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Abstract

Natural colours of wild plants are similar to artificial pigments, for example: B-carotene and chlorophyll. The aim of research was to
investigate the effect of drying or freezing on the colour intensity and pigments content in leaves of edible wild plants - stinging nettle
(Urtica dioica L.), common goutweed (Aegopodium podagraria L.), dandelion (Taraxacum officinale L.) and chickweed (Stellaria
media L.) grown in early spring in Latvia. Samples were gather in May 2018. Pigments (total chlorophylls, chlorophyll a, b and total
carotenoids) content in the ethanol extracts of fresh, frozen and dried leaves was analysed with spectrophotometer, but the colour was
measured in CIE L*a*b* system. The experimental results showed significantly higher content of total chlorophylls and carotenoids
in fresh (1.64+0.14 and 0.81+0.02 mg g* DW) and frozen (2.08+0.12 and 0.94+0.05 mg g* DW) nettle leaves. Freezing process
stimulates the higher amount of pigments from all analysed plants. It was observed, that the content of pigments decreased about for
three times after drying process. Chlorophyll a/b was higher in goutweed leaves independently of processing. The obtained results
demonstrate that the significant differences were found between fresh, frozen and dried plant leaves colour components L*a*b*.
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Introduction

During the last years, interest about wild leafy
vegetables has significantly increased in many
countries, including Latvia. It is known that they provide
high levels of phytonutrients. The chemical composition
of wild plants has considerable interest due to their
properties regardless humans’ health (Khanam et al.,
2012). These plants could be used as functional foods,
because they contain biologically active food
compounds and could provide health benefits
(Salvatore et al., 2005).

About 1000 plant species of the nettle family
(Urticaceae) are popular in the world, but only two
nettle species are found in Latvia: Urtica dioica L., often
called common nettle or stinging nettle, and
Urtica urens L. known as annual nettle (Zeipina et al.,
2015). Nettle leaves contain vitamins and other
biologically active compounds which have antioxidant
activity, (Guil-Guerrero et al., 2003; Kukric et al.,
2012). Dandelion (Taraxacum officinale L.) leaves are
known as medicinal herb for long time, mainly due to its
hypoglycaemic activities (Schitz et al, 2006).
Dandelion are good origin of vitamins (provitamin A,
vitamin C) and mineral elements (Gupta, Rana, 2003).
Many researchers have investigations on chemical
composition (Shi et al., 2008; Gatto et al., 2011;
Dias et al., 2014), antioxidant properties (Hu,
Kitts, 2003) of dandelion and characterized its
biological value (Escudero et al., 2003). Common
goutweed (Aegopodium podagraria L.) is well known
wild plant, growing in Europe and Asia, very often in
dark and shady places, and its leaves could be used like
spinach. It is also used for medical purposes — for
prevention of cancer, inflammation, arthritis and
nervousness (Duke et al., 2002; Prior et al., 2007).
Chickweed (Stelleria media L.) is a plant, which belongs
to the order Caryophyllales, and very common in
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gardens, countryside and roadside. In folk medicine is
used as a heart remedy, as diuretic, but new leaves are
used for salads and soups. The presence of chlorophyll
pigments determined the green colour of plants. Plant
pigments — chlorophylls and carotenoids take part in
metabolism of light energy, as well as catalyse
formation of carbohydrates. Chlorophylls containing
products can be used as a food colorant (E 140) and
healthy constituent of our diet. Newest scientific studies
have highlight the anti-carcinogenic and anti-mutagenic
effect of chlorophylls containing compounds
(Mishra et al., 2011). The chemical composition and
chemical properties of chlorophylls provide the ability
to prevent lipid oxidation in food (Daood, 2003). Due to
antioxidative properties of chlorophylls and carotenoids
they could participate in prevention of oxidative stress,
cardiovascular diseases, cancer and other health
problems (Znidaréi¢ et al., 2011). Whereas chlorophylls
can be considered as indicator of plant’s quality, content
of chlorophylls in plants indicates the nutritional value
of them. McQuistan et al. (2012) noted that plants
colour, is also an indicator of the vegetable pigment
concentration. There are data about using content of
chlorophylls as parameter to evaluate the effect of
pollutants on plants (Petrova et al., 2017). Plants which
are growing in polluted environment have decreased
content of chlorophylls and carotenoids, the structure
of their chloroplast membranes are changed so
that intensity of photosynthesis is decreased
(Schubina, 2011).

