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ARTICLE INFO ABSTRACT

Keywords: An experiment was conducted to evaluate the phenolic acids and flavonoids contents from flower bud to flower
Chiconic acid senescence stages (7 stages) in cut H30 roses every other day. Some phenolic acids (Gallic, Caffeic, Caftaric,
Cyanidin Chlorogenic, Chiconic, Coumaric, Sinapic, and Ferulic) and flavonoids (Catechin, Pelargonidin chloride,
E;I;Sgonidin Cyanidin, Kaempferol, and Quercetin) were detected in the methanolic extract of rose petals by HPLC. Data

analysis revealed that Gallic acid content did not significantly (P < 0.05) affects from the flower bud to the
senescence stages. However, it’s found that Caftaric acid, Chlorogenic acid, Coumaric acid, Ferulic acid, Chiconic
acid, Quercetin, and Kaempferol (at P < 0.05), Catechin, Caffeic acid, Sinapic acid, Cyanidin, and Pelargonidin
chloride contents (at P < 0.01) significantly affected during flower opening stages. The highest contents of
phenolics during development of cut H30 rose flowers were as follow: day 1 [Coumaric acid], day 3 [Caftaric
acid, Ferulic acid, and Kaempferol], day 5 [no compound was found], day 7 [Sinapic acid and Cyanidin], day 9
[Chlorogenic acid], day 11 [Chiconic acid and Quercetin], and day 13 [Caffeic acid, Catechin, and Pelargonidin
chloride]. The results showed that flower development stages can be suggested to consider the phenolic com-

Secondary metabolites

pounds required to use in the therapeutic process.

1. Introduction

Reactive oxygen species (ROSs) such as singlet oxygen, peroxide
radical, peroxyl, nitric oxide, and peroxynitrite are important factors
affecting normal cellular functioning and thereby, induce cellular da-
mage and cause human diseases (e.g. Cancer, inflammatory disorders,
cardiovascular diseases, etc.) (Abdel-Hameed et al., 2012; Oyenihi and
Smith, 2018). Some polyphenols, such as flavonoids and phenolic acids,
are a group of phytochemicals with potent antioxidant properties vir-
tues, may play a key role in reducing the risk of diseases via preventing
oxidative damages (Kaisoon et al., 2011).

Rose (Rosa hybrida L.) From Rosaceae family, known as ‘the queen
of flowers’ (Mohy, 2011; Chamani and Wagstaff, 2018) is the corner-
stone of commercial floriculture due to its high demand all over the
globe. In particular, some researchers reported that rose petals are a
source of polyphenols such as flavonoids, phenolic acids, and tannin
with anti-proliferative activity (Daglia, 2012; Rusanov et al., 2014), and
have the potential to add to the human diet (dos Santos et al., 2018).

In previous studies, HPLC/MS analysis detected 6 anthocyanins, 4
flavanols, 4 phenolic acids, and 31 flavonols in rose petals (Schmitzer
et al., 2019). Elmastas et al. (2017) reported that the content of phe-
nolic compounds and flavonoids in some rose flowers changed during
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different times of harvesting. Flower opening happens variously in
different plants and is generally controlled via a range of Physio-mor-
phological and biochemical reactions such as cell expansion, hormonal
regulation, solute accumulation, and apoplast sugar uptake (van Doorn
and van Meeteren, 2003; van Doorn et al., 2013; van Doorn and
Kamdee, 2014). These modifications might change the production of
primary and secondary metabolites within tissues. Metabolic profiles in
tea flowers and leaves were modified during flower development (Jia
et al.,, 2016). In Rosa damascena, phenolic contents changed during
flower development (Rasouli et al., 2018). Polyphenols contents
changed in Rosa damascena ‘Himroz’ and Rosa bourboniana (Sood and
Nagar, 2003), and Helleborus niger (Schmitzer et al., 2013). Oleuropein
content, as the most important and abundant phenolic compound in
olive trees, changed during flower development (Malik and Bradford,
2006). Further, the content and composition of phenolics were changed
during flower development in Origanum majorana (Sellami et al., 2009).
Pelargonidin, cyanidin, quercetin, catechin, gallic acid, protocatechuic
acid, chlorogenic acid, caffeic acid, and p-coumaric acid was detected in
flower extract of rose ‘KORcrisett’ (Schmitzer et al., 2009). Schmitzer
et al. (2010) reported that quercetin and anthocyanin contents in-
creased as flower open developed up to fully open flower in ground-
cover rose and then reduced in the senescent stage. Modifications in
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phenolics content and composition during flower development stages,
could be due to gene expression changes (Wang et al., 2018),carbohy-
drates level (Yamada et al., 2007), change in cell membrane stability
(Faragher et al., 1987), food remobilization, and total protein (Kumar
et al., 2008). Efforts have been made to increase polyphenols quantity
in order to use in the human diet (Mrad et al., 2012; Chamorro et al.,
2012; Vallverdi-Queralt et al., 2013; Do et al., 2014), therefore se-
lecting the best stage of flowering for polyphenol extraction is very
important as a strategy for obtaining the highest polyphenols content.
Although the phenolic content was studied in rose ‘KORcrisett’
(Schmitzer et al., 2009) and groundcover rose (Schmitzer et al., 2010),
however, only four developmental stages, including flower bud, par-
tially open flower, full open flower, and flower senescent were studied
and changes in metabolic pattern over a time lapse from bud stage to
senescent did not study. Here we have attempted to study the metabolic
changes in cut H30 rose flowers with a two-day interval to profile the
phenolic content in order to obtain the highest content of pre-specified
compound at the correct time, in order to use in medicine, cosmetics,
and/or human diet.

