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Abstract

Carnation (Dianthus caryophyllus ‘Servantes’) is a popular and economically cut flower widely used in the florist industry.
However, post-harvest senescence occurs in a few days and limits the cut carnation flowers’ commercialization. Therefore, this
research was performed to investigate the impact of essential oils such as tea tree oil (TTO), pumpkin seed oil (PSO), Moringa
seed essential oils (MEO), and Eucalyptus oils (EEO), as eco-friendly preservative solutions to enhance the quality and longevity
of carnation flowers. Carnation cut flowers were submitted to different concentrations (250 and 500 mg L) of each essential oil
used in the vase solution and the experiments were carried out as a completely randomized design in three replicates. The findings
revealed that the longest vase life and the maximum total water solution uptake in cut carnation were achieved when treated with
either TTO or PSO oil at 500 mg L' in solution preservative as compared to the control (distilled water). While the highest relative
fresh weight was observed at 500 mg L' PSO, the highest chlorophyll a, b, total carotenoids, total sugar, total phenolic content in
leaves, anthocyanin content, and enzyme activity in petals at 500 mg L' TTO and PSO. Additionally, all treatments of selected
oils have positively declined the bacteria activity compared to control. Also, the lowest bacteria growth on third day with 500 mg
L' TTO and PSO. However, observing a prim state of xylem vessels with TTO 500 mg L"'and PSO 500 mg L', comparable with
distilled water, the application of essential oil in this study as a natural preservative in preservative solution as an alternative to
chemicals could be of environmental value and great economic.
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Resumo
Melhorando as caracteristicas pdés-colheita, composi¢cio quimica e atividade antimicrobiana
de flores de corte de Dianthus caryophyllus usando novos 6leos essenciais

O cravo (Dianthus caryophyllus ‘Servantes’) € uma flor e corte popular e economicamente viavel, amplamente utilizada na industria
floristica. Apesar disso, a senescéncia pos-colheita ocorre em poucos dias, sendo um problema limitante na comercializagdo de
flores de cravos cortadas. Assim, realizou-se a pesquisa para investigar o impacto de 6leos essenciais como o 6leo de arvore de cha
(TTO), 6leo de semente de abobora (PSO), dleos essenciais de semente de Moringa (MEO), e 6leos de Eucalipto (EEO), como
solugdes conservantes ecologicamente corretas para melhorar a qualidade e a longevidade das flores de cravo. As flores de cravo
cortadas foram submetidas a diferentes concentragdes (250 ¢ 500 mg L) de todos os 6leos essenciais utilizados na solugdo de
vaso. Os resultados revelaram que a maior vida util de vaso e a maxima absorcao total da solugfo pelo cravo cortado ocorreu nos
tratamentos com 6leo TTO ou PSO a 500 mg L' na solug@o conservante em comparagdo com o controle (agua destilada). Enquanto
0 maior peso relativo fresco indicado com 500 mg L' PSO, a maiores valores de clorofila a e b, carotendides totais, agtcares totais,
conteudo fendlico total nas folhas, conteudo de antocianina e atividade enzimatica em pétalas tratadas com 500 mg L' de (TTO)
e (PSO). Além disso, todos os tratamentos de 6leos atuaram diminuindo a atividade bacteriana em comparagdo com o controle.
Também, o0 menor crescimento bacteriano ocorreu no terceiro dia com o uso 500 mg de L' TTO e PSO. Entretanto, observando
um estado primario de vasos de xilema de hastes tratadas com 500 mg L' de TTO e 500 mg L' de PSO, comparando com agua
destilada, a aplicacdo do o6leo essencial neste estudo como conservante natural em solugdo conservante como alternativa aos
produtos quimicos pode ser de grande valor ambiental e econdmico.