The application of preservation methods like freezing
and drying, gives possibility to retain plants quality and
could use it out of seasons. Drying is well known
method for plants preservation and can be done in
different ways — in open air, by direct sunlight, in drying
ovens etc. (Muller, Heindl, 2006). Drying process could
effected many enzymatic reactions in fresh plants. It
may result in remarkable variations in content and
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structure  of  biologically active  compounds
(Puranic et al., 2012). There are many scientific
researches regarding the effect of drying process on the
content of plant pigments, showing that different drying
methods could give dissimilar result (Rocha et al., 2011;
Puranik et al., 2012; Drostinova et al., 2015).

Freezing is one of the oldest methods used for food
preservation providing that products are preserved for
longer time. During freezing the most enzymes are
inactivated, chemical reaction rate is reduced thus
ensuring maintaining nutritional value of products, as
well as allowing preserving taste and texture (Delgado,
Sun, 2000).

The aim of research was to investigate the effect of
drying or freezing on the colour intensity and pigments
content in leaves of edible wild plants - stinging nettle
(Urtica dioica L.), common goutweed (Aegopodium
podagraria L.), dandelion (Taraxacum officinale L.)
and chickweed (Stellaria media L.) grown in early
spring in Latvia.

Materials and Methods
Plant materials

Samples of whole leaves of chickweed (Stellaria
media L.), common goutweed (Aegopodium
podagraria L.), dandelion (Taraxacum officinale L.)
and stinding nette (Urtica dioica L.) were grown in
Latvia, Zemgale region and harvested in April 2018. In
the same day wild plants samples were developed for
investigation. The wild plant samples were freezing for
seven days at -18+2 °C and drying at 851 °C for 48 h
in ventilated thermostat.

Determination of total carotenoids, chlorophyll a and
chlorophyll b

The homogenized wild plants samples were weighted
(0.5+£0.0001 g) in a glass conical flask (100.0 mL),
10.0 mL of 96% ethanol was added and the test conical
flask were held for 20 min with occasional shaking at
+19+2 °C room temperature. The extracts were filtred
(paper No 89) and extraction was done in four replicates.
The obtained infusion was analysed content of total
carotenoids  (xanthophylls and carotenes) Ccix,
chlorophyll a ccha, chlorophyll b ccny by
spectrophotometer JENWAY 6300 at wavelengths 470,
649, 664 nm. Chlorophylls and total carotenoids content
were calculated according to the following formulas
(Sumanta et al., 2014).

Chlorophyll a (mg mL™2):

CChla = 13'36A664 - 5'19A64—9 (1)
Chlorophyll b (mg mL™2):

CChlb = 27'43A649 - 8'12A664 (2)
Total chlorophylls (mg mL™2):

Ca+b = Cchia t Cchib (3)

Total carotenoids (mg mL™):

_ 1000A4470—2.13¢ch1qa—97.63CChib
Cotx = 209

(4)
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Ratio between chlorophyll a and chlorophyll b:
Ra/b = chla )

Cchib

Ratio between chlorophylls and carotenoids:

e = oen (6)
Results of the study were pronounced as mg g of fresh
weight (FW) or dry weght (DW) wild plants material.

Colour analysis

Colour of wild samples were fixed in CIE L*a*b* colour
system using a colorimeter ColorTec PCM (Accuracy
Microsensors Inc., USA). Seven random wild plant
leaves were measured and the mean values were
calculated for each sample (Coultate, 2009). Herbal
samples before analysis were placed in a glass Petri dish
with a lid (external diameter 50 mm, inner 60 mm) and
the intensity of the herbal colour was measured on the
surface of the dish. Color analysis were repeated on
different randomly selected places at the surface of each
wild plant samples (n=8).

Moisture content analysis

The A&D Company, Limited Moisture Analyser (AND
MX-50, Japan) was used for  moisture
content determination in plant materials according to
Razak et al. (2006).

Statistical analysis

Results of the study are means of four parallel
measurements and were calculating by Microsoft Excel
2016. Analysis of ANOVA variance was used to define
differences amid samples. The result differences were
finded as significant at p<0.05.

