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Abstract: The main focus of the study was to determine the content of phenolic acids, flavonoids,
and organic acids in the flowers of Tagetes patula ‘Petite Gold” and ‘Petite Orange’. The growth of
the plants was assessed depending on the cultivation conditions. The above plants were illuminated
with white light, whereas the ‘Petite Gold” ones with white light enhanced with blue or red light.
Both cultivars grew in a two-level-mineral compounds organic substrate. The research showed that
the French marigold flowers were rich in phenolic compounds and organic acids. The ‘Petite Gold”
flowers had more bioactive compounds compared with the ‘Petite Orange” flowers. Three flavonoids,
10 phenolic acids and seven organic acids were found in the ‘Petite Gold” flowers. The artificial
lighting used during the cultivation of the plants showed diversified influence on the content of
organic compounds in their flowers. The measurements of the plants’ morphological traits and the
number of inflorescences showed that illumination with red light resulted in a better effect. Large

plants with numerous inflorescences grew in the substrate with a lower content of nutrients.

Keywords: chemical composition; edible flowers; Tagetes; LEDs

1. Introduction

It is commonly know that flowers enhance the aesthetics of the environment. Some
of them are edible and can be used in two ways. They increase both the decorative and
nutritional value of food since they contain chemical components valuable for human
health [1,2] e.g., phenolic acids, flavonoids, and tannins [2,3].

One of those valued edible flower [4] plants is the French marigold (Tagetes patula L.).
Its flowers contain bioactive compounds from different groups, including carotenoids,
flavonoids, triterpene, alkaloids, and saponins [5]. The plant’s flowers exhibit antibacterial,
antifungal, anti-inflammatory, antioxidative as well as hypertensive and hypotensive activi-
ties [6]. However, according to Egebjerg et al. [7], both phytochemical and toxicological data
are insufficient to determine the amount of flowers that can be safely consumed by humans.

Flowers for consumption are traditionally cultivated and harvested from fields. How-
ever, the process is both weather and season-conditioned. French marigold belongs to those
plants that can be successfully grown in greenhouses ensuring the year-round harvesting.
However, in advanced production technologies artificial lighting, usually led-type, is used
to ensure constant conditions of cultivation, regardless of the season. A correct selection
of artificial lighting colour and intensity results in a good-quality high yield. Light is a
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very important environmental factor influencing the growth and production of secondary
metabolites in plants [8-10]. In general, the light wavelength, its intensity, and the time
of illumination significantly affect the accumulation of metabolites in plants [11]. Red (R)
light stimulates photosynthesis and plants growth [12]. Blue (B) light influences the con-
centration of chlorophyll, photomorphogenesis and the accumulation of antioxidants [13].
The amount of primary and secondary metabolites such as sugars, vitamin C, flavonoids,
and polyphenols increases along with the amount of R and B lights in the spectrum [14].
For example, a study on Anoectochilus roxburghii showed that the exposure of the plants to
the RB light spectrum (80%:20%) resulted in a higher flavonoid content than the exposure
to white light (W), R light, B light, and WRB light [15].

The selection of the right substrate is of key importance for the cultivation of French
marigold [16]. The substrate should ensure optimal air-water relations as well as chemical
properties (pH, salinity, content of nutrients). High moor peat substrates are used by stan-
dard for marigold cultivation [17]. However, there are no scientific publications providing
data on the chemical composition of the substrate for the production of French marigold
for edible flowers grown under artificial lighting.

The aim of the study was to determine the influence of the colour of light and the
chemical composition of the peat substrate on the yield of Tagetes patula ‘Petite Gold” flowers
as well as their content of phenols and organic acids. The content of phenols in the Tagetes
patula ‘Petite Gold” and ‘Petite Orange’ flowers grown under W light was also compared.

2. Results and Discussion

The first measurement taken after 30 days of growth did not reveal differences in the
height and diameter of the plants, regardless of the cultivar and substrate (Figure 1A,B).
The second measurement taken after 90 days showed that the plants of the ‘Petite Orange’
cultivar growing in substrate I were taller and had greater diameters than those growing in
substrate II. The substrate used for the cultivation significantly diversified the number of
inflorescences (Figure 1C). The plants of both cultivars growing in substrate I had more
inflorescences at both terms, which may have indicated an excessively rich chemical com-
position of substrate II. However, Krol [18] observed that nitrogen fertilisation positively
influenced the number of flower heads per plant. There were more ‘Petite Orange’ than
‘Petite Gold’ inflorescences.

Light significantly diversified the growth of the ‘Petite Gold’ plants (Figure 2A,B). In
both substrate combinations and at both measurement dates the tallest plants grew under
W + R light, whereas the W + B light application resulted in the shortest plants. Similar
observations were defined concerning the plant diameter. Differences in the dynamics of
plant growth resulted in differences in the N-NO; uptake, which was five times smaller in
the plants grown under W + B light than in those grown under W + R light. These results
confirm the thesis that B light inhibits the elongation growth of various plant species [19-22].
B light inhibits cell growth, whereas B light photoreceptors can regulate and change the
expression through which the stem elongation growth is inhibited [23]. However, studies
on sunflower [24] and marigold [25] showed that R light had greater influence on plant
compactness than B light. This effect may have been caused by the absence or a small
amount of B light in the spectrum. Interestingly, in the conducted study, after 30 days of
the experiment, the plants growing under W + R light on the substrate with a higher NPK
content were smaller with smaller diameters compared to the plants growing on substrate
I. According to Bergstrand et al. [26], this may have been caused by a higher accumulation
of biomass in the plants growing under W + R light.
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Figure 1. Plant height (A), diameter of plants (B) and number of inflorescences (C) of Tagetes ‘Petite
Gold” and ‘Petite Orange” depending on the substrate used (after exposure to W light). Means
followed by the same letters are not significantly different.
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Figure 2. Plant height (A), diameter of plants (B) and number of inflorescences (C) of Tagetes ‘Petite
Gold’ and ‘Petite Orange’ depending on the substrate and light used. Means followed by the same
letters are not significantly different.
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Substrate II also influenced the number of inflorescences in the plants growing under
W light (Figure 2C). Both measurements showed that the plants growing under W light and
in substrate Il had much fewer inflorescences than the plants growing under W light but in
substrate L. It is noteworthy that the plants growing in substrate II were characterised by a
much lower P and K uptake (statistically insignificant differences) than the plants growing
in substrate I. Both elements are very important in the development of the generative
phase of plants. W + B light also negatively affected the number of inflorescences during
the entire experiment. The plants growing under W + R light had over four times more
inflorescences than those growing under W + B light. Red light stimulates the flowering of
various plant species [27-29]. In the undertaken experiment B light noticeably inhibited
the development of inflorescences probably because this light generally inhibits the growth
and development of plants. Park and Runkle [30] indicate that a small amount of B light
(5-25%) in the entire spectrum may stimulate the growth and flowering of plants. This fact
was confirmed by our study, where the number of inflorescences in the plants growing
under W light was similar to the number of inflorescences in the plants growing under
R light although W light contained more than two times less R light; yet, the sum of B
light was similar for both spectra. The higher dose of R light in the spectrum significantly
affected the production of inflorescences at high nitrogen fertilisation. Nitrogen stimulates,
to a high degree, the excessive vegetative growth of plants. Despite this, R light influenced
the formation of inflorescence buds.