2. Material and methods

Cut H3O0 rose flowers were obtained from MM Flower Factory in
Cambridge, UK (at the stage of petal starting to reflex), transferred to
the laboratory (Reading University, UK), and held at 4 °C. Afterward,
flowers placed in the bucket containing 10 ppm chlorine and trans-
ferred to the Phytotrons (The phytotrons condition was 22 + 2°C, 60%
RH, 10pmol. M~ 2§ irradiance with a 12h photoperiod) and phe-
nolics pattern was studied during flower open stages. Methanolic ex-
tract of cut H30O rose petals were prepared from flower bud to flower
senescence stages (7 stages as shown in Fig. 1) every other day (day
1:D1, day2: D2,....and day 13:D13) with four replications, including
four flowers at each repetition. The prepared extracts were injected into
the HPLC and the phenolics pattern of cut H30 rose flowers were de-
termined.

The standard solution of polyphenols including Gallic acid,
Catechin, Kaempferol, Quercetin, Pelargonidin chloride, Cyanidin,
Chlorogenic acid, Caffeic acid, Caftaric acid, Chiconic acid, Coumaric
acid, Sinapic acid, and Ferulic acid was prepared (0.25 mg L~ 1). Freeze-
dried flowers were ground by using fine powder and liquid nitrogen. A
sample of 500 mg was extracted with 2 mL methanol containing 3% (v/
v) formic acid (HCOOH) and 1% (w/v) 2, 6-di-tert-butyl-4-ethylphenol
(BHT) in an ultrasonic bath for 1h. The treated samples were cen-
trifuged for 7min at 12,000 rpm. The chromafil AO-20/25 filter
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(Macherey-Nagel Diiren, Germany) was used to filter the supernatant
and transferred to a vial prior to injection into the HPLC. The samples
were analyzed using an HPLC system (Agilent 1100, USA) with a diode
array detector at 254, 280, and 520 nm according to absorption maxima
of analyzing compounds. A Nova pack C18 (250%4.6; 4 mm) HPLC
column at 25 °C was used. The injection volume was regulated as 20 pL
and the flow rate was 1 mLmin ™. The elution solvents were aqueous
1% formic acid (A) and acetonitrile (B). The samples were eluted ac-
cording to the linear gradient described by Marks et al. (2007).

The mobile phase involved 1% aq. Solvent A (Acetic acid) solution
and Solvent B (acetonitrile). The gradient elution was modified from
10% to 40% B for the duration of 28 min, from 40% to 60% B in 39 min,
from 60% to 90 % B in 50 min. The mobile phase composition back to
the initial condition (solvent B: solvent A: 10: 90) in 55min and al-
lowed to run for another 10 min, before the injection of another sample.

3. Data analysis

Data analyzed by SAS V9.2 software. Mean comparisons done using
Duncan’s multiple test range at 1 and 5% levels.

