 °C. The decrease
at 80 °C may be attributed to losses of the most unsta-
ble polyphenols, while the increase at 120 °C may have
two possible explanations: (i) the formation of Mail-
lard reaction products that interfere in polyphenol
determination (Que et al., 2008; Vega-Gdlvez et al.,
2009), since it has reported that, temperature, drying
time and pH of the materials in simulated conditions
has been described as pertinent conditions for the
Maillard reaction during the drying and processing (Li
et al., 2020) or (i) the release of higher molecular
weight bound phenolic compounds (Bushra, 2012).
Similar results have been obtained in previous studies
(Vega-Galvez, et al., 2009; Nguyen et al., 2015; Ali
et al., 2020). But a different trend was observed for
parsley, where no significant difference in TPC value
was observed when the convective drying temperature
increased.

In the case of MW, regardless of the type of matrix
dried, it was found that the powders dried at 100 W
had the lowest significant values (P < 0.05). Increases
in content were also observed between the values
obtained for powders dried at 500 and 1000 W. How-
ever, these increases were not as significant. The
increase in polyphenol content with increasing micro-
wave power from 100 to 500 W can be explained by
the intense heat generated by microwaves, which create
a high vapour pressure and temperature inside plant
tissues, which increase with the intensification of the
microwave power, thus disrupting the polymers in the
plant cell walls. As a result, phenolic compounds from
the cell wall or bound phenolic compounds may be
released, resulting in the extraction of more phenolic
compounds (Inchuen et al., 2010). Similar results were
reported by Kubra & Jagan Mohan Rao (2012) for
ginger and by Izli et al. (2017) for mango. The results
obtained in this study, where increases up to 1000 W
did not always mean a significant increase in polyphe-
nol content suggest that 500 W was enough to modify
the structure of the fibre matrix facilitating polyphenol
extraction. In this sense, it was observed in dried
orange leaves and peels the highest TPC increase at
450 W when testing a range from 100 to 850 W (Kam-
moun Bejar et al., 2011).

Polyphenol profile by HPLC-DAD analysis

Extracts from dried celery, coriander and parsley pow-
ders were analysed by HPLC-DAD to better under-
stand the variations in phenolic components in these
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Figure 1 Changes in moisture contents of celery, coriander and parsley leaves vs. drying time during convective drying and microwave drying.
Where (a): celery during convective drying, (b): celery during microwave drying, (c): coriander during convective drying, (d): coriander during
microwave drying, (e): parsley during convective drying and (f): parsley during microwave drying.
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Table 1 Drying times (min) for all samples subjected to drying treatments convective drying at different temperatures (°C) and
microwave drying at different powers (W)

Treatments

Convective drying

Microwave drying

Samples 40 °C 80 °C 120 °C 100 W 500 W 1000 W

Celery 1500.00 + 0.00*4 190.00 + 8.66°5 86.67 + 5.77°C 176.67 + 5.77°4 15.33 + 0.58"B 7.33 + 0.00>¢
Coriander 1280.00 + 17.32%4 205.00 + 8.66%5 100.00 + 0.00*C 196.67 + 5.77°4 16.00 + 0.00°B 8.66 + 0.29>C
Parsley 1510.00 + 17.32%4 325.00 + 8.66%E 150.00 + 0.00*C 193.33 + 5.77°4 17.17 + 0.29°B 7.44 + 0.19°€

Different lower case letters indicate significant differences between treatments (P < 0.05), while different capital letters indicate significant differ-
ences (P < 0.05) between conditions — those for heating and for microwaving were evaluated separately.

Table 2 Total phenolic content and antioxidant activity in spices subjected to different drying treatments

