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Shoots of Vaccinium corymbosum L. (Ericaceae), which introduced in Ukraine are thought to be
responsible for several therapeutic properties. Acetone (80 and 100%), ethanol (96%), and dyethyl
ether extracts were prepared from aerial parts of V. corymbosum cv. Elliott in order to examine
chlorophyll a and b, and carotenoids content. The quantitative content of chlorophyll a and b, and
carotenoids in the shoots of V. corymbosum of the Elliott variety has been investigated and the dynamics
of their seasonal accumulation, depending on the vegetation phase, has been analyzed. The content of
pigments was determined spectrophotometrically at wavelengths that correspond to the absorption
maxima of chlorophylls a and b and carotenoids for each solvent. For comparison, Vaccinium uliginosum L.
(bog bilberry) shoots were used, as an aboriginal European species of Ericaceae. It was established that
the best solvent for extraction of chlorophylls in V. corymbosum shoots is 100% acetone, as compared
to 96% ethanol and diethyl ether. The highest content of both chlorophylls was in the flowering and
fruiting stages. The maximum values for chlorophylls a and b content were recorded in autumn period -
end of September-beginning of October (phase III of growing season): 78.57 £2.02 mg/100 g DW for
chlorophyll a, and 81.13 0.72 mg/100 g DW for chlorophyll b. In the 80% acetone as extragent the
maximum values for both chlorophylls were observed in Phase II of fruiting 73.24 #0.27 mg/100 g
DW for chlorophyll a and 48.51 +0.55 mg/100 g DW for chlorophyll b. In all the variants studied, the
minimum value of chlorophylls a and b was observed in the IV winter growing season. The content of
chlorophylls in the shoots of V. corymbosum is higher compared to the V. uliginosum during fruiting
period, and the total content of carotenoids in the V. corymbosum and V. uliginosum shoots was not
significantly different at the fruiting stage.
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Introduction

Highbush blueberry (Vaccinium corymbosum L.) is along-blooming deciduous shrub belonging
to the section Cyanococcus, genus Vaccinium, heather family (Ericaceae). The record of the
name of Vaccinium corymbosum derives from WCSP (data supplied on 2012-03-23) which
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reports it as an accepted name with original publication details: Sp. Pl. 350 1753., derived
exclusively from North America, which is found in wild form in marshy regions north USA
and Canada (Vander Kloet, 1980; Song and Hancock, 2011). In the ecological aspect, highbush
blueberry belongs to the xeromorphic oligotrophs and obligates mycorrhiza species, as well
as to plants with incompletely specialized flowering shoots (Pliszka, 2002). V. corymbosum is
a plant that has a high commercial value and is cultivated worldwide. Species of highbush
blueberries introduced and grown in Ukraine are outside their ecological optimum and are
vulnerable to changes in environmental factors (Shlapak et al., 2013; Vasyuk, and Haritonova,
2016). A sensibleindicator of the physiological state of plants is the quantitative and qualitative
changes in the pigment complex, which is interesting and relevant for V. corymbosum. Herbal
pigments are not only responsible for the absorption, transmission, and transformation
of light energy into photosynthesis, but also biologically active sources for therapeutic
applications, including antioxidant, antitumor, anti-inflammatory action, photothermal,
photodynamic therapy (Wang and Wink, 2016; Park et al.,, 2018). It is known that chlorophylls
and carotenoids correlate with phenolic compounds of plants, and also play an important role
in the prevention of thalassemia and hemolytic anemia; and reduce the risk of cardiovascular
disease (Niroula et al., 2019), exhibit antioxidant and immunomodulatory activity that
prevents age disease, skin disease due to exposure to ultraviolet radiation, diabetes and some
types of digestive tract cancers in human (Clotault et al., 2008; Bernal et al., 2010).

The aim of the study was to investigate the features of photosynthetic pigment accumulation
(chlorophylls a and b and carotenoids) in shoots of V. corymbosum L. cv. Elliott and to trace
their changes in different vegetation periods in order to evaluate the possibility of use as
a medicinal plant raw material; to compare the pigment content in V. corymbosum and
V. uliginosum shoots in the fruiting phase.