The study showed that the factors under analysis significantly influenced changes
in the chemical composition of the substrate (Tables 1 and 2). The substrate samples
collected from under the plants grown under different lighting conditions significantly
differed from each other in the content of most macronutrients (N-NOj3, P, K, Ca, Mg,
5-504) and micronutrients (Mn, Zn, and Cl). Different levels of nutrition caused significant
differences in the content of P, K, and Mg. Generally there were no significant changes in
the content of micronutrients. Meanwhile, in case of EC, an increasing tendency (but not
proved significantly) was found for substrate with higher content of nutrient—the relations
were determined also in case of each light colour. While analysing light colour effect, an
increasing tendency was found of EC for W + B—but the lowest EC values were observed
for W and W + R colour. The changes in the content of nutrients resulted from their uptake
by plants. This means that the factors under analysis may significantly influence both the
growth and yield quality. Kopsell and Sams [8] observed that additional illumination with
B light for five days before harvest significantly increased the content of macronutrients
(Ca, P, K, Mg, and S) and micronutrients (Cu, Fe, Br, Mn, Mo, and Zn) in the shoot tissues
of sprouting broccoli microgreens.

Table 1. Macronutrients and sodium content in substrate depending on light colour and substrate

(mg~dm*3).
Light Colour Substrate N-NO; N-NH, P K Ca Mg Na S-S0,
(A) (B)

. I 70a 265a 635a 635a  1246.0ab  212.0a 138.0a 316.5a
White II 14.0a 420a 1035ab  1180ab  1100.0a 2255ab  1255a  364.0ab

, I 28.0a 175a 375a 188.0bc  1401.0b  2440ab  150.0a 415.0b
White + blue I 195a 245a 585a 2170c  12945ab  2625b  1360a  3885ab
, I 20a 230a 183.0b  183.0bc  1246.0ab 2525ab  139.0a  369.5ab
White + red 11 7.0a 26.5a 63.5a 635a  12460ab  2120a 138.0 a 316.5a
White 10.5 ab 343a 835a 90.8 a 1173.0a  2188a 131.8a 3403 a

Mean for A White + blue 238b 21.0a 48.0a 202.5b  1347.8b  2533b 143.0 a 401.8b
White + red 45a 248a 1233b 1238a  1246.0ab 2323ab  1385a 343.0a

I 123a 224a 94.7b 1448b  1297.7a  2362b 1423 a 367.0 a

Mean for B II 135a 31.0a 752 a 132.8 a 12135a  2333a 1332 a 356.3 a

Means in columns followed by the same letters are not significantly different.



Molecules 2022, 27,527

50f13

Table 2. Micronutrients content (mg-dm~2) in substrate, pH and EC (mS-cm~!) depending on light
colour and substrate.

Light Colour Substrate
(A) (B) Fe Mn Zn Cu Cl pH EC
hi I 13.05 ab 1.45 ab 16.70 a 0.30a 52.0a 6.82 ab 0.65 a
White II 12.55a 1.70 ab 16.60 a 0.30 a 82.0 ab 6.58 a 1.05 ab
hi bl 1 19.10b 320b 23.65b 0.40 a 116.5b 6.61 ab 1.05 ab
White + blue I 13.15ab 2.40 ab 18.85 a 0.30a 111.0b 6.62 ab 1.15b
Red hi I 15.10 ab 140b 16.35 a 0.30a 55.5a 6.88Db 0.70 ab
ed +white 1 11.55 a 130a 15.10a 0.30a 92.0 ab 6.73 ab 0.90 ab
White 12.80 a 1.58 ab 16.65a 0.30 a 67.0 a 6.70 a 0.85a
Mean for A White + blue 16.13 a 2.80b 21.25b 0.35a 113.8b 6.62 a 1.10a
White + red 13.33 a 1.35a 15.73 a 0.30a 738 a 6.81 a 0.80 a
P I 1575 a 2.02a 18.90 a 0.33a 747 a 6.77 a 0.80 a
Mean for B 1 1242a 1.80 a 1685a 0.30a 95.0a 6.64 a 1.03a
Means in columns followed by the same letters are not significantly different.
Edible flowers contain various bioactive compounds, including phenolic compounds [3].
In the conducted study the total phenolic content (TPC) ranged from 1.12 to 1.55 mg g~ ! FW
(Table 3). There were no cultivar- or substrate-dependent differences observed. Only the
‘Petite Gold’ plants growing in substrate II and exposed to B + W light differed significantly
in the TPC (the highest value—1.35 mg g~ !) from the plants exposed to the R + W light
(the lowest value—1.12 mg g~ 1).
Table 3. Profiling of flavonoids and total phenolic content of the Tagetes patula flowers depending on
cultivar and substrate under white light (big letters) and profiling of flavonoids of the Tagetes patula
‘Petite Gold’ flowers depending on light colour and substrate (small letters) [ig-g~'FW].
Cultivar Light Colour Substrate TPC . . .
(A) (B) <, ) [mg GAE-g~1FW] Catechin Quercetin Rutin Sum
. . I 1.40 A 1.99 A 869.3 C 353 A 874.8 C
Petite Orange White il 155 A 285 A 180.1 A 380 A 1867 A
. I 1.32 A ab 233Aa 7889 Ca 11.83Bb 803.1Ca
WAL I 1.19 A ab 6.43Bb 4823Ba 32.78Cc 5215Ba
. . I 1.19 ab 5.18b 420.8 a 173 a 421.7 a
Petite Gold ~ White + blue il 1.35b 9.5 ¢ 4258a nd 4350a
. I 1.22 ab 2.87a 15748 c 7.73b 1585.4 c
White + red 1l L12a 5.36b 12015b 1.25a 12082 b
Petite Orange 148 A 241 A 5247 A 3.66 A 530.8 A
Mean for A Petite Gold 126 A 438B 635.6 B 2231B 6623 A
White 1.25a 4.38 a 635.6 a 2231b 662.3 a
Mean for B White + blue 127 a 722Db 4233 a 0.87a 4314 a
White + red 117 a 412 a 1388.2b 449 a 1396.8 b
I 1.36 A 216 A 829.1B 7.68 A 839.0 B
Mean for C 1l 137 A 464B 3312 A 1829 B 354.1 A
I 124 a 346a 928.2b 710 a 938.7b
Mean for c II 122a 7.02b 7032 a 11.34b 7216a