Palavras-chave: atividade bacteriana, conservante, cravo, 6leos essenciais, vida de vaso.
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Introduction

In the global floriculture marketplace, cut flowers
have become an exporting income. They are used for
home decoration and ceremonies (such as funerals and
weddings). The other attributes influencing post-harvest
cut flowers and vase life are critical in the floral industry
(El-Sayed et al., 2020; Soliman et al., 2022a) Carnation
(Dianthus caryophyllus ‘Servantes’ Caryophyllaceae) is
one of the most important cut flowers in the world. In the
floricultural sector; the carnation has the greatest value for
adornment and decoration. Furthermore, the shelf life of
cut flowers of carnation varies among various cultivars and
species. It is a criterion for determining quality consumer
preferences and commercial value (Vehniwal et al., 2021).

Recently, researchers have looked for natural
preservatives, such as essential oil extracts of medicinal
or aromatic herbs that are environmentally friendly and
have a long history of safety (Maurya et al., 2021). Using
natural essential oils of medicinal or aromatic plants can
help limit microbes’ activities (Maurya et al., 2021). Also,
they contain numerous phytochemicals such as tannins,
flavonoids, alkaloids, and terpenoids, which inhibit microbe
development. Furthermore, eco-friendly, easy-to-use,
low-cost preservatives are always critical for commercial
application, so researchers are interested in developing
natural preservatives for cut flowers (El-Sayed and El-Ziat,
2021). Essential oils (EOs), organic raw materials with
antibacterial activity against some diseases, are safe and
eco-friendly. (Othman and Esmail, 2020; El-Sayed and El-
Ziat, 2021).

Tea tree oil (TTO) is extracted from Melaleuca
alternifolia, a tall shrub in the myrtle family Myrtaceae
or tree species (Yasin et al., 2021a). Tea tree oil has been
used as an alternative medicinal treatment in Australia for
more than a century, and it is now becoming more popular
worldwide because of its antibacterial activity (Yasin et
al., 2021b). Furthermore, pumpkin seed oil (PSO), dark
greenish-red oil, was obtained from Cucurbita pepo L. oval
seeds. It belongs to the family Cucurbitaceae. Its oil contains
many fatty acids such as linoleic, oleic, and phytosterols.
PSO has beneficial properties such as antibacterial, anti-
inflammatory, anti-ulcer, and antioxidant (Saleem et al.,
2021). In addition, Moringa essential oil (MEO) obtained
from (Moringa oleifera Lam., seeds) is one of the most plant
biostimulants. In addition, Moringa oil has some bioactive
compounds and has shown antimicrobial properties on
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numerous pathogenic strains (Christaki et al., 2021). MOE
appears to be an efficient, friendly floral preservative due
to its contents, as further detailed below. However, the
essential oils of the Eucalyptus plant (EEO) are one of the
most attractive essential oil for treating wound infections
and has market potential as shelf life longevity via
increasing the postharvest parameters of these cut flowers
(Yonsawad and Teerarak, 2019).

To the best of our knowledge, no research use
pumpkin seed oil (PSO), Moringa essential oil (MOE)
as a preservative solution as well as, and there is little
information about the application of tea tree oil (TTO),
as a natural floral preservative on enhancing postharvest
characteristics the quality of carnation cut flowers or any
cut flowers. In addition, there is limited information on
the influence of essential oils on the vase-life of carnation-
cut flowers. Therefore, the research aims to highlight the
potential of utilizing TTO, PSO and MOE oils as a new
preservative solution and Eucalyptus oil (EEO) to enhance
postharvest and longevity of vase life and maintain the
quality of cut flowers of carnation, as well as determination
of chemical composition and antibacterial activity of vase
solution of cut carnation flowers.