Material and methodology

Plant material

Shoots of Vaccinium corymbosum cv. Elliot grown on the experimental plot of ‘Berry Partner*
Ltd. in the village Sokilnyky of Lviv region of Ukraine were collected in the seasons 2017-
2018. V. corymbosum plants were obtained by in vitro propagation on Woody Plant Medium
(Yavorska et al., 2016). Collection of V. corymbosum c.v. Elliott plant materials, was carried out
during flowering (I), fruiting period (II), in autumn after fruiting (III), the period preparation
for winter rest (IV). Shoots of Vaccinium uliginosum (an native European species of the
Ericaceae family) harvested during fruiting were used for comparison. The plant material was
air-dried in the dark at a temperature of 22-24 2C and ground to a powder before use.

Extraction of photosynthetic pigments

Pigments of airborne shoots of highbush blueberry were extracted with acetone (80
and 100%), ethanol (96%), diethyl ether. The content of pigments was determined
spectrophotometrically (as described in Musienko et al., 2001). The optical density of
the extract was determined at wavelengths that correspond to the absorption maxima of
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chlorophylls a and b and carotenoids for each extractant. Shredding of dry material carried
mechanically (using a grinder), and then passed through sieves with pore diameter 2.5 mm
and used for the extraction process. 100.00 or 200.00 mg plant material was ground, placed in
a porcelain mortar and triturated refilling 2-5 mL portions of chilled solvent in the presence of
calcium carbonate (0.2 g). The extract obtained was centrifuged at 5.000 rpm for 10 minutes.
The supernatant was collected, and the precipitate resuspendable to discoloration. The
extracts were combined, the volume was adjusted to 25 or 50 ml, and the optical density at
the appropriate wavelength was determined using a solvent as a solution for comparison.
Depending on the nature of the solvent used to extract the pigments, their concentration was
calculated according to the corresponding equation.

Determination of the total content of photosynthetic pigments

The concentration of chlorophyll a (Chl a), chlorophyll b (Chl b), chlorophyll a + b (Chl a + b),
and carotenoids were calculated according to the formulae. If 100% acetone was employed
in pigment extracting, the optic density was defined in optimal A waves (in A=662; 644;
440.5 nm). The pigment concentration was estimated by Holm-Wettstein formula (Holm,
1954; Wettstein, 1957):

Cema ME/L =9.784 Dy, - 0.990 - D,
Cep p M/L = 21.426 - Dy, - 4.650 - D,
Cent (a+ by M8/L=5.134 - Dy, + 20436 - Dy,

Calculations were performed according to the formula proposed by Shlyk (Shlyk, 1968) too:

Cope ME/L =117 - D, - 2.02 - Dy,

Chla’
Cenp M/L=21.19 - Dy, - 4.54 - D,
Conl @+ py M8/L =714 Dy, +19.10 - Dy,

[f 80% acetone was used for the extraction of pigments, the absorption was measured atA 665,
663, 649, 646,470 nm. The pigment concentration was estimated by the formula proposed by
Vernon (Vernon, 1960):

Cop o ME/L = 11.63 D, - 239 D,
Cepty ME/L=20.11- D,y - 5.18 - D,

C mg/L = 6.45 D +17.72 - D,

Chl (a + b)’

The calculations were performed according to the formula proposed by Lichtentaller and
Welburn (1983) too:

C
C

mg/L=1221-D, - 2.81-D,,,
mg/L=20.13- D, - 5.03 - D,

Chl &

Chl p’
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Calculations of the content of chlorophylls and carotenoids in the extract, where 96% ethanol
was used as a solvent, were carried out according to the formula proposed by Wintermans
and de Mots (1965) aftermeasurement of absorbance at 649 and 665 nm:

Cep o Mg/L=13.70 - D, - 5.76 - D,
Ceppy mg/L=25.80-D,,q-7.60-D,.

Calculations of the content of chlorophylls and carotenoids in the extract, where 100%
diethyl ether was used as an solvent, were carried out according to the formula proposed by
Wintermans and de Mots (1965) after measurement of absorbance at 480, 642.5 and 660 nm:

Coptw ME/L=9.93 - Dyy - 0.777 - Dy o
Cpmg/L=17.6-D,,, . - 2.81-D,,
Contgas by M8/L=7.12-Dgey +16.8 - Dy ,
Ce,mg/L = (1,000 - D,y - 0.52 - Cpyy, - 7.25 Coyy /226

The results were recalculated and expressed in mg per g of dry matter. To calculate the content
of pigments in the plant material in mg/g of dry or fresh weight, according to following
formula:

A=C-V/H-1,000

where A - content of pigments, mg/g dry or fresh weight; C - pigment concentration, mg/l;
V - volume of extract, ml (25 or 50 ml); H - weight of plant material (0.100-0.200 g).