Means in columns followed by the same letters are not significantly different.

The flavonoid profile of the Tagetes patula flowers of the ‘Petite Orange” and ‘Petite
Gold’ cultivars grown on different substrates under W light included catechin, quercetin,
and rutin (Table 3). Similar results were obtained in the study conducted by Youssef
et al. [31]. Quantitative changes were observed in the flavonoid profile. While quercetin was
the dominant compound in all the combinations. The catechin content in the ‘Petite Gold”
plants growing in substrate I under W light increased significantly up to 6.43 pg- g=! FW.
The quercetin content in the plants of both cultivars growing in substrate I was significantly
higher (869.3 ug- g~! FW in ‘Petite Orange’ and 788.9 ug- g~! FW in ‘Petite Gold’) than in
the plants cultivated in substrate II. The rutin content was very diverse—it was higher in
the ‘Petite Gold’ plants. The highest rutin content was found in the flowers of the plants
cultivated in substrate II (32.78 pg- g~ ! FW). The total flavonoid content in the plants of
both cultivars growing in substrate I was significantly higher than in the plants growing
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in substrate II. The mean values of the content of each flavonoid showed that there were
no significant differences between the cultivars. The mean values of the catechin and rutin
content in the plants cultivated in substrate II were significantly higher, whereas the mean
content of quercetin and total flavonoids was higher in the plants cultivated in substrate I.

The flavonoid profile of the Tagetes patula ‘Petite Gold” plants showed that different
lighting conditions affected the content and synthesis of flavonoids (Table 3). The highest
catechin content was found in the plants growing under W + B light in substrate II, whereas
the lowest content was found in the plants growing under W and W + R lights in substrate
I. Earlier studies also showed that the addition of B light also increased the content of
phenolic acids and flavonoids. For example, the addition of B light to in-vitro cultures of
chokeberry shoots caused the content of individual phenolic acids and their total content
to increase several times [32]. The exposure of the flower stalk of Chinese kale to low
intensity B light (50 umol m~2 s~!) during storage also resulted in a significant increase in
the content of phenolic acids and flavonoids, as compared with dark storage [33].

Fu et al. [34] conducted a study on tobacco and observed that the content of methyl
flavonoid derivatives was positively correlated with the proportions of far red light (FR;
716-810 nm) and near infrared (NIR; 810-2200 nm) in the sunlight spectrum but negatively
correlated with the proportion of ultraviolet radiation (UV-A; 350400 nm) and the red to far
red ratio (R/FR). The content of flavonoid glycoside derivatives was positively correlated
with the UV-A proportion and R/FR ratio, and negatively correlated with FR and NIR.
These authors’ observations were confirmed in our research, where the plants cultivated
under W + R light in both substrates had a significantly higher content (even three times
greater) of quercetin (methyl derivative). Rutin (glycoside derivative) was not detected
under W + B light in substrate II, whereas the highest content was found in the plants
growing under W light in substrate II. It is likely that W light with a smaller amount of R
light had the least inhibitory effect on rutin synthesis. Light also affected the total content
of flavonoids, which was significantly greater (even three times) under W + R light. It was
related to the high share of methyl flavonoid derivatives in profiling. The quality of light
with higher shares of FR and NIR increases the activity of flavonoid methyltransferases,
but inhibits the activity of flavonoid glycosyltransferases. A high share of UV-A and a
high R/FR ratio may increase the activity of flavonoid glycosyltransferase, but it may also
inhibit the activity of flavonoid methyltransferase [34,35]. It is also important to note that
the influence of light quality on the production of flavonoids in plants is also species—and
even cultivar—dependent [36].

The profile of phenolic acids in both cultivars was highly diversified. It included
ten acids (Table 4). The ‘Petite Gold’ plants exposed to W light had a richer phenolic
acid profile than the ‘Petite Orange’ plants. 4-hydroxybenzoic acid (4-HBA), gallic, and
vanillic acids were identified in both cultivars and substrates. 2.5-dihydroxybenzoic acid
(2.5-DHBA), protocatechuic and syringic acids were detected only in the ‘Petite Gold’
plants. The sum of phenolic acids was higher in the ‘Petite Gold’ plants than in the ‘Petite
Orange’ plants. Additionally, in substrate II the sum of phenolic acids was higher than
in substrate I. The mean content of nearly all acids (excluding chlorogenic and vanillic
acids) was significantly higher in the ‘Petite Gold’ plants than in the ‘Petite Orange’ plants.
The light colour noticeably influenced the phenolic acid profile in the ‘Petite Gold” plants.
The plants exposed to W light and growing in substrate I had no caffeic or chlorogenic
acids, whereas those growing on substrate II did not contain trans-cinnamic or sinapic
acids. The plants exposed to W + B light and growing in substrate I had no chlorogenic or
protocatechuic acids, whereas the plants exposed to W + R light and growing in substrate
II did not contain caffeic, chlorogenic or sinapic acids. 2.5-DHBA was the dominant acid in
almost all combinations (except for W light and substrate I and W + R light and substrate I).
There were significant differences in the content of most acids between the plants exposed
to different light colours and cultivated in different substrates. However, there were no
significant changes in the content of sinapic and vanillic acids.
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Table 4. Profiling of phenolic acids of the Tagetes patula flowers depending on cultivar and substrate under white light (big letters) and profiling of flavonoids of the

Tagetes patula ‘Petite Gold’ flowers depending on light colour and substrate (small letters) [ug- g~ 'FW].

