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Abstract

Conditions of plant cultivation directly influence the chlorophyll and carotenoid pigments concentrations. The
aim of investigations was the determination of lutein in kale (Brassica oleracea L. var. acephala) upon various
cultivation conditions including: low and high temperature (overnight and daytime in the greenhouse the
temperature was 12 + 2°C and in the laboratory the temperature was 22 + 2°C), lack of water (some plants were
watered only one time weekly), saline stress (5% of sodium chloride added to irrigation water; watering two
times weekly was applied), as well as UV radiation of plants by means of UV lamp (A = 254 nm; suitable to
UVC solar radiation; duration 4 h per day). Three months old cuttings were taken and next mentioned cultivation
conditions were applied during one month. Moreover, the outdoor cultivation of kale cuttings was performed.
Qualitative and quantitative analyses of plant extracts were made by use of HPLC-UV-VIS-MS technique. Mean
values for lutein accumulation as a function of dry mass (mg/g) in leaves of kale have been presented. Obtained
results show maximum xantophylls (lutein) concentration occur in fully developed plant leaves of kale for red
kale 2.04 £+ 0.15 and green kale 1.10 + 0.09 mg/g respectively.
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1. Introduction

One of the richest sources of carotenoids, especially xanthophylls, is plant material like kale. Kale (Brassica
oleracea L. var. acephala) is one of the oldest cultivate form of cabbage. The central leaves are green or purple
in color. It is considered to be closer to wild cabbage than most domesticated forms. The species it contains a
wide array of vegetables including broccoli, cauliflower, collard greens, and brussels sprouts and they are similar
genetically (Wood, 1988). Kale is considered to be a highly nutritious vegetable with powerful antioxidant
properties and is anti-inflammatory. The concentration of vitamin K, vitamin C, lutein, zeaxanthin as well as
B-carotene in kale is very high (Sikora et al., 2008). Also it is reasonably rich in calcium. The antioxidant
activity of kale is higher than as follows garlic, spinach, brussel sprouts as well as broccoli flowers (Cao et al.,
1996). More popular than kale, an edible and flowering green vegetables is spinach (Spinacia oleracea) (Wright,
2001). Leaves of this plant contain antioxidant flavonoids, in particular spinacetin and patuletin (Aehle et al.,
2004). The biological activities of spinach polyphenols have been already reported (Edenharder et al., 2001; Gil
et al., 1999; Lomnitski et al., 2000). Spinach as a vegetable is very important in daily diet. It is an important
raw-material in the food processing industry (Aritomi & Kawasaki, 1984; Gil et al., 1999). However kale is
suitable vegetable to storing for a long period of time. Qualitative changes in kale leaves after preliminary
processing and preservation by freezing were insignificant. Obtained results confirmed, that freezing was a better
method of preserving kale leaves since the loss of nutritive constituents was lower than in the case of canning
(Korus & Lisiewska, 2011).

Nutrients including carotenoids are needed by human organism for the protection from cancer as well as against
various diseases and fast grow old (Holden, 1999). All nutrients are assimilated only from daily diet rich of
vegetables and fruits. Xanthophylls belong to the carotenoids. These compounds are also antioxidants like
carotenoids (Rao & Rao, 2007; Jackson et al., 2008). The group of xanthophylls includes lutein, zeaxanthin,
neoxanthin, violaxanthin, and o- and B-cryptoxanthin. Their molecular structure is based on carotenes, with
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additional oxidation. One of important nutrients is lutein, a yellow plants pigment. In human health it plays an
important role. Lutein is considered as very strong antioxidant, which can destroy free radicals. This is connected
with the influence of lutein for the protection of eye and skin. High concentration of lutein can be found in retina,
where it works as a filter from blue and UV light and as an antioxidant in the scavenging of photo-induced free
radicals (Landrum & Bone, 2001; Wood, 1988). It can be produced in high amount because of increased
exposition of retina on light (Mozaffarieh et al., 2003). The similar protection (lutein as a filter), found in skin,
reduces risk of skin cancer. Also lutein plays a protective role from cataract and AMD (Age-related Macular
Degeneration). AMD is very problematic diseases, and high intake of lutein can reduce risk even about 50%
(Wood, 1988). Its next important role is reducing a risk of cardiovascular diseases, as artherosclerosis, because it
prevents oxidation of HDL (High Density Lipoprotein) to LDL (Low Density Lipoprotein) (Handelman et al.,
1999; Loane et al., 2008; Ribaya-Mercado & Blumberg, 2004; Roberts et al., 2009; Rock, 1997; Sommerburg et
al., 1998; Tyssandier et al., 2002; Voutilainen et al., 2006).