4. Results and discussion
4.1. Phenolic acids

Flower development in cut H30 roses was studied during a period of
time from flower bud to flower senescence at 7 stages (every other day)
and chromatograms were obtained using HPLC (Fig. 2). The result
showed that Gallic acid content did not significantly (P < 0.05) affect
from the flower bud to the senescence stages. However, the highest
content of Gallic acid was produced in D7 (6.85 + 0.45 a) followed by
D9 (5.99 = 0.3 a: Fig. 3A). Caftaric acid content was increased from
D1 (15.19 + 0.54 e) to D7, where the highest content of Caftaric acid
was produced (43.88 + 1.2 a) (Fig. 3B). Caffeic acid content was re-
duced as flower open developed and reached the lowest content at full
open flower stage, then start to increase. However, the highest level of
Caffeic acid produced in senescent flowers (Fig. 3B). Chlorogenic acid
content was increased from D1 to-day D9 and then start to decrease
(Fig. 3C). The Chiconic acid content was start to reduce as flower open
developed and the lowest content produced at D11, then slightly in-
creased during senescence (Fig. 3C).

Changes in Coumaric acid content showed a sinus curve, where the
highest content was produced in flower bud stage (Table 1;39.9 + 0.4
a) and then reduced as flower open developed.

Fig. 1. Cut H30 rose flower development stages from flower bud to senescence with two-day intervals from day 1 to day 13.
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Fig. 2. Chromatography of phenolics in cut H30 rose flowers during flower open development. (A: day 1, B: day 3, C: day 5, D: day 7, E: day 9, F: day 11, and G: day

13).

Ferulic acid content as a phenolic phytochemical found in plant cell
wall was changed from flower bud stage to senescence in cut H30 rose
flowers. The highest content of Ferulic acid was produced during D5
stage and in D13 the lowest content was produced (Table 1). Cut H30
rose flowers produced the highest content of Sinapic acid in D13
(148.3 = 5.4 a) and the lowest content in day 1 (38.0 + 3.6 e)
(Table 1).

4.2. Flavonoids

Catechin content was start to increase from D1 to D7, where the

highest content was produced (171.9 *= 3.1 a), and then was reduced
(Table 1). The highest content of Pelargonidin chloride was produced in
day 7 (9.7 = 0.43 a) followed by day 5 (8.92 = 0.4 b) (Fig. 3A).

The highest content of Cyanidin was produced in D11 (177.2 *= 2.8
a), followed by D9 (172.9 *= 4.9 a) and the lowest content was in day 1
(Table 1). The content of Quercetin and kaempferol were low in cut
H30 reses during flower development. The highest content of Quercetin
was produced in D11 after cutting (41.6 = 2.1 a; Fig. 4). During D5,
the highest content of Kaempferol was produced (7.8 + 1.1 a) and
Kaempferol did not detect in cut H30 rose petals extract after day 5 and
in flower bud (Fig. 4).
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Fig. 3. Some phenolic acids and flavonoids content (A, B, and C) in cut H30 roses during flower open development.
Different letters in each row indicate significant differences determined using a Duncan’s multiple range test (P < 0.01). Error bars = SE (n = 4).

Versatile health benefits of phenolic compounds have led the re-
searchers to focus on the study of their products in different plants.
Phenolic compounds importance encompasses our life from health,
beauty, and dietary supplements to cosmetic (Yanez et al., 2013). Re-
cognizing the best stage of plant growth and/or flowering in order to
extract the highest quantity of phenolics in plants could be one of the
most effective ways to obtain a higher volume of these compounds. In
Ziziphora clinopodioides, total phenolic contents varied between
9.91-12.80mgg~' in different developmental stages (Tian et al.,
2011). Further, the UPLC-MS/MS analysis method revealed that the
flavonoids content were varied in a different part of Abelmoschus
manihot (Pan et al., 2017). Jia et al. (2016) reported that the content of
flavonoids was changed during flower development in Camellia sinensis.
The difference in the level of phenolics during flower open stages have
been previously reported in olive cultivars (Malik and Bradford, 2006;
Taamalli et al., 2013), rose ‘KORcrisett’ (Schmitzer et al., 2009),

Table 1
Phenolics content in cut H30 roses during flower open development.

groundcover rose (Schmitzer et al., 2010), Helleborus niger (Christmas
rose) (Schmitzer et al., 2013).