Cultivar

Light Colour

Substrate

Trans-

(A) b) C, 0 2.5-DHBA 4-HBA Caffeic Chlorogenic Cinnamic Gallic Protocatechuic  Sinapic Syringic Vanillic Sum

Petite White I nd 132 A nd 1.78 B nd 2.70 A nd nd nd 132 A 712 A
Orange II nd 1.62 A 1.17B 3.05C nd 4.06 B nd nd nd 5.07 B 14.96 B

, I 221Aa 124Aa nd nd 438Bb 6.93Cc 1.88Bc 1.71Bb 140Ba 433Ba 2410Ca

White il 29.35Bc 6.90Bb 454Cc 321Cc nd 3.88 Bab 1.59 B be nd 1.29Ba 432Ba 55.08 D ¢
Petite Gold (v I 28.90 ¢ 4.26 ab 2.57 be nd 17.83d 8.06 ¢ nd 2.57b 7.95¢ 84la 80.54 d
il 4448d 5.97 ab 1.96 ab 1.53b 4.04b 5.84 bc 1.25b 2.56b 8.20 ¢ 7.26 a 83.09 d
White + red I 2.71a 6.86 b 1.43 ab 398¢ 3.87b 7.40 ¢ 3.38d 1.66 b 496 b 541a 41.65b
Il 12.82b 147 a nd nd 11.96 ¢ 250a 2.16¢ nd 1.11a 445a 36.47b
Mean for A Petite Orange nd 147 A 0.58 A 241B nd 3.38 A nd nd nd 319 A 11.04 A
Petite Gold 15.80 B 4.07B 227B 1.61 A 2.19B 5.41B 1.74B 0.85B 135B 433 A 39.59 B
White 15.78 b 4.07 a 227a 1.61b 2.19a 5.41 ab 1.74b 0.85a 1.34a 432a 39.59 a
Mean forb ~ White + blue 36.69 ¢ 511a 226a 0.77 a 10.94 ¢ 6.95b 0.62a 2.56b 8.07b 7.84a 81.82b
White + red 7.76 a 417 a 0.71a 1.99b 791b 495a 2.77 ¢ 0.83a 3.04b 493 a 39.06 a
I 111 A 128 A nd 0.89 A 2.19B 482B 0.94 A 0.85B 0.70 A 282 A 15.61 A
Mean for C 1I 14.67 B 426B 2.85B 3.13B nd 397 A 0.79 A nd 0.65 A 470 A 35.02 B
I 1127 a 412a 1.33a 1.32a 8.69b 747b 1.76 a 1.98b 477b 6.05a 48.76 a
Mean for c 1I 28.88b 478 a 216a 1.58a 5.33a 407 a 1.67 a 0.85a 353a 5.35a 58.22 b

Means in columns followed by the same letters are not significantly different.
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The mean acid levels in each light combination showed differences in the content of
2.5-DHA, chlorogenic, trans-cinnamic, gallic, protocatechuic, sinapic, and syringic acids.
The mean levels of each compound in different substrates showed the high content of
trans-cinnamic, gallic, sinapic, and syringic acids in substrate I and 2.5-DHBA and total
phenolic acids in substrate II.

The analysis of the phenolic composition revealed the presence of flavonoids, phenolic
acids, both the derivatives of hydroxybenzoic and hydroxycinnamic acids. The content
ranged from 1.24 pg- g1 FW for 4-HBA to 1.574 pg.g~! FW for quercetin. The composition
of phenolic acids was very similar to the results of the study by Ayub et al. [37].

Significant differences were observed in the profile and content of organic acids in
the flowers of Tagetes patula ‘Petite Gold” exposed to different light spectra and grown on
different substrates (Table 5). Seven low-molecular weight organic acids were identified.
And their content depended on the cultivation conditions. The following acids were found
in the flowers of the plants exposed to W light and grown in substrate I: citric, malic,
malonic, and quinic. The plants grown in substrate II also contained acetic, fumaric, and
succinic acids. The flowers cut from the plants cultivated in substrate II had a much
higher total content of these acids, where citric, fumaric and malonic acids were the
dominant types.

Table 5. Profiling of organic acids of the Tagetes patula flowers depending on cultivar and substrate
under white light (big letters) and profiling of organic acids of the Tagetes patula ‘Petite Gold’ flowers
depending on light colour and substrate (small letters) [ug- g~ 'FW].

Cultivar Light Colour  Substrate Acetic Citric Fumaric Malic Malonic Succinic Quinic Sum
(A) (b) C, 0
Petite White I nd nd 0.84 A 3.63 AB 421 A nd 0.70 A 939 A
Orange | nd nd nd 3.16 AB 455 A 345B 2.70 B 1411 A
, I nd 5.97 B bc nd 485Ba  9.68Bc nd 124Aa  2174Ba
White i 091Bab 926Ccd 928Bb 265Aa 1065Bc 052Aab  123Ab  3451Cb
Petite Gold ) I 241 ab 391 ab nd 1242 b 4.89 ab 2.38 ab 2.63 ¢ 28.64 ab
White + blue 1 11.62c  320ab nd 1691c  878be 474b 0.98 ab 46.22 ¢
White + red I nd nd 0.37a 6.88a 11.55 ¢ 19.66 d 0.55a 39.02 be
I 3.15b 13.93d nd 398a 2.16a 9.63¢ 220 ¢ 35.06 b
Mean for A Petite Orange nd nd 0.42 A 340 A 438 A 1.73B 1.70 A 11.75 A
Petite Gold 0.45B 7.61B 464B 3.75 A 10.17 B 0.26 A 124 A 28.12 B
White 15.78 b 4.07a 464b 1.61b 219a 5.41 ab 1.74b 0.85a
Mean for b White + blue 36.69 ¢ 5.11a nd 0.77 a 10.94 ¢ 6.95b 0.62 a 2.56b
White + red 7.76 a 417a 0.18a 1.99b 791b 495a 2.77 ¢ 0.83a
I nd 2.99 A 042 A 424B 6.95 A nd 0.97 A 15.56 A
Mean for C I 0.45B 463 A 464B 291 A 7.60 A 1.99 B 197 B 2431B
I 11.27 a 412a 0.12a 132a 8.69b 747 b 176 a 1.98b
Mean for ¢ 1I 28.88b 478 a 3.09b 158 a 5.33a 407 a 1.67 a 0.85a

Means in columns followed by the same letters are not significantly different.