All extraction procedures were performed under subdued light to avoid pigment degradation.
Values represent mean * SE (n = 5).

Results and discussion

Investigation of the content of pigments, namely chlorophylls, is an important indicator in
plant physiology, biochemistry, ecology and has a taxonomic value. When applying plant raw
materials for the manufacture of drugs or in the treatment of the use of teas or tinctures
that make ex tempore it is important to know their composition, and hence the content of
chlorophylls and carotenoids. For the initial screening of plant material, as well as for checking
its quality in routine analyzes, rapid methods, in particular spectrophotometric, are most
suitable. Determining the concentration of chlorophylls a and b in solution without separating
them is difficult, however, existing differences in the absorption spectra, namely certain
wavelengths where the absorption of one pigment significantly exceeds the absorption of
another, allow quantitative determination of chlorophylls a and b without their separation. In
this study we used acetone (100%, 80%), ethanol (96%) and diethyl ether as solvents, which
are effective extractants and provide close estimates of the content of chlorophylls (Ritchie,
2006). Table 1 presents the quantitative content of Chl a, Chl b, Chl a + b in acetone and ethanol
extracts of V. corymbosum shoots in different phenological periods and V. uliginosum L. (during
fruiting).
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Table 1 Chlorophylls contents (mean +SD) in shoots of Vaccinium uliginosum L. and V. corymbosum
L. cv. Elliott
Plant material Phenological Chla Chl b Chla+b
phases* (mg/100gDW) (mg/100gDW) (mg/100gDW)
In 100% acetone
according to Holm-Wettstein formulas
V. uliginosum II 29.60 £0.83 20.29 £0.43 49.88 £0.43
V. corymbosum cv. Elliott I 56.20 +0.38 12.94 +0.15 69.14 +0.24
I1 63.98 £0.46 61.22 +1.52 125.13 £1.98
11 69.84 +1.69 81.13 +0.72 150.97 +0.98
IV 28.95 +0.05 11.73 £0.04 40.66 +0.07
according to Shlyk formulas
V. uliginosum I1 33.91 £0.99 20.19 £0.43 54.1 £0.59

V. corymbosum cv. Elliott I 65.49 +0.46 13.03 £0.14 78.52 £0.32
11 72.47 £0.59 60.82 £1.50 133.35+2.08
I 78.57 £2.02 80.54 +0.71 157.85 £1.15
v 33.52 +0.06 11.71 £0.02 45.22 +0.07

In 80% acetone

according to Vernon formulas
V. uliginosum 11 28.91+0.03 17.22 £0.03 46.14 +0.01
V. corymbosum cv. Elliott I 29.02 +1.31 14.23 £0.72 43.26 £0.59
I1 65.54 +0.71 48.51 +0.55 111.84 £3.65
II 38.89 +0.15 27.99 £0.15 66.92 £0.06
v 29.83 £0.45 2.15+0.18 31.99 £0.27
according to Lichtenthaler formulas

V. uliginosum II 29.81 £0.73 12.26 £0.31 42.07 £0.61
V. corymbosum cv. Elliott I 36.90 +0.60 5.04 £0.26 41.90 £0.37
I1 73.24 £0.27 29.56 0.44 102.60 £0.36
11 37.8+0.14 24.05 +0.09 61.85 +0.07
\Y% 26.7 +0.12 2.39 £0.05 29.09 +0.07

In 96% ethanol

according to Wintermans and de Mots formulas

V. uliginosum 1l 18.94 £0.02 25.73 +£0.02 44.67 +0.02
V. corymbosum cv. Elliott I 19.41 +0.24 20.87 £0.23 40.28 £0.06
11 22.43 £0.12 6.32 £0.05 28.75 +0.08
II 17.74 £0.33 26.64 £1.22 44.38 +0.92
vV 16.79 £0.15 4.21 +0.09 21.01 £0.06