Here, phenolic acids content (Gallic, Caffeic, Caftaric, Chlorogenic,
Chiconic, Sinapic, Ferulic, and Coumaric) and flavonoids (Catechin,
Cyanidin, Pelargonidin chloride, Quercetin, and Kaempferol) were
significantly changed during flower open stages. The content of
Cyanidin was the highest at full open flower stages (D7, D9, and D11),
while the highest content of Pelargonidin chloride was produced at D7
and then declined. Cyanidin and Pelargonidin were two anthocyanins
made up in ‘Jaguar’ rose flowers (Dela et al., 2003) and hybrid tea rose
petals (Barnes and Schug, 2011). The flavonoid 3’-hydroxylase enzyme
(F3’H) determines the shift from Cyanidin to Pelargonidin synthase in
anthocyanin pathway (Tanaka and Brugliera, 2013). Change in F3’'H
enzyme activity level, may be the reason for petal color change in ‘H30’
rose flowers during flower open development. All detected phenolics
showed the variable patterns during flower open. The content of

-1

Hg.- g

Flower open stage Catechin Cyanidin Coumaric acid Ferulic acid Sinapic acid

Day 1 13957 + 3.2 b’ 459 = 21¢c 253 = 0.4 a 55.4 = 4.1 ab 49.6 + 3.6 b
Day 3 85.8 + 2.4b 50.6 + 3.6 ¢ 7.6 = 0.1 b 79.6 = 4.6 a 133.2 + 45a
Day 5 147 = 0.7 ¢ 1115 = 47b 20.1 = 0.1a 72.2 + 3.8a 452 + 1.8b
Day 7 1342 = 3.1b 1721 = 5.1 a 20.9 = 0.4 a 27.4 = 21b 1649 = 2.0a
Day 9 1243 + 29b 159.7 + 49a 18.0 = 1.3 ab 57.3 + 1.5 ab 120.3 + 4.7 a
Day 11 121.6 = 25b 46.6 + 2.8 ¢ 16.4 = 0.8 ab 206 =+ 1.6 b 157.4 = 5.1 a
Day 13 2509 *+ 41a 128.1 = 4.1b 7.6 = 0.8b 59.4 = 1.8 ab 129.6 = 54 a

T Different letters in each row indicate significant differences determined using Duncan's multiple range test (P < 0.01).

" Mean + SE, n = 4.
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Different letters indicate significant differences determined using Duncan's
multiple test range (p < 0.05).

Error bars = SE (n = 4).

Quercetin was increased and reached the highest level at D11, before
senescing (Table 1) which is consistent with the report of Schmitzer
et al. (2010) on groundcover rose.

The differences among phenolic contents in various plants and
during different flower development stages could be due to crosslinking
among polyphenols and carbohydrates, lipids, and proteins (Kennedy
et al., 2000; Jakobek, 2015), changes in petals water content, different
enzymes activity during flower open stages, especially phenylalanine
ammonia-lyase (PAL), chalcone synthase (CHS), chalcone isomerase
(CHI), and flavonol synthase (FLS), petal sap cell pH, minerals profile,
and different genes expression (Schmitzer et al., 2009; Burin et al.,
2010; Schmitzer et al., 2013; Jia et al., 2016; Lucini et al., 2016; Kanani
and Nazarideljou, 2017), and cell membrane stability (Faragher et al.,
1987). Our results indicated that based on phenolic compound quantity
during flower opening stages, and required to use in the therapeutic
process, food additive and/or beauty and cosmetics, using of flowers at
different opening stages can be an effective strategy.

5. Conclusion

Cut H30 roses produced different phenolic patterns during flower
open after cutting with a two-day intervals study. Gallic acid, Caffeic
acid, Caftaric acid, Chlorogenic acid, Chiconic acid, Sinapic acid,
Ferulic acid, Coumaric acid, Catechin, Cyanidin, Pelargonidin chloride,
Quercetin, and Kaempferol were the main phenolic compounds de-
tected in methanolic extract of cut H30 roses. The content of phenolics
significantly (P < 0.05) affected during flower open stages. The highest
content of Chiconic acid (10.7 = 0.4 a) and Coumaric acid
(39.9 + 0.4 a) were produced in bud stage, where Pelargonidin
chloride (3.92 = 0.3 e), Coumaric acid (8.1 * 0.8 f), and Ferulic acid
(16.6 + 1.8 e) were produced in senescent flowers. Range on physio-
chemical parameters as well as genetic background can change during
flower open. These changes have affected phenolics content in cut H30
rose petals. Results indicated that, according to the needed phenolic
compound, extraction at specified time of flower open development can
be proposed.