The total content of all acids identified in the Tagetes patula ‘Petite Gold’ plants exposed
to W + B light was significantly higher than in the plants exposed to W light, and the plants
growing in substrate I had a higher content of these acids compare to the plants growing
in substrate I. Acetic, malic, and malonic acids were the dominant types. The total content
of all acids identified in the flowers of the plants exposed to W + R light and cultivated in
both substrates was similar.

The flowers of the ‘Petite Gold’ cultivar had more organic acids than those of ‘Petite
Orange’ cultivar. The differences in the content of organic acids, which were also observed
in the flowers of other plants [38,39], indicate that the results may depend on the species
and cultivar as well as the type of substrate and lighting, as was the case in our experiment.
The analysis showed that the Tagetes patula flowers were a good and balanced source of
organic acids and phenolic compounds.
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3. Materials and Methods
3.1. Experimental Materials and Design

The experiment was conducted twice—in 2018 and 2019—on two French marigold
cultivars: ‘Petite Gold’ and ‘Petit Orange’, with yellow and orange flowers, respectively.

The plants were cultivated in growth chambers under LEDs. Before transplantation
into a permanent place the plants had been grown under W light only. Seeds were sown
into boxes, and after about four weeks the seedlings were pricked out. After another four
weeks the plants were planted in pots and placed in chambers with a diverse light spectrum,
where they grew for three months.

Afterwards they were exposed to different lighting—W light as well as W light en-
hanced with B or R light. The photosynthetic photon flux density (PPFD) from the top of
the plants amounted to about 170 pmol m~2s ! (+ 14 gp) for W light and additionally
60 umol m~2s~1 (+ 8 gp) for Band R lights. The PPFD for W + R and W + B light combi-
nations amounted to about 230 umol m~2 s~!. The daily light integral amounted to about
9.8 mol m 2 d ! for W light and to about 13.2 mol m 2 d ! for W + R and W + B lights.
The PPFD was measured with a PAR-10 quantum sensor (Sonopan, Bialystok, Poland). The
spectral distribution of light treatments was measured with a BLACK-Comet CXR UV-VIS
spectroradiometer (280-900 nm, StellarNet Inc., Tampa, FL, USA). The measurements were
taken 15 cm under the lamps approximately at the height of the plant tops. As the plants
grew, the lamps were gradually raised to a higher position. Table 6 shows the spectral
characteristics of the lamps. The temperature at the preliminary stage was 20 °C and during
the experiment it was 18 °C. The plants were watered when necessary.

Table 6. Characteristics of white light source.

Light Colour Wavelength PFD * % for % for % for
(nm) (umol m—2s~1) W Light W +R W+B
uv 320-380 0.5 0.3 0.2 0.2
Violet 380450 15.4 8.9 6.6 6.6
Blue 450495 30.3 17.6 13.0 38.9
Green 495-570 53.5 31.1 23.0 23.0
Gold 570-590 18.7 10.9 8.1 8.1
Orange 590-620 21.8 12.7 9.4 9.4
Red (R) 620-700 26.4 15.3 37.2 11.4
Far Red (FR) 700-780 5.6 3.3 2.4 2.4
sum 320-780 172.2 100 100 100
R:FR 47 - 15.5 -
* Photon flux density.

The vegetation experiments were conducted with peat moss, limed to a pH of 6.50 (in
H,0) on the basis of the neutralisation curve. The effects of increasing macroelement levels
(denoted as I, II) while maintaining a constant quantitative N:P:K ratio of 1.0:0.75:1.25 were
investigated. The content of nutrients was as follows: I: N 150, P 112, K 187 mg-dm’?’ B
N 200, P 150, K 250 mg'dm_3 . A standard content of microelements in the substrate was
used: Fe 50.0, Mn 10.0, Zn 10.0, Cu 2.0,B 0.5 mg-dm’?’. The plants were not fed during the
experiment.

Substrate samples were collected after completion of the vegetation experiments and
analysed chemically with the universal method [40]. Macronutrients (N-NH4, N-NO3, P, K,
Ca, Mg, 5-50;4), Cl and Na were extracted in 0.03 mCH3;COOH with a quantitative substrate
to an extraction solution ratio of 1:10. After the extraction the following measurement meth-
ods were applied: N-NH,, N-NO3;—microdistillation according to Bremer with Starck’s
modification; P—colorimetry with ammonium vanadomolybdate; K, Ca, Na—photometry;
Mg—atomic absorption spectrometry (ASA, on a Carl Zeiss-Jena apparatus, Thornwood,
NY, USA); S-504—nephelometry with BaCly; Cl—nephelometry with AgNOs. Micronu-
trients (Fe, Mn, Zn and Cu) were extracted with Lindsay’s solution containing 5 g EDTA
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(ethylenediaminetetraacetic acid) in 1 dm3; 9 cm? of 25% NHy solution, 4 g citric acid; 2 g
Ca(CH3COO),-2H,0. The content of micronutrients was measured with the ASA method.
Salinity was measured conductometrically as an electrolytic conductivity (EC in mS-cm™1),
whereas pH was measured with the potentiometric method (substrate:water = 1:2) [41].

3.2. Morphological Measurements

The first biometric measurements were conducted 30 days after starting the experi-
ment, while the next ones were made another 60 days later. The height and diameter of the
plants were measured and the inflorescences were counted.