From the analytical point of view, chlorophylls and carotenoids are most successfully analyzed by liquid
chromatography (LC) and thin-layer chromatography (TLC) (Aman et al., 2005; Kurilich et al., 1999; Tsao et al.,
2004; Lin et al., 2007; Quach et al., 2004). Modern analysis employs mass spectrometry techniques (MS) with
electrospray (ESI), which have had the ability to elucidate complex analyties structures through the
determination of accurate molecular weights and limited fragmentation patterns. The development of advanced
methods of separation including HPLC as well as LC/MS has been observed especially in qualitative and
quantitative analyses of carotenoids mixtures (Tsao et al., 2004).

In the current study, results of lutein and other pigments accumulations within kale leaves of plant cultivate in
different cultivation conditions have been presented. Changes of pigments concentration were observed in
various phases of plants growth. Various growth conditions like: low and high temperature, lack of water, saline
stress by using of water contained 5% of sodium chloride, UV radiation (A = 254 nm) were applied. Mentioned
conditions were applied during one month of all investigations. The comparison of obtained results for plant
before start and in the end of experiments was made.

2. Methods and Materials
2.1 Preparation of Kale Samples

The kale cultivar under investigation was Winterbor F; (green leaves) and Redbore F; (red leaves), produced by
the Dutch firm Bejo Zaden b.v. (Netherlands). These cultivars are classed among those most resistant to disease
and frost damage. Our inestigation were carried out between Fabruary and October. Winterbor F; and Redbore F,
kale varieties were planted from seeds with two plants in sterilized soil obtained from local market (OBI, Torun,
Poland) per pot (14 cm diameter, 12 cm height) in a greenhouse. Plants were grown without supplemental light
at ambient relative humidity for 12 weeks. Cuttings were germinated in a greenhouse, under natural lighting
conditions. The three replications of each kale seedling were prepared. Any additional water-soluble fertilizer
was not applied. Three months old plants were taken to investigations. During our investigations (four weeks)
plants characterised by red and green leaves were cultivated still in greenhouse (ambient temperature 10 - 14°C)
and also in the laboratory (ambient temperature 20 - 24°C). Various cultivation conditions were applied, such as:
low and high temperature (overnight and daytime in the greenhouse the temperature was 12 + 2°C and in the
laboratory the temperature was 22 + 2°C), lack of water (selected plants were watered only one time weekly),
saline stress by adding NaCl to irrigation water (5 % solution of NaCl). Effects of UV radiation A = 254 nm were
also checked. The applied radiation is suitable to UVC solar radiation. Selected plants cultivated in the
laboratory were taken for this part of experiments. The ultraviolet lamp (COBRABID, Warsaw, Poland) was
used in the continous mode during 4 h per day. All plants taken under cosideration (beside those for lack of
water experiment), were watered three times per week. Simultaneously three cuttings of Winterbor F; and
Redbore F; kale were cultivated in mentioned conditions. After one month experiments (after 16 weeks the
seedlings were planted) harvest of plants was made.