Funding

This work is funded by MM Flower Company and University of
Reading, UK.

CRediT authorship contribution statement
Esmaeil Chamani: Investigation, Formal analysis. Carol Wagstaff:

Methodology, Project administration. Mehran Kanani: Data curation,
Writing - original draft.

Scientia Horticulturae 271 (2020) 109460

Declaration of Competing Interest

No potential conflict of interest was reported by the authors.
References

Abdel-Hameed, E.S.S., Bazaid, S.A., Shohayeb, M.M., 2012. Total phenolics and anti-
oxidant activity of defatted fresh Taif rose, Saudi Arabia. Br. J. Pharm. Res. 2, 129.

Barnes, J.S., Schug, K.A., 2011. Structural characterization of cyanidin-3, 5-diglucoside
and pelargonidin-3, 5-diglucoside anthocyanins: multi-dimensional fragmentation
pathways using high performance liquid chromatography-electrospray ionization-ion
trap-time of flight mass spectrometry. Int. J. Mass Spectrom. 308, 71-80.

Burin, V.M., Falcao, L.D., Chaves, E.S., Gris, E.F., Preti, L.F., Bordignon-Luiz, M.T., 2010.
Phenolic composition, colour, antioxidant activity and mineral profile of Cabernet
Sauvignon wines. Int. J. Food Sci. Technol. 45, 1505-1512.

Chamani, E., Wagstaff, C., 2018. Response of Cut Rose Flowers to Relative Humidity and
Recut During Postharvest Life. Int. J. Hortic. Sci. Technol. 5, 145-157.

Chamorro, S., Viveros, A., Alvarez, 1., Vega, E., Brenes, A., 2012. Changes in polyphenol
and polysaccharide content of grape seed extract and grape pomace after enzymatic
treatment. Food Chem. 133, 308-314.

Daglia, M., 2012. Polyphenols as antimicrobial agents. Curr. Opin. Biotechnol. 23,
174-181.

Dela, G., Or, E., Ovadia, R., Nissim-Levi, A., Weiss, D., Oren-Shamir, M., 2003. Changes in
anthocyanin concentration and composition in “Jaguar”rose flowers due to transient
high-temperature conditions. Plant Sci. 164, 333-340.

Do, Q.D., Angkawijaya, A.E., Tran-Nguyen, P.L., Huynh, L.H., Soetaredjo, F.E., Ismadji,
S., Ju, Y.H., 2014. Effect of extraction solvent on total phenol content, total flavonoid
content, and antioxidant activity of Limnophila aromatica. J. Food Drug Anal. 22,
296-302.

dos Santos, A.M.P., Silva, E.F.R., dos Santos, W.N.L., da Silva, E.G.P., dos Santos, L.O.,
Santos, B.R., da, S., Sauthier, M.C., da, S., dos Santos, W.P.C., 2018. Evaluation of
minerals, toxic elements and bioactive compounds in rose petals (Rosa spp.) using
chemometric tools and artificial neural networks. Microchem. J. 138, 98-108.

Elmastas, M., Demir, A., Geng, N., Dolek, U., Giines, M., 2017. Changes in flavonoid and
phenolic acid contents in some Rosa species during ripening. Food Chem. 235,
154-159.

Faragher, J.D., Wachtel, E., Mayak, S., 1987. Changes in the physical state of membrane
lipids during senescence of rose petals. Plant Physiol. 83, 1037-1042.

Jakobek, L., 2015. Interactions of polyphenols with carbohydrates, lipids and proteins.
Food Chem. 175, 556-567.

Jia, S., Wang, Y., Hu, J., Ding, Z., Liang, Q., Zhang, Y., Wang, H., 2016. Mineral and
metabolic profiles in tea leaves and flowers during flower development. Plant
Physiol. Biochem. 106, 316-326.