Oven Microwave
Evaluated
Samples  parameters 40 °C 80 °C 120 °C 100 W 500 W 1000 W
Celery Folin—Ciocalteu 18.54 + 2.56%" 12.53 + 2.75%¢ 17.64 + 3.66%5 11.10 + 1.45€ 13.70 + 0.95>B 13.99 + 2.31°A
(mg GAE per
g d.w)
Fast Blue 213.51 + 14.77°A  175.91 + 21.41** 210.10 + 15.13*8  183.77 + 30.63*®  207.25 + 26.11**  209.04 + 17.22°~
(mg GAE per
g d.w)
FRAP (mg TE 308.54 + 13.05°"  174.53 + 15.85*® 286.44 + 28.56™" 201.54 + 15.25°® 212.42 + 11.37°8® 245,93 + 19.33°4
per g d.w)
DPPH (%) 50.67 + 3.70%* 30.17 + 5.91%8 52.77 + 2.72°A 26.19 + 0.32°B 36.81 + 4.79>AB 37.48 + 1.85°4
Coriander Folin-Ciocalteu 21.23 + 1.16*4 10.66 + 0.49°C 16.57 + 1.36%8 12.18 + 1.15°€ 20.87 + 1.29°4 19.28 + 0.58"8
(mg GAE
per g d.w)
Fast Blue (mg 271.25 + 12.47**  176.18 + 15.05*C 215.62 + 18.55>% 201.79 + 23.06*% 237.43 + 24.97>*B 232.14 + 12.62°*
GAE per g d.w)
FRAP (mg TE 230.53 + 18.04>"  123.33 & 10.89"C 197.31 + 19.79°% 193.22 + 19.42°C 269.98 + 22.41*"  235.43 + 9.48%"
per g d.w)
DPPH (%) 38.60 + 3.09°4 22.26 + 2.21°8 39.23 + 0.96°4 34.23 + 1.65°8 47.73 + 0.39%4A 45.33 + 4.73*AB
Parsley Folin-Ciocalteu 10.73 + 1.2734 12.22 + 0.85%A 12.30 + 1.8134 10.32 + 1.73%B 11.75 + 1.27*A8B 13.63 + 1.92%4
(mg GAE
per g d.w)
Fast Blue 200.95 + 14.36**%  212.80 + 17.44®" 183.75 + 16.43>® 218.00 + 17.93°* 162.98 + 15.35%  178.94 + 15.43"B
(mg GAE
per g d.w)
FRAP (mg TE 97.88 + 7.83°4 102.86 + 4.74°4 97.36 + 3.65°"  116.06 + 6.57°"  114.77 + 6.96°" 111.65 + 11.60%4
per g d.w)
DPPH (%) 8.15 + 1.27%4A 9.32 + 1.41>4 10.58 + 1.65*" 7.91 + 0.85>4 6.12 + 0.58°4 6.32 4+ 1.53°A

Table shows mean values with standard deviation of the mean. Different lower case letters indicate significant differences between treatments
(P < 0.05), while different capital letters indicate significant differences (P < 0.05) between conditions - those for heating and for microwaving were
evaluated separately. The DPPH (%) scavenging activity is for all samples at 5 mg mL~".

spices under different drying conditions, an aspect not
previously explored. Thus, semi-quantification per
classes was performed, excepting quercetin-3-O-
gucoside, which could be identified in coriander
(Table 3). The three samples exhibited hydroxybenzoic
acids and hydroxycinnamic acids, while celery and
parsley also contained flavones, and flavonols were

International Journal of Food Science and Technology 2022

detected in coriander. Previous studies on polyphenol
characterisation in the samples of celery (Wolski et al.,
2002; Yildiz et al., 2008; Yao & Ren, 2011), coriander
(Nambiar et al., 2010; Kaiser et al., 2013) and parsley
(Yildiz et al., 2008) have highlighted the presence of
hydroxybenzoic acids, hydroxycinnamic acids, flavones
and flavanols in these samples.
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In the three samples, hydroxycinnamic acids were
the most abundant polyphenol class, so it is pertinent
to evaluate specifically the modifications in these
compounds due to drying. Thus, a similar tendency
was observed for CO in the case of celery and corian-
der, with a significant (P < 0.05) decrease at 80 °C
and a significant (P < 0.05) increase at 120 °C. This
seems to indicate a first loss of certain hydroxycin-
namic acids, followed by the release of cell wall
bound phenolic compounds, also called non-
extractable polyphenols, when the temperature
increases; this has previously been observed, for
instance, in cereal samples (Pérez-Jiménez & Saura-
Calixto, 2005). Thus, between the two hypotheses
suggested above for the variations in TPC values,
that is, generation of Maillard reaction compounds
or release of phenolic compounds from cell wall, the
former seems to be more plausible. Nevertheless, this
should be confirmed in a higher number of samples,
since parsley showed a non-significant increase in
hydroxycinnamic acids when oven temperature
increased, what does not agree with TPC values.
Also, for MW procedures, hydroxycinnamic acids in
celery significantly (P < 0.05) increased with higher
power values, while in coriander and parsley they did
not show significant differences between conditions.
As regards to the other polyphenol classes, flavonols
and flavones tended to show a similar behaviour to
that of hydroxycinnamic acids, while hydroxybenzoic
acids showed an opposite one. Other studies have
reported similar results, that is, drying conditions
cause a decrease in a polyphenol class and an increase
in another one, on lemon myrtle dried leaves (Saiful-
lah et al., 2019), on carrot (Keser, et al., 2020) or on
mango (Sarkar et al., 2020), when testing different
drying procedures.

In vitro antioxidant activity

The antioxidant activity of celery, coriander and pars-
ley powders obtained after drying by two methods
(CO and MW) was estimated by two antioxidant
tests, FRAP and scavenging activity on DPPH
(Table 2).