3.3. Sample Preparation

Samples of flowers were collected for analysis about 60 days after the beginning of
the experiment under controlled conditions. Phenolic compounds and organic acids were
extracted from the homogenised flowers of the two cultivars with 80% ethanol. The samples
were sonicated at 40 °C for 20 min and then shaken for 12 h at room temperature. Then
they were centrifuged at 3000 rpm, evaporated to dryness and stored at —20 °C before
analyses.

3.4. Determination of Phenolic Compounds and Organic Acids

Phenolic compounds and organic acids were identified with an ultra-performance
liquid chromatography ACQUITY UPLC H-Class System (Waters Corporation, Milford,
MA, USA). An ACQUITY UPLC BEH C18 column (2.1 mm 9150 mm, 1.7 Im, Waters)
thermostated at 35 °C was used for separation. A mixture of water and acetonitrile (both
containing 0.1% formic acid, pH = 2) was used to elution at the flow rate of 0.4 mL- min~!
with the gradient elution was used. Peaks were identified by comparing the retention
times of chemical standards. A Waters Photodiode Array Detector (Waters Corporation,
Milford, MA, USA) was used for the detection of individual compounds at A = 280 nm and
A =320 nm.

3.5. Determination of Total Phenolic Content (TPC)

The flower extracts were mixed with the Folin-Ciocalteu reagent (diluted with deionised
water v:v (1:1). After 3 min 1 mL of 20% Nay,CO3; was added to the mixtures. Then the sam-
ples were kept in darkness for 30 min at room temperature. The absorbance of the samples
was measured with a UV spectrophotometer (Carry 300 Bio UV-VisibleSpectrophotometer
(Varian, Agilent, Santa Clara, CA, USA) at 765 nm. Gallic acid was used as the standard
for TPC quantification. The TPC concentration was expressed as milligrams of gallic acid
equivalents per fresh weight (mg GAE- g~ 'FW).

3.6. Statistical Analysis

The following factors were analysed in the experiment: the cultivar, the light spectrum
(W, W + B, W + R), and the substrate composition or the cultivar and the substrate compo-
sition. There were four replicates in each experimental combination and 15 plants in each
replicate. The content of phenolic compounds was measured twice and the results were
subjected to a three-way analysis of variance. The means were grouped with the Duncan
test at a significance level a = 0.05. The results presented in the manuscript are the mean
values of the duplicate experiments. The data were analysed statistically with the Statistica
program (StatSoft, Krakow, Poland).

4. Conclusions

The research showed that the flowers of Tagetes patula ‘Petite Gold” contained more
phenolic acids, flavonoids, and organic acids than the ‘Petite Orange’ flowers.

The artificial lighting of the plants during cultivation had a diversified effect on the
content of organic compounds in the plants” flowers. The measurements of the morpholog-
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ical traits of the plants and the number of their inflorescences indicate that the illumination
with R light was justified.

The plants cultivated in the substrate with a lower content of nutrients were larger
and had numerous inflorescences. However, the plants cultivated in the substrate with a
higher content of nutrients had a higher content of phenolic acids in their flowers.

Author Contributions: Conceptualization, A.K., B.E, M.G., ZM. and T.K; methodology, A.K., B.F,,
M.G., ZM. and TK,; validation, A.K., B.F., M.G., ZM. and T.K,; formal analysis, A.K.; investigation,
AKX, BF, M.G,, ZM. and TK,; resources, A K., B.F, M.G., ZM. and T.K.; writing—original draft
preparation, AK,, B.F, M.G., ZM. and TK.; writing—review and editing, A K., B.F,, M.G., Z.M. and
TK.; visualization, A.K.; supervision, A.K., B.E, M.G., ZM. and T.K. All authors have read and agreed
to the published version of the manuscript.

Funding: Publication was co-financed within the framework of the Polish Ministry of Science
and Higher Education’s program: “Regional Initiative Excellence” in the years 2019-2022 (No.
005/RID/2018/19) , financing amount 12 000 00 PLN.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.
Acknowledgments: We thank Dariusz Swierk for his support.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

Sample Availability: Samples of the compounds are not available from the authors.

References

1.  Meléndez-Martinez, A.].; Benitez, A.; Corell, M.; Hernanz, D.; Mapelli-Brahm, P,; Stinco, C.; Coyago-Cruz, E. Screening for
innovative sources of carotenoids and phenolic antioxidants among flowers. Foods 2021, 10, 2625. [CrossRef] [PubMed]

2. Zheng, ].; Meenu, M.; Xu, B. A systematic investigation on free phenolic acids and flavonoids profiles of commonly consumed
edible flowers in China. J. Pharm. Biomed. Anal. 2019, 172, 268-277. [CrossRef]

3. Vuolo, M.M,; Lima, V.S.; Maréstica, M.R., Jr. Phenolic compounds: Structure, classification, and antioxidant power. In Bioactive
Compounds, Health Benefits and Potential Applications; Campos, M.R.S., Ed.; Elsevier: Sawston, UK; Cambridge, MA, USA, 2019;
pp- 33-50.

4. Lim, T.K. Tagetes patula. In Edible Medicinal and Non Medicinal Plants: Volume 7. Flowers; Lim, T.K., Ed.; Springer: Dordrecht,
The Netherlands, 2014; pp. 456—468.

5. Zambrano, VM.L,; Rivadeneira, A.A.D.; Nevarez, ].G.C.; Rodriguez-Diaz, ]. M. Phytochemical characterization, antioxidant and
antibacterial activity of essential oil and extracts of Tagetes patula on Staphylococcus aureus. Rev. Fac. Agron. (LUZ) 2020, 37,
347-367. [CrossRef]

6.  Chitrakar, B.; Zhang, M.; Bhandari, B. Edible flowers with the common name “marigold”: Their therapeutic values and processing.
Trends Food Sci. Technol. 2019, 89, 76-87. [CrossRef]

7. Egebjerg, M.M.; Olesen, P.T.; Eriksen, F.D.; Ravn-Haren, G.; Bredsdorff, L.; Pilegaard, K. Are wild and cultivated flowers served in
restaurants or sold by local producers in Denmark safe for the consumer? Food Chem. Toxicol. 2018, 120, 129-142. [CrossRef]
[PubMed]