Also, the outdoor cultivation of kale cuttings was performed. Kale was grown from seedlings planted in an
experimental field located in northern Poland, on the western outskirts of Torun (53°N, 18°E). Previously
obtained seedlings were planted at spacings of 50 x 50 cm in late June. The mineral fertilization was applied
according to the fertility of soil and the nutritional requirements of the crop. Plants grew under natural lighting
and temperature conditions. A single harvest was carried out 16 weeks after planting, during the one day of
October. The main veins were then removed from the usable leaves (those with good colour and undamaged by
disease or others). Fully developed plants were examined to compare the results.
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Air-drying was carried out using electric laboratory drier (power rating 1200W; Elektron, Warsaw, Poland). Cut
kale leaves were dried at a temperature of 60°C, this being the temperature of air blowing over the first lower
sieve. The position of sieves was changed every 30 min to prevent crusting at the beginning of the drying
process and roasting at the end. The drying time required to attain the redetermined humidity level of below 5%
was 8 h. After drying, samples were ground with a mortar (Christison, Gateshead, Tyne and Wear, United
Kingdom) with pestle. Compounds contained in plant samples were extracted from the leaves by grinding with
organic solvents (1 mL of methanol to 0.05 g of dried kale). The extraction was performed about 24 hours. Then
extracts were filtered through a 0.2 um PTFE filter (Econofilter PTFE 25/20; Agilent Technologies, Wilmington,
Germany) using a 10 mL syringe (Van Oostveen Medical B.V., Wilnis, The Nederlands). Finally we disposed of
three extracts of Winterbor F; and Redbore F; kale, which were cultivated in various conditions. Obtained
extracts were kept in a refrigerator (4°C).

Next experiment occurred the assessment of carotenoids constituents in kale leaves by means of
HPLC-UV-VIS-MS. The level of selected carotenoid concentration, namely lutein, formed the criterion for
evaluation. The concentration of lutein in kale extracts before and after all experiments was compared. Scheme
of sample preparation method used for separation of pigments from kale leaves is presented in Figure 1.

Fresh kale at first was cultivated in our lab. Leaves were
dried at 80 °C{8h)and grounded in mortar with pestle.

¥

50 mg of dried kale leaves was extracted with 1 mL of
methanol. The static extraction was performed for 24 hours.
Then extracts were then filtered through
a 0.2 pm PTFE filter using & 10 mL syringe.
Obtained extracts were kept in a refrigerator (4 *C).

¥

Before analysis 0.5 mL of kale extract
was diluted with 0.5 mL of methanal.

HPLC-UV-VIS, HPLC-MS

Figure 1. Scheme of sample preparation method used for separation of pigments from kale leaves

2.2 Carotenoid Content — HPLC Analysis

The HPLC unit with Agilent Quaternary Pump1100, coupled to UV-VIS detector and Triple Quad 6410 mass
spectrometer (Agilent Technologies, Palo Alto, CA, USA) was used for pigment separation. All samples were
analysed for lutein using a Zorbax C8 column, diameters: 150 x 4.6 mm I.D; d,= 5 um (Agilent Technologies).
The column was maintained at 25°C. HPLC effluent was simultaneously monitored by UV-VIS detector and MS.
Standard solutions and plant extracts were eluted at a flow rate of 1.0 mL/min using a binary solvent system
consisting of A: water/formic acid (0.1%) and B: acetonitrile as a mobile phase. The gradient was performed as
follows: from 0 to 5 min — 50% B, from 5 to 10 min — 60% B, from 10 to 15 min — 70% B, from 15 to 20 min —
80% B, from 20 to 30 min - 85% B. The eluent was returned to 50% A and 50% B for 10 min to re-equlibrate the
column prior to the next injection. Peak assignment was performed by comparing retention times and absorption
obtained from the UV-VIS and MS detection of authentic standard (lutein from Carl Roth GmbH, Karlsruhe,
Germany). Eluted compounds from a 10.0 puL injection volume were detected at wave length A = 450 nm by
UV-VIS detector and simultaneously by mass spectrometer. Collected data were recorded and integrated using
ChemStation Software (Agilent Technologies).
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2.3 MS Conditions for Analyses

Identification The HPLC unit with Triple Quad 6410 mass spectrometer was used. The ESI source at capillary
voltage 4000 V and at temperature 325°C was applied. Nitrogen at flow rate 9 L/min was used as drying gas. The
spectrometer was operated in the positive ion mode. Mass spectra of lutein were acquired with full scan range
(m/z 100 — 1000) and single ion monitoring - SIM (m/z 551 and 568, fragmentor 150).