Results and Discussion

Important functional food component are leafy plants.
They contain a lot of vitamins, minerals and biologically
active compounds. These plants also contain several
types of photosynthetic pigments — chlorophylls and
carotenoids (Kimura, Rodriguez-Amaya, 2002).
Chlorophyll a value in fresh analysed plant samples
differed significantly (p<0.05) and varied between
0.426+0.006 mg g* FW and 1.229+0.01 mg g* FW
(Figure 1). The best source of chlorophylls in spring
time is fresh nettle leaves where the content of
chlorophyll a and b was determined 1.229+0.008 and
0.411+0.002 mg gt FW, respectively. The results of our
wild edible plant study showed that nettle leaves had the
highest content of chlorophyll a and b in fresh and
frozen samples. Comparing with other analysed plants it
was higher in average two to three times. Our results
were similar to data reported by Upton (2013), who
noticed that content of chlorophylls in nettles could be
0.08-0.30% FW. The content of chlorophyll a in frozen
samples was the following: frozen stinging nettle >
frozen dandelion > frozen common goutweed > frozen
chickweed (Figure 1).
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Figure 1. Content of chlorophylls

The data presented in Table 1 reveals the fact that the
values of the pigments vary significantly according to
used processing method. For comparing the obtained
results, all data were expressed to dry weight. The
content of dry weight was determined: stinging nettle
22.33 g 100 g%, common goutweed 19.86 g 100 g,
dandelion 14.63 g 100 g* and chickweed 9.23 g 100 g*.
We had observed that after freezing it is possible to
extract more pigments from plants compared with fresh
materials. Content of chlorophyll a increased from
1.4 times (stinging nettle) till 1.8 times (common
goutweed). The increase of chlorophyll b content had
similar tendency. It could be explained with the fact, that
low temperature promotes a better preservation of
chlorophylls. In addition, short freezing time promotes
the breakage of plant cells therefore giving possibility to
extract more pigments from plants. The changes of
chlorophyll content in our study have another tendency
in comparison with results in similar studies (Lisiewska
et al., 2004), that could be explained by different
freezing times used in the studies.

For explaining experimental results, often the ratio of
chlorophyll a and chlorophyll b (Rap) as well as ratio of
total chlorophylls and carotenoids Raspc+x are used. In
the analysed plants a ratio Ry ranged from 2.99-4.11 in
fresh samples, 2.24-4.31 in frozen plants or 3.88-4.83
in dried plant material (Table 1).

In all cases this ratio increased after drying. It could be
explained with fact that during processing the content of
chlorophyll b decreased and therefore the ratio
increased. The highest ratio (a+b)/(x+c) was calculated
in stinging nettle (4.53) and the lowest in dandelion
(4.09). It means that plants were fresh and suitable for
experiments because this ratio as an indicator of the
plants greenness normally was between 4.2 and 5.0
(Lichtenthaler, Buschman, 2001). Ratio (a+b)/(x+c) can
be considered as indicator of senescence, stress, and
damage to the plant. Lower values for this ratio confirm
this. If the colour of leaves changes, then (a+b)/(x+c)
values decreased till 2.5-3.5 (Salehi, Arzani, 2014).
The lowest total chlorophylls content was in common
goutweed sample regardless of the processing method,
but the highest 14.15 mg g™* DW in frozen chickweed

(Fig. 2).
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Figure 2. Content of total chlorophylls

Table 1

Chlorophylls content in plants

Plant material Sample Cchla, mg g*DW Cchib, mg g DW Ratio, a/b Ratio, a+b/c+x
Fresh 5.56+0.14 1.84+0.08 2.99 4.53
Stinging nettle Frozen 7.51+0.15 2.26+0.11 3.42 4.59
Dried 2.23+0.11 0.51+0.01 4.31 2.85
Fresh 2.55+0.11 0.62+0.01 4.11 4.28
Common goutweed Frozen 4.61+0.12 1.07+0.14 4.31 4.88
Dried 0.87+0.02 0.18+0.03 4.83 2.33
Fresh 5.09+0.13 1.37+0.06 3.72 4.09
Dandelion Frozen 7.46+0.14 2.67+0.12 2.79 5.00
Dried 2.16+0.08 0.52+0.03 4.15 2.63
Fresh 4.62+0.09 1.38+0.11 3.35 4.13
Chickweed Frozen 6.78+0.13 3.03+£0.20 2.24 4.90
Dried 3.53+0.11 0.91+0.03 3.88 3.75

Plants contain several photosynthetic pigments, not only
chlorophylls, but also carotenoids. The total carotenoids
concentrations differed significantly within analysed
plant samples and type of processing (p<0.05).