Kaisoon, O., Siriamornpun, S., Weerapreeyakul, N., Meeso, N., 2011. Phenolic compounds
and antioxidant activities of edible flowers from Thailand. J. Funct. Foods 3, 88-99.

Kanani, M., Nazarideljou, M.J., 2017. Methyl jasmonate and a-aminooxi-b-phenyl pro-
pionic acid as PAL enzyme promoter and inhibitor affected longevity and floral scent
of cut tuberose (Polianthes tuberosa L.). Hortic. Environ. Biotechnol. 58, 136-143.

Kennedy, J.A., Matthews, M.A., Waterhouse, A.L., 2000. Changes in grape seed poly-
phenols during fruit ripening. Phytochemistry 55, 77-85.

Kumar, N., Srivastava, G.C., Dixit, K., 2008. Flower bud opening and senescence in roses
(Rosa hybrida L.). Plant Growth Regul. 55, 81-99.

Lucini, L., Borgognone, D., Rouphael, Y., Cardarelli, M., Bernardi, J., Colla, G., 2016. Mild
potassium chloride stress alters the mineral composition, hormone network, and
phenolic profile in artichoke leaves. Front. Plant Sci. 7, 948.

Malik, N.S.A., Bradford, J.M., 2006. Changes in oleuropein levels during differentiation
and development of floral buds in “Arbequina”olives. Sci. Hortic. 110, 274-278.

Marks, S.C., Mullen, W., Crozier, A., 2007. Flavonoid and chlorogenic acid profiles of
English cider apples. J. Sci. Food Agric. 87, 719-728.

Mohy, E.E., 2011. Vase life extension of rose cut flowers (Rosa Hybirida) as influenced by
silver nitrate and sucrose pulsing. 2011. Am. J. Agric. Biol. Sci. 6, 128-133.

Mrad, N.D., Boudhrioua, N., Kechaou, N., Courtois, F., Bonazzi, C., 2012. Influence of air
drying temperature on kinetics, physicochemical properties, total phenolic content
and ascorbic acid of pears. Food Bioprod. Process. 90, 433-441.

Oyenihi, A.B., Smith, C., 2018. Are polyphenol antioxidants at the root of medicinal plant
anti-cancer success? J. Ethnopharmacol.

Pan, X., Du, L., Tao, J., Jiang, S., Qian, D., Duan, J., 2017. Dynamic changes of flavonoids
in Abelmoschus manihot different organs at different growth periods by UPLC-MS/
MS. J. Chromatogr. B 1059, 21-26.

Rasouli, O., Ahmadi, N., Monfared, S.R., Sefidkon, F., 2018. Physiological, phytochem-
icals and molecular analysis of color and scent of different landraces of Rosa da-
mascena during flower development stages. Sci. Hortic. 231, 144-150.

Rusanov, K., Garo, E., Rusanova, M., Fertig, O., Hamburger, M., Atanassov, I.,
Butterweck, V., 2014. Recovery of polyphenols from rose oil distillation wastewater
using adsorption resins-a pilot study. Planta Med. 80, 1657-1664.

Schmitzer, V., Veberic, R., Osterc, G., Stampar, F., 2009. Changes in the phenolic con-
centration during flower development of rose “KORcrisett.”. J. Am. Soc. Hortic. Sci.
134, 491-496.

Schmitzer, V., Veberic, R., Osterc, G., Stampar, F., 2010. Color and phenolic content
changes during flower development in groundcover rose. J. Am. Soc. Hortic. Sci. 135,
195-202.

Schmitzer, V., Mikulic-Petkovsek, M., Stampar, F., 2013. Sepal phenolic profile during
Helleborus niger flower development. J. Plant Physiol. 170, 1407-1415.

Schmitzer, V., Mikulic-Petkovsek, M., Stampar, F., 2019. Traditional rose liqueur-a pink


http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0005
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0005
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0010
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0010
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0010
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0010
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0015
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0015
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0015
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0020
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0020
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0025
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0025
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0025
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0030
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0030
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0035
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0035
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0035
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0040
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0040
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0040
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0040
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0045
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0045
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0045
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0045
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0050
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0050
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0050
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0055
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0055
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0060
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0060
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0065
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0065
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0065
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0070
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0070
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0075
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0075
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0075
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0080
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0080
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0085
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0085
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0090
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0090
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0090
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0095
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0095
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0100
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0100
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0105
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0105
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0110
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0110
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0110
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0115
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0115
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0120
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0120
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0120
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0125
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0125
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0125
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0130
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0130
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0130
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0135
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0135
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0135
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0140
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0140
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0140
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0145
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0145
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0150

E. Chamani, et al.

delight rich in phenolics. Food Chem. 272, 434-440.