8.  Kopsell, D.A.; Sams, C.E. Increases in shoot tissue pigments, glucosinolates, and mineral elements in sprouting broccoli after
exposure to short-duration blue light from light emitting diodes. J. Am. Soc. Hortic. Sci. 2013, 138, 31-37. [CrossRef]

9.  Carvalho, S.D.; Folta, K.M. Sequential light programs shape kale (Brassica napus) sprout appearance and alter metabolic and
nutrient content. Hortic. Res. 2014, 1, 8. [CrossRef] [PubMed]

10. Fraszczak, B. The effect of different doses of blue light on the biometric traits and photosynthesis of dill plants. Not. Bot. Horti
Agrobot. Cluj Napoca 2016, 44, 34-40. [CrossRef]

11. Bian, Z.H.; Yang, Q.C.; Liu, WK. Effects of light quality on the accumulation of phytochemicals in vegetables produced in
controlled environments: A review. J. Sci. Food Agric. 2015, 95, 869-877. [CrossRef]

12. Son, K.-H.; Oh, M.-M. Leaf shape, growth, and antioxidant phenolic compounds of two lettuce cultivars grown under various
combinations of blue and red light-emitting diodes. Hortic. Sci. 2013, 48, 988-995. [CrossRef]

13.  Kopsell, D.A.; Sams, C.E.; Morrow, R.C. Blue wavelengths from LED lighting increase nutritionally important metabolites in

specialty crops. Hortic. Sci. 2015, 50, 1285-1288. [CrossRef]


http://doi.org/10.3390/foods10112625
http://www.ncbi.nlm.nih.gov/pubmed/34828906
http://doi.org/10.1016/j.jpba.2019.05.007
http://doi.org/10.47280/RevFacAgron(LUZ).v37.n4.02
http://doi.org/10.1016/j.tifs.2019.05.008
http://doi.org/10.1016/j.fct.2018.07.007
http://www.ncbi.nlm.nih.gov/pubmed/29981787
http://doi.org/10.21273/JASHS.138.1.31
http://doi.org/10.1038/hortres.2014.8
http://www.ncbi.nlm.nih.gov/pubmed/26504531
http://doi.org/10.15835/nbha44110212
http://doi.org/10.1002/jsfa.6789
http://doi.org/10.21273/HORTSCI.48.8.988
http://doi.org/10.21273/HORTSCI.50.9.1285

Molecules 2022, 27, 527 12 of 13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hasan, M.M.; Bashir, T.; Ghosh, R.; Lee, S.K; Bae, H. An Overview of LEDs’ effects on the production of bioactive compounds
and crop quality. Molecules 2017, 22, 1420. [CrossRef] [PubMed]

Gam, D.T.; Khoi, PH.; Ngoc, P.B,; Linh, L.K.; Hung, N.K.; Anh, PT.L.; Thu, N.T.; Hien, N.T.T.; Khanh, T.D.; Ha, C.H. LED Lights
promote growth and flavonoid accumulation of Anoectochilus roxburghii and are linked to the enhanced expression of several
related genes. Plants 2020, 9, 1344. [CrossRef] [PubMed]

Japundzi¢-Palenki¢, B.; Jagodar, K.; Romanjek Fajdeti¢, N.; BoZi¢-Ostoji¢, L. Effect of Growing Media on Tagetes patula Nana Plants
Quality, Proceedings of the 9th International Scientific and Expert Conference, TEAM 2018, Novi Sad, Serbia, 10-12 October 2018; Lali¢, B.,
Ed.; University of Novi Sad: Novi Sad, Serbia, 2018; pp. 314-320.

Moccaldi, L.E.; Runkle, E.S. Modeling the effects of temperature and photosynthetic daily light integral on growth and flowering
of Salvia splendens and Tagetes patula. ]. Am. Soc. Hort. Sci. 2007, 132, 283-288. [CrossRef]

Krol, B. Yield and the chemical composition of flower heads of pot marigold (Calendula officinalis L. cv. Orange King) depending
on nitrogen fertilization. Acta Sci. Pol. Hortorum Cultus 2011, 10, 235-243.

Zhang, M.; Park, Y.; Runkle, E.S. Regulation of extension growth and flowering of seedlings by blue radiation and the red to
far-red ratio of sole-source lighting. Sci. Hortic. 2020, 272, 109478. [CrossRef]

Wollaeger, HM.; Runkle, E.S. Growth and acclimation of impatiens, salvia, petunia, and tomato seedlings to blue and red light.
Hort. Sci. 2015, 50, 522-529. [CrossRef]

Snowden, M.C.; Cope, K.R.; Bugbee, B. Sensitivity of seven diverse species to blue and green light: Interactions with photon flux.
PLoS ONE 2016, 11, e0163121. [CrossRef]

Fraszczak, B.; Kula-Maximenko, M. The preferences of different cultivars of lettuce seedlings (Lactuca sativa L.) for the spectral
composition of light. Agronomy 2021, 11, 1211. [CrossRef]

Banerjee, R.; Batschauer, A. Plant blue-light receptors. Planta 2005, 20, 498-502. [CrossRef]

Schwend, T.; Prucker, D.; Mempel, H. Red light promotes compact growth of sunflowers. Eur. J. Hortic. Sci. 2015, 80, 56-61.
[CrossRef]

Nissim-Levi, A.; Kitron, M.; Nishri, Y.; Ovadia, R.; Forer, I.; Oren-Shamir, M. Effects of blue and red LED lights on growth and
flowering of Chrysanthemum morifolium. Sci. Hortic. 2019, 254, 77-83. [CrossRef]

Bergstrand, K.-J.; Asp, H.; Schiissler, H.K. Development and acclimatisation of horticultural plants subjected to narrow-band
lighting. Europ. ]. Hort. Sci. 2014, 72, 45-51.