Quantification For the calibration procedure standards mixtures of lutein (Carl Roth GmbH, Karlsruhe,
Germany) in methanol (Sigma-Aldrich, St. Louis, MO, USA) were prepared. The concentration of lutein was in
the range 1.60 — 50.00 pg/mL. Kale extracts obtained from plants taken to investragations were also analysed.

2.4 Method Validation

All calibration data namely average of the peak retention time (tr), standard deviation (SD) estimated for tg,
calibration equations using peaks area for LC/MS and LC with UV detection, linearity presented as a correlation
coefficient (R?) of the calibration curves, limits of detection (LOD) and quantification (LOQ), precision (RSD)
as a relative standard deviation estimated for peak areas are presented in Table 1.

2.5 Statistical Analysis

Statistical analysis allowing a comparison of the content of anti-oxidant compounds was carried out using
single-factor analysis of variance (ANOVA) on the basis of the Snedecor F and Student’s t tests, and the least
significant difference (LSD) was calculated at the probability level p < 0.01. The Stastica 8.0 program (StatSoft,
2007) was used.

3. Results

In our investigations varieties of kale Winterborl (green leaves) and Redborl (red leaves) were taken into
consideration. Representative LC/MS chromatograms of extracts obtained from leaves of green and red kale are
presented in Figure 2. An electro spray ionisation (ESI) was applied for LC/MS analyses.
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Figure 2. Comparison of chromatograms for red and green kale cultivated in ambient temperature 25°C (red line
colour - red kale, green line colour — green kale). Detection UV, wavelength A =450 nm

The comparison of LC/MS chromatograms obtained in full scan and single ion monitoring (SIM) modes are
presented in Figure 3.
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Figure 3. MS spectrum of lutein in full scan (A) and SIM (B) modes

Mass spectra of lutein acquired with a full scan range m/z 100 - 1000 and a single ion monitoring (SIM) (m/z 551
and 568) was targeted for study. Nevertheless, limit of detection evalueted for lutein (LOD = 0.20 pg/mL) was
lowest for a SIM mode than full scan mode. We desided to apply SIM mode for the qualitative and quantitative
analyses of plant extracts and standard solutions.

Series of working solution containing standard of lutein at six concentration levels were obtained for the
establishment by the linear least-squares regression procedure. The particular calibration data of standard
mixture are listed in Table 1.

Table 1. Calibration data used for the determination of lutein in plant extracts by HPLC/MS

Detection  Retention SD Concentration  Calibration R? LOD LOQ RSD
method tlme' (t)  estimated range curve [ug/mL] [pg/mL] estimated
[min.] for tg [ng/mL] for peak
[min.] areas [%]
MS 23.781 0.045 1.60-50.00 y=1962.8 0.9969 0.20 0.60 5.64
x +148.89
UV (A= 23.738 0.059 1.60-50.00 y=4.4445 0.9995 0.50 1.50 6.47
450 nm) x — 1.9406

The correlation coefficients (R?) were calculated, higher than 0.9995, confirming good linearity of the method.
The solutions were each injected three times (n = 3). The reproducibility study was carried out by performing
three parallel replicate extractions and analysis at the concentration of 10 pg/mL for lutein under the optimal
conditions. The resultant reproducibilities expressed as relative standard deviations (RSDs) were 5.64%

78



www.ccsenet.org/jfr Journal of Food Research Vol. 1, No. 4; 2012

estimated for peak areas of lutein by HPLC-MS and 6.47% estimated for peak areas of lutein by HPLC-UV-VIS.
These results (see Table 1) show that the proposed method has a high sensitivity and reproducibility.

In analysis method of lutein solutions, sensitivity is evaluated by the assessment of the limit of detection (LOD)
and limit of quantification (LOQ). The LOD and LOQ for the lutein with this method were defined as the
content of the compound in extract (expressed as pg/mL) that gave rise to a signal-to-noise ratio of 3 and 6
within its retention-time window. The values of LOD and LOQ for the lutein were estimated at 0.60 pg/mL (MS)
and 1.50 pg/mL (UV-VIS).