FRAP and DPPH methods showed tendencies
quite similar to those obtained for TPC values and
hydroxycinnamic acids content. For instance, in
coriander dried with oven a significant (P < 0.05)
decrease in antioxidant capacity measured by FRAP
was observed from 40 to 80 °C, followed by a signifi-
cant (P < 0.05) increase at 120 °C, nevertheless also
significantly (P < 0.05) different to the initial value
at 40 °C; this was the same behaviour found with
Fast Blue assay.

The total polyphenol content and antioxidant
capacity values agree with results reported by other

© 2022 Institute of Food, Science and Technology (IFSTTF).
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authors, in several food matrices (Izli er al., 2017,
Cherrat et al., 2019; Saifullah er al., 2019). The fact
that similar tendencies were obtained when comparing
different methodologies shows the consistency of the
results.

Principal component analysis

For the purpose of comparison between CO and MW,
the principal component analysis (data not shown)
was designed to study the possible correlations existing
between the different parameters (time, Folin—Ciocal-
teu, Fast Blue, FRAP, DPPH and the result of the
characterisation) and to classify the different drying
conditions (40, 80, 120 °C, 100, 500 and 1000 W).

The resulting PCA models explain 89.40%, 94.28%
and 69.34% of the analysed data variability for celery,
coriander and parsley respectively: while the compo-
nent 2 (F2) of the PCA for celery and coriander repre-
sents 15.77% and 18.31% of the variance, respectively,
and is mainly expressed by time and hydroxybenzoic
acids, their component 1 (F1) represents 73. 63% and
75.98% of the variance and is expressed by the rest of
the parameters, namely, by Folin—Ciocalteu, Fast Blue,
FRAP, DPPH, hydroxycinnamic acids and flavones
for celery and by Folin—Ciocalteu, Fast Blue, FRAP,
DPPH, hydroxycinnamic acids, quercetin glucoside
and other flavonols for coriander. As for parsley, its
component 1 (F1) represents 41.63% of the variance
and is mainly expressed by time, Fast Blue, DPPH,
hydroxybenzoic acids and flavones and its component
2 (F2), which represents 27.70% of the variance, is
represented by Folin—Ciocalteu, FRAP and hydrox-
ycinnamic acids.

With the exception of parsley, this analysis allowed
us to observe several correlations, such as between the
two tests Folin—Ciocalteu and Fast Blue (r = 0.77
and r = 0.93), between the Folin—Ciocalteu test and
the two antioxidant tests; FRAP (r = 0.93 and
r =089 and DPPH (r = 0.98 and r = 0.81),
between the Fast Blue test and the two antioxidant
tests; FRAP (r = 0.84 and r = 0.81) and DPPH
(r = 0.81 and r = 0.70), as well as between the two
antioxidant tests; FRAP and DPPH (+r = 0.92 and
r = 0.95) for celery and coriander respectively.

This analysis also allowed us to designate the best
drying process for the three matrices (celery, coriander
and parsley). Indeed, the ranking of the different dry-
ing conditions follows the same logic (trend) observed
for the Fast Blue test, which allows us to deduce that
CO at 40 °C is the best drying process for celery, CO
at 40 °C and MW at 500 W are both better for corian-
der drying without any difference between them, and
MW at 100 W is the best process for parsley drying.

Thus, the effectiveness of the treatment to preserve
the polyphenol content seems to depend on the herb.

International Journal of Food Science and Technology 2022

Such a result is confirmed by the literature, as some
authors have reported that MW was better in preserv-
ing TPC from different matrices (Inchuen et al., 2010;
Izli, 2016; Izli et al., 2017; Sarkar et al., 2020) and
others have reported that CO was better for others
(Ali et al., 2020). The likely explanation for such
results is that the phytochemical components of the
different products changed differently, which may be
caused by varying degrees of cell structure damage
(Zhou et al., 2020), or even, in some cases, such as for
total phenolics, there may be an increase or decrease
due to thermal instability (Ratseewo et al., 2020).

Conclusion

This work focused on the comparative study of two
drying processes, CO and MW, and their effect on
polyphenol content and antioxidant activities of celery,
coriander and parsley leaves. The results of the drying
kinetics showed that the innovative microwave-assisted
drying method allowed faster dehydration than the
convective method. Overall, increasing temperatures
led to an initial decrease in phenolic content followed
by a further increase, potentially due to the release of
previously bound phenolic acids. In the case of MW,
the highest polyphenol content and antioxidant capac-
ity were generally observed at a power of 500 W.
Therefore, there was a good agreement between values
of total polyphenol content and antioxidant capacity,
while regarding HPLC-DAD analysis of polyphenol
classes, they showed different tendencies depending on
the conditions tested. Based on these results, the best
drying system and conditions for drying foodstuffs in
order to preserve phenolic compounds seems to
depend on the type of sample.
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