Sellami, I.H., Maamouri, E., Chahed, T., Wannes, W.A., Kchouk, M.E., Marzouk, B., 2009.
Effect of growth stage on the content and composition of the essential oil and phe-
nolic fraction of sweet marjoram (Origanum majorana L.). Ind. Crops Prod. 30,
395-402.

Sood, S., Nagar, P.K., 2003. Changes in abscisic acid and phenols during flower devel-
opment in two diverse species of rose. Acta Physiol. Plant. 25, 411-416.

Taamalli, A., Abaza, L., Arrdez Romén, D., Segura Carretero, A., Ferndndez Gutiérrez, A.,
Zarrouk, M., Ben Youssef, N., 2013. Characterisation of phenolic compounds by
HPLC-TOF/IT/MS in buds and open flowers of “Chemlali” olive cultivar. Phytochem.
Anal. 24, 504-512.

Tanaka, Y., Brugliera, F., 2013. Flower colour and cytochromes P450. Philos. Trans. Biol.
Sci. 368, 20120432.

Tian, S., Shi, Y., Zhou, X., Ge, L., Upur, H., 2011. Total polyphenolic (flavonoids) content
and antioxidant capacity of different Ziziphora clinopodioides Lam. extracts. Pharm.
Mag. 7, 65.

Vallverdi-Queralt, A., Oms-Oliu, G., Odriozola-Serrano, 1., Lamuela-Raventés, R.M.,
Martin-Belloso, O., Elez-Martinez, P., 2013. Metabolite profiling of phenolic and

Scientia Horticulturae 271 (2020) 109460

carotenoid contents in tomatoes after moderate-intensity pulsed electric field treat-
ments. Food Chem. 136, 199-205.

van Doorn, W.G., Kamdee, C., 2014. Flower opening and closure: an update. J. Exp. Bot.
65, 5749-5757.

van Doorn, W.G., van Meeteren, U., 2003. Flower opening and closure: a review. J. Exp.
Bot. 54, 1801-1812.

van Doorn, W.G., Dole, I, Celikel, F.G., Harkema, H., 2013. Opening of Iris flowers is
regulated by endogenous auxins. J. Plant Physiol. 170, 161-164.

Wang, S., Li, Z., Jin, W., Fang, Y., Yang, Q., Xiang, J., 2018. Transcriptome analysis and
identification of genes associated with flower development in Rhododendron pul-
chrum Sweet (Ericaceae). Gene 679, 108-118.

Yamada, K., Ito, M., Oyama, T., Nakada, M., Maesaka, M., Yamaki, S., 2007. Analysis of
sucrose metabolism during petal growth of cut roses. Postharvest Biol. Technol. 43,
174-177.

Yanez, J.A., Remsberg, C.M., Takemoto, J.K., Vega-Villa, K.R., Andrews, P.K., Sayre, C.L.,
Martinez, S.E., Davies, N.M., 2013. In: Davies, N.M., Yanez, J.A. (Eds.), Polyphenols
and flavonoids: an overview. Flavonoid Pharmacokinet. Methods of Analysis,
Preclinical and Clinical Pharmacokinets, Safety, and Toxicology, pp. 1-71.


http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0150
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0155
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0155
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0155
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0155
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0160
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0160
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0165
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0165
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0165
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0165
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0170
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0170
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0175
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0175
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0175
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0180
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0180
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0180
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0180
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0185
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0185
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0190
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0190
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0195
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0195
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0200
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0200
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0200
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0205
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0205
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0205
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0210
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0210
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0210
http://refhub.elsevier.com/S0304-4238(20)30288-0/sbref0210

	Phenolics pattern of cut H3O rose flowers during floral development
	Introduction
	Material and methods
	Data analysis
	Results and discussion
	Phenolic acids
	Flavonoids

	Conclusion
	Funding
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References