Aliniaeifard, S.; Seif, M.; Arab, M.; Zare Mehrjerdi, M.; Li, T.; Lastochkina, O. Growth and photosynthetic performance of
Calendula officinalis under monochromatic red light. Int. J. Hortic. Sci. Technol. 2018, 5, 123-132. [CrossRef]

Sabzalian, M.R.; Heydarizadeh, P.; Zahedi, M.; Boroomand, A.; Agharokh, M.; Sahba, M.; Schoefs, B. High performance of
vegetables, flowers, and medicinal plants in a red-blue LED incubator for indoor plant production. Agron. Sustain. Dev. 2014, 34,
879-886. [CrossRef]

Fraszczak, B.; Janowska, B.; Swierk, D. The morphological” responses of Calendula officinalis L. ‘Radio’ to the foliar application of
benzyladenine and different light spectra. Agronomy 2021, 11, 460. [CrossRef]

Park, Y.; Runkle, E.S. Blue radiation attenuates the effects of the red to far-red ratio on extension growth but not on flowering.
Environ. Exp. Bot. 2019, 168, 103871. [CrossRef]

Youssef, H.; Ali, S.; Sanad, M.; Dawood, D. Chemical investigation of flavonoid, phenolic acids composition and antioxidant
activity of Tagetes erecta flowers. Egypt. J. Chem. 2020, 63, 2605-2615. [CrossRef]

Szopa, A.; Starzec, A.; Ekiert, H. The importance of monochromatic lights in the production of phenolic acids and flavonoids in
shoot cultures of Aronia melanocarpa, Aronia arbutifolia and Aronia x prunifolia. . Photochem. Photobiol. B Biol. 2018, 179, 91-97.
[CrossRef]

Jiang, H.; Li, X; Tian, J.; Liu, H. Pre-harvest supplemental blue light enhanced antioxidant activity of flower stalk in chinese kale
during storage. Plants 2021, 10, 1177. [CrossRef]

Fu, B; Ji, X.; Zhao, M.; He, F,; Wang, X.; Wang, Y.; Liu, P; Niu, L. The influence of light quality on the accumulation of flavonoids
in tobacco (Nicotiana tabacum L.) leaves. |. Photochem. Photobiol. B Biol. 2016, 162, 544-549. [CrossRef] [PubMed]

Ravaglia, J.D.; Espley, R.V.; Henry-Kirk, R.A.; Andreotti, C.; Ziosi, V.; Hellens, R.P.; Costa, G.; Allan, A.C. Transcriptional
regulation of flavonoid biosynthesis in nectarine (Prunus persica) by a set of R2R3 MYB transcription factors. BMC Plant Biol. 2013,
13, 68. [CrossRef] [PubMed]

Sergejeva, D.; Alsina, I.; Duma, M.; Dubova, L.; Augspole, I; Erdberga, I.; Berzina, K. Evaluation of different lighting sources on
the growth and chemical composition of lettuce. Agron. Res. 2018, 16, 892-899. [CrossRef]

Ayub, M.A.; Hussain, A.L; Hanif, M.A.; Chatha, A.A.S.; Kamal, G.M.; Shahid, M.; Janneh, O. Variation in phenolic profile,
-carotene and flavonoid contents, biological activities of two Tagetes species from Pakistani flora. Chem. Biodivers. 2017, 14,
€1600463. [CrossRef] [PubMed]

Loépez-Bucio, ].; Nieto-Jacobo, M.F.; Ramirez-Rodriguez, V.; Herrera-Estrella, L. Organic acid metabolism in plants: From adaptive
physiology to transgenic varieties for cultivation in extreme soils. Plant Sci. 2000, 160, 1-13. [CrossRef]

Pires, T.C.; Dias, M.I.; Barros, L.; Ferreira, I.C. Nutritional and chemical characterization of edible petals and corresponding
infusions: Valorization as new food ingredients. Food Chem. 2017, 220, 337-343. [CrossRef]


http://doi.org/10.3390/molecules22091420
http://www.ncbi.nlm.nih.gov/pubmed/28846620
http://doi.org/10.3390/plants9101344
http://www.ncbi.nlm.nih.gov/pubmed/33053736
http://doi.org/10.21273/JASHS.132.3.283
http://doi.org/10.1016/j.scienta.2020.109478
http://doi.org/10.21273/HORTSCI.50.4.522
http://doi.org/10.1371/journal.pone.0163121
http://doi.org/10.3390/agronomy11061211
http://doi.org/10.1007/s00425-004-1418-z
http://doi.org/10.17660/eJHS.2015/80.2.2
http://doi.org/10.1016/j.scienta.2019.04.080
http://doi.org/10.22059/IJHST.2018.261042.248
http://doi.org/10.1007/s13593-014-0209-6
http://doi.org/10.3390/agronomy11030460
http://doi.org/10.1016/j.envexpbot.2019.103871
http://doi.org/10.21608/ejchem.2019.19839.2197
http://doi.org/10.1016/j.jphotobiol.2018.01.005
http://doi.org/10.3390/plants10061177
http://doi.org/10.1016/j.jphotobiol.2016.07.016
http://www.ncbi.nlm.nih.gov/pubmed/27474785
http://doi.org/10.1186/1471-2229-13-68
http://www.ncbi.nlm.nih.gov/pubmed/23617716
http://doi.org/10.15159/ar.18.133
http://doi.org/10.1002/cbdv.201600463
http://www.ncbi.nlm.nih.gov/pubmed/28299905
http://doi.org/10.1016/S0168-9452(00)00347-2
http://doi.org/10.1016/j.foodchem.2016.10.026

Molecules 2022, 27, 527 13 of 13

40. Nowosielski, O. Methods for Determining the Need for Fertilization, 2nd ed.; Paristwowe Wydawnictwo Rolnicze i Lesne: Warszawa,
Poland, 1974.

41. Czerniawska, W.; Strahl, A. Metody Bada#i Laboratoryjnych w Stacjach Chemiczno-Rolniczych: Badania Gleb, Ziem i Podfozy Spod
Warzyw i Kwiatow Oraz Czesci WskazZnikowych Roslin w Celach Diagnostycznych (Methods of Laboratory Tests in Chemical-Agricultural
Stations: Research of Soils, Soil and Substrates under Vegetables and Flowers as well as Indicator Parts of Plants for Diagnostic Purposes);
Institute of Soil Science and Plant Cultivation: Putawy, Poland, 1983.



	Introduction 
	Results and Discussion 
	Materials and Methods 
	Experimental Materials and Design 
	Morphological Measurements 
	Sample Preparation 
	Determination of Phenolic Compounds and Organic Acids 
	Determination of Total Phenolic Content (TPC) 
	Statistical Analysis 

	Conclusions 
	References