The quantitative analysis of compounds determined in plant extracts was done by the external standard method.
Results of lutein concentration in leaves of kale cultivated in various conditions are presented in Figure 4.

EmRedborFl

W \Winterhor F1

Cancentration mgdy

Figure 4. Results of lutein concentration in kale extracts by HPLC-MS

Obtained data allow for the determination of lutein in mg per 1 g of dry kale samples. Obtained results gives
possibility to compare differences of lutein concentrations in leaves of various green vegetables. Table 2 shows
quantities of lutein in red, green kale extracts by means of HPLC technique with MS detection.
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Table 2. Comparison of mean values for lutein accumulation as a function of dry mass (mg/g) in leaves of kale
obtained by means of HPLC-UV-VIS and HPLC-MS*

Kale Redbor F, Winterbor F,
cultivar [mg/g] [mg/g] LSD
Sample .
Detection UV-VIS MS UV-VIS MS p<0.01

system
3 months old plants 0.12+0.01 0.18+ 0.29+0.03 033+ 0.008
(start of experiments) 0.02 0.03
Plants cultivated at temp. 0.70 £0.06 0.69 = 0.42+£0.04 0.46 0.020
10 - 14°C during 1 0.05 0.04
month
Plants cultivated at temp. 1.08 £0.09 1.12+ 0.67 £0.05 0.59 + 0.065
20 - 24°C during 1 0.09 0.05
month
Plants after UVC 0.90 £ 0.08 0.92 + 0.22 +0.02 0.28 + 0.122
exposure during 0.08 0.02
1 month
Plants watered once per 0.67 £0.05 0.64 0.64 +0.07 0.68 = 0.002
week during 1 month 0.05 0.05
Plants cultivated at 0.79 £0.08 0.82+ 0.11+0.01 0.13+ 0.130
saline stress conditions 0.06 0.01
during 1 month
Fully developed leaves 1.94+0.12 2.04 + 0.98 +0.02 1.10 + 0.258
(8 months old plants) 0.15 0.09

*Values are presented as mean value = SD (n = 9) and expressed in dry matter.

4. Discussion

Many genetic, biochemical as well as physiological factors influence the content and distribution of carotenoids
in plants (Goldmann et al., 1999; Grusak et al., 1999). The physiological age of plant leaves and conditions of
growth directly influence in chlorophyll and carotenoid pigments concentrations. The increased coloration in
vegetable and fruit tissues associated with maturity is often indicative of increases in carotenoid concentrations
(Kopsell et al., 2004; Lefsrud et al., 2005; Lefsrud et al., 2006; Lefsrud et al., 2007; Gross, 2001). It is still
unclear, what changes the concentration of carotenoid in leaf during leaf ontogeny and various conditions during
plant growth.

The air temperature significantly influences the growing effects of kale. This plant can grow under a wide range
of air temperature, with optimum growth occurring at 20°C (Paul, 1991; Decoteau, 2000). We observed that the
concentation of lutein in kale leaves is higher, when plants grow at high air temperature. We compare results for
plants grow in cold green house (range of air temperature 10 - 14 °C) and in the laboratory room (range of air
temperature 20 - 24°C). Maximum concentrations of lutein occur in kale leaves cultivated at high lab temperature.
Particular data are as follow 1.12 + 0.09 mg/g (1.08 + 0.09 mg/g by UV-VIS detection) and 0.59 + 0.05 mg/g (0.67
+ 0.05 mg/g by UV-VIS detection) for red and green kale respectively. These amounts are about 80% higher than
in kale leaves of 3 months old plants (start of experiments). However, for plants cultivated at low temperature the
concentration of lutein was on the same level (0.69 £ 0.05 for red kale and 0.46 + 0.04 mg/g for green kale by MS
detection). These amounts are about two times higher than in the beginning of experiments. Kale can grow
successfully under a wide range of air temperature, but growth occurring between 20 and 25 °C, brings better
unfold leaves. Changes in the concentration of mentioned compound in kale leaves from the beginning to the end
of experiments were explicit visible. For red kale the concentration of lutein was six times higher.