206

Figure 3 shows the changes of total carotenoids content
in analysed plant samples depending on the type of
processing.
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Figure 3. Content of total carotenoids

The content of carotenoids in fresh wild plant samples
was from 0.74+0.03 mg g* (common goutweed) till
1.62+0.08 mg g* (stinging nettle). The determined
content of total carotenoids in fresh leaves is higher than
results reported by Guil-Guerrero et al. (2003) and
Upton (2013) who has been reported that the total
amount of carotenoids from fresh leaves of nettles was
determined 29.6 mg 100 g* DW. Our results are also
higher than the data of Znidar¢i¢ et al. (2011) who
analysed carotenoids content in fresh dandelion leaves
and determined 6.34 mg 100 g There are many
factors — species, variety, cultivar, production
practice, as well as environmental growth factors such
as light, temperature, and soil properties. The region and
conditions for growing the studied plants are very
important. This could be the explanation for the
variation between our results and those shown in some
literature sources.(Van den Berg et al., 2000). On the
other hand, the values in our study are in agreement with
the data of Rohricht (2007) who find out the content of
carotenoids 0.10-0.16% dry weight nettle leaves.

Similar to chlorophylls, freezing promotes the extraction
of total carotenoids, but the influence was significantly

lower (p<0.05). The determined content of carotenoids
increased for 25.3% (stinging nettle), 62.7%
(dandelions), 99% (chickweed) or 1.8 times (common
goutweed)  comparing  with  fresh  samples.
Comparatively the content of chlorophylls increased
from 1.21 times (stinging nettle) till 2.5 times (common
goutweed).

The decrease of carotenoids content in dried samples
was observed, but for different plants it was different —
for stinging nettle samples the decrease was for 41.4%,
but for common goutweed only 20.7%.

Therefore, freezing is recommended for better
prevention of the biologically active compounds.
Unfortunately, there is a lack of scientific information
regarding chemical composition of common goutweed,
dandelion and chickweed. Moreover, there are little
research about effects of processing — freezing or drying
on the changes of pigments content in non-traditional
wild edible plants mentioned above.

It is assumed that the greater intensity of the colour of
leafy plants indicates its higher nutritive value
(Shibghatallah, ~ Suhandono,  2013).  Significant
differences were found between the values of the colour
components L*, a* and b* of fresh, frozen and dried
leafy plants (Table 2).

The highest L* value, related to the lightness, was found
for fresh chickweed and dandelion, respectively
(45.25£0.16) and (44.40+0.18) (Table 2). The lowest
values of this colour parameter were determined for
dried stinging nettle samples (23.44+0.08) (showing a
darker colour intensity). For all fresh leafy plant samples
the highest b* value were determined. This colour
component is related to the yellowness. The highest
values of parameter a* were obtained for dried stinging
nettle (1.34+0.10) and dried chickweed (1.30+0.10).
This colour component is related to the redness.

It has been found that colour parameters L*, a* and b*
are significantly affected by freezing or drying of leafy
plant samples.

Table 2

Colour components in plants

Colour components

Plant material Analysed sample T pe b~
Fresh 42.61+0.12 0.87+0.03 20.32+0.11
Stinging nettle Frozen 24.40+0.10 0.53+0.01 9.68+0.07
Dried 23.44+0.08 1.34+0.10 4.40+0.05
Fresh 38.76+0.10 0.97+0.07 19.76+0.12
Common goutweed Frozen 37.98+0.09 0.85+0.05 15.89+0.10
Dried 28.44+0.08 1.22+0.10 13.98+0.09
Fresh 44.40+0.18 0.85+0.08 21.94+0.15
Dandelion Frozen 43.43+0.15 0.81+0.08 17.85+0.11
Dried 26.62+0.10 1.27+0.14 13.75+0.09
Fresh 45.25+0.16 0.78+0.05 22.34+0.11
Chickweed Frozen 42.86+0.12 0.65+0.08 14.19+0.10
Dried 27.41+0.10 1.30+0.10 12.79+0.09
Conclusions biologically active substances, but those are highly

As some wild edible plants are very healthy and will
provide consumers with necessary pigments and other
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seasonal, then for preservation, these plants better freeze
than dried. Freezing of leafy plant samples promotes
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pigment extraction from them, contrary to that, the dried
samples contained three times less pigment. The best
source of chlorophylls in spring time is fresh nettle
leaves. The ratio between chlorophyll a/b was higher in
goutweed leaves regardless of processing. Significant
differences were determined between the colour
components L*a*b* of fresh, frozen and dried plant

leaves.
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