Notes: *phases of vegetation: I - the period of flowering; II - the period of fruiting ; III - in autumn after fruiting period;

IV - the period preparation for winter rest.
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Depending on the solvent, as shown in Table 1, the absolute values of chlorophyll content vary
considerably. Thus, the content of Chl a in the 100% acetone extracts of V. corymbosum shoots
inthe phaseland phaseIllis 1.5-2.0 times higher compared to the corresponding 80% acetone
extracts. Quantitative values of chlorophyll content in 96% ethanol extracts are significantly
lower (2-3 times) compared to 80 and 100% acetone extracts. The quantity of chlorophylls in
the extracts of V. uliginosum and V. corymbosum in the use of diethyl ether as a solvent (Table
2) is significantly lower compared to acetone and ethanol extracts, respectively.

The results obtained indicate that the content of chlorophylls and carotenoids in shoots
of blueberries c.v. Elliott increases from flowering phase to fruiting phase (Table 1, 2),
regardless of the extractant used to determine them. Further increases in the content of
chlorophylls and carotenoids in the autumn (late September - early October - phase I1I) were
detected only when 100% acetone was used as the extractant: 78.57 *#2.02 mg/100 g
DW for chlorophyll a and 81.13 +0.72 mg/100 g DW for chlorophyll b. Apparently, due
to the accumulation of other groups of substances, 80% acetone and diethyl ether do not
remove the entire amount of pigments from shoots in other investigated phases of highbush
blueberry. The minimum content of chlorophylls a and b was observed at the beginning of
winter (phase IV).

The content of chlorophylls a and b in shoots of bog bilberry was 2-3 times lower than that
of highbush blueberry in the fruiting phase in all investigated variants, except for the use of
diethyl ether as an extragent, where the absolute values of chlorophylls a and b were slightly
different both investigated species.

Table 2 Chlorophylls and Carotenoid contents (mean *SD) in shoots of Vaccinium uliginosum L
and V. corymbosum L. cv. Elliott
Plant material Chla Chl b Chla+b Car
(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)
In Diethyl ether

V. uliginosum 11 16.90 £0.26 18.20 £0.09 35.07 £0.20 4.39 +0.12

V. corymbosum cv. Elliott

I 16.68 £0.25 8.98 +0.14 25.65 +0.14 3.81 +0.04

I 18.85 £1.94 12.4 +0.63 31.23 +0.06 3.72 +0.05
III 19.37 £1.80 27.04 £2.89 4495 +1.11 4.01 +0.17
IV 11.66 £0.31 6.5 +0.19 18.26 £0.24 2.73 £0.04

Notes: *phases of vegetation: I - the period of flowering; II - the period of fruiting ; III - in autumn after fruiting period;
IV - the period preparation for winter rest.

The content of carotenoids in the extracts of V. corymbosum shoots with ethyl ether was
growing from the beginning of the vegetation till autumn and almost halved in the winter
period of vegetation (IV period of winter rest). The increase in carotenoids content
in V. corymbosum occurred during the growing season and decreased twice with the onset
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of winter rest (Table 2). The quantity of carotenoids in the extracts of V. uliginosum shoots is
higher compared to V. corymbosum during fruiting (Phase II).

Since chlorophylls and carotenoids in food and herbal medicines are predominantly
composed of lipophilic derivatives, and exhibits antioxidant, anti-mutagenic activity, and
anti-inflammatory action, and could induction of apoptosis (Ferruzzi et al., 2007; Niyogi et al.,
2015), itis important to know their content and to study the mechanisms of action.

Conclusions

According to the results of our studies, the following conclusions can be made: for extraction
of chlorophylls from V. corymbosum shoots, the best solvent is 100% acetone, as compared
to 96% ethanol and diethyl ether; the highest content of both chlorophylls was in the
flowering and fruiting stages; the minimum values for chlorophylls a and b content were
recorded in winter period; the content of chlorophylls in the shoots of V. corymbosum is
higher compared to the V. uliginosum in fruiting period; the total content of carotenoids in
the V. corymbosum and V. uliginosum shoots was not significantly different at the fruiting
stage. This results will have great significance for comprehensive study and further use of
V. corymbosum shoots as medicinal importance plant material.
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