One of the most common environmental stresses for plants can be incoming solar radiation. On the other hand,
the light is required to provide energy for plant metabolic systems. During light exposure of plant leaves surface,
antenna pigmets absorb phothons and obtained energy is transfered to the photosynthetic reaction center
(Lefsrud et al., 2006). In the reaction centre, molecules of chlorophylls, pheophytins, and quinones convert light
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energy into life process energy (Frank & Cogdell, 1996). In higher plants, carotenoids are distributed between
the two photosystems centres. In reaction centre of photosystem I carotenes and chlorophyll (maximum of
absorbance at A = 700 nm) play a role, while xanthophylls and chlorophyll a (maximum of absorbance at A = 680
nm) make up the majority of pigments in photosystem II (Demmig-Adams et al., 1996). Accordingly, at high
insolation excess energy must be removed from the photosynthetic system to prevent damage. Carotenoid
molecules are in close proximity to the chlorophyll molecules and quench the energetic triplet state of the
chlorophyll molecules to prevent damage to the photosynthetic system (Miki, 1991, Frank & Cogdell, 1996; Taiz
& Zeiger, 1998; Tracewell et al., 2001). Irradiance can affect increased accumulation of mineral and secondary
plant metabolites (Havaux et al., 1998). Increases in photosynthesis, also will increase plant biomass (Mills &
Jones, 1996). An important class of secondary plant metabolites is the carotenoids. According to literature data,
the content of carotenoids is less in plant leaves growing at shade conditions than in sunny place
(Demmig-Adam et al., 1996). Similarly, in summer-grown kale leaves concerned more B-carotene than kale
grown during winter months, when light levels are reduced (Azevedo & Rodriguez-Amaya, 2005). However, the
effect of solar irradiance on the production of carotenoid pigments is still unclear. That reason, the influence of
UV radiation at the selected wave length A = 254 nm (suitable to UVC solar radiation) was taken into
consideration. Experiments were carried out for three cuttings of red and green kale. Even 4 hours per day of UV
exposure brought about only insignificant damage of leaves. Finally, the concentration of lutein was 0.92 + 0.08
mg/g (0.90 + 0.08 mg/g by UV-VIS detection) for red kale and 0.28 + 0.02 mg/g (0.22 + 0.02 mg/g by UV-VIS
detection) for green kale. In case of red kale this amount is about 75% higher than starting, but for green kale is
less than in the beginning of experiments

Similar effects were observed for plants cultivated in saline stress (watering by use of 5% NaCl solution). In this
case we obtained 0.82 + 0.06 mg/g (0.79 £ 0.08 mg/g by UV-VIS detection) and 0.13 + 0.08 mg/g (0.11 £ 0.01
mg/g by UV-VIS detection) of lutein for red and green kale, respectively. The decrease in lutein concentration
could be due to effects of its photodegradation as well as dilution of the concentration as plants grow. Moreover,
obtained results show that kale is a rich source of lutein.

A higher concentration of lutein was observed in fully developed leaves of red kale than green kale. But red kale
lutein content is not significantly different compared with green kale. We concluded that Redbor F; kale is more
biological resistant, than usually cultivated green leaf kale (Winterbor F)).

5. Conclusions

The differences in pigment ratios during cultivation of kale are related to environmental growing conditions.
Obtained results show maximum xantophylls (lutein) concentrations in plants grow at range of air temperature 20
- 24 °C. Higher concentration of lutein occurs in red coloured kale leaves than green coloured. Red coloured kale is
more resistant to saline stress growing conditions. The using of unprofitable cultivation conditions has effect in
low concentration of lutein but also others carotenoids and chlorophylls.

Results obtained from the current study show maximum xantophylls (lutein) concentration occur in fully
developed plant leaves of kale.

The quantitative analysis of lutein separated from kale extracts needs high performance liquid chromatography
(HPLC) coupled with UV-VIS or mass spectrometry (MS) detectors. Especially, the determination of lutein by
HPLC-MS in SIM mode allows to obtaining more reproducible results.
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