Materials and methods

The current research was conducted in agriculture
seasons 2021 and 2022 to test the effect of applying some
essential oils as preserving vase solutions on the vase-life
of carnation cut flowers and enhancing their longevity and
quality. The cut flowers in this research were carnation
Dianthus caryophyllus “Servantes” obtained from
the commercial growing farm “Floramix Farm” Kafr
Hakim, Giza, Egypt. The flowers were transported to the
laboratory on the same day, and pre-cooled in the water
for thirteen minutes after the stems had been cut again
down in the water to the length of 55 cm; in all cut flowers,
after removing the leaves from the lower third of the stem,
placed each cut flower individually in the vase (400 ml)
containing solution 350 ml under 21+ 1 °C with a relative
humidity of 65+ 5%. Essential oils were obtained from
the unit by squeezing and extracting natural oils, National
Research Centre (NRC). The control (distilled water)
plus 2% sucrose as carbon source was applied as controls
and pulsed with distilled water for the same period. The
oils dissolved in “Tween -20 0.1 %” before adding to the
preservative solution (Table 1).
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Table 1. Treatments used in the experiment of carnation cut flowers.

Control (distilled water)
TTO (250 mg L")
TTO (500 mg L)
PSO (250 mg L")
PSO (500 mg L)

MEO (250 mg L)
MEO (500 mg L")
EEO (250 mg L")
EEO (500 mg L)

The experiment’s data was examined using a three replicate (randomized block design). One spike carried one head flower

The Data recorded mean two seasons were:

Vase life and quality assessments

Vase life (days): vase life was calculated as the number
of days from when placed the cut carnation into the vase
(day 0) until 50% of the petals had wilted, browned, or
rolled inward (Pun et al., 2014). Diameter of flowers (cm):
as the outer diameter of opened cut flowers of carnation
using a calliper. Water solution uptake (g/flower/day), as
the weight of absorbed preservative solution (g) of the
treatments assessed (3, 6, and 9 d). Water loss (g/flower/
day): as the weight of the vases containing cut flowers and
vase solution assessed every two days. Total days of the
vase solution loss rate were calculated at the end of the vase
evaluation period of each treatment as follows: Water loss
(g/flower/day) = (Ct ' - Ct); which, Ct is the weighting of
cut carnation flowers plus the preservative solution (g) at
3,6,9d, Ct'is the weighting of cut carnation flowers plus
preservative solution (g) on 0,3,6, and 9 d, respectively,
by (Bazaz et al., 2015). Relative fresh weight (RFW %):
at the beginning of the experiment, we weighed the cut
carnation flowers and weighed them again on days 3, 6,
and 9 d during the vase life period. Relative fresh weight
(RFW%) of cut flowers calculated as indicated by He et
al. (2006).

RFW % = (Wt /W t°) x 100; where Wt is the weight
of carnation flowers (g) at t = days 0, 3, 6, etc., and W t™°
is the weight of the same carnation flowers (g) at t = day 0.

Chemical analysis: Chlorophyll content (mg gm
F.W.), was obtained on 3, 6, and 9 d., throughout the vase-
life evaluation. Chlorophyll a, b, and carotenoids were
measured according to Saric (1967). Anthocyanin content
(mg/100 mg), the extraction of anthocyanin pigment was
prepared with an ethanolic hydrochloric acid solution (85 ml
ethanol 95 % + 15 ml 1.5 N HCI) Fuleki and Francis (1968).
Determination of total sugars in fresh leaves was estimated
using the method described by (Dubois et al., 1956). Total
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phenols in fresh leaves were measured by colorimetric
method, using a Folin-Ciocalteau reagent, determined by a
spectrophotometer at 650 nm and using Gallic acid as the
standard, according to previously described by Swain and
Hillis (1959). Extraction and determination of antioxidant
enzyme activities: Fresh petals extract of the enzyme as
described by Mukherjee and Choudhuri (1983). Catalase
(CAT) EC 1.11.1.6 and peroxidase (POX) EC 1.11.1.7
activity were dissolved to the method by (Kar and Mishra
1976). Superoxide dismutase activity (SOD) EC 1.15.1.1
was determined following a modification of the method
(Marklund and Marklund 1974).

Mean bacterial counts (C.F.U m I'"): Bacterial activity
was estimated in the holding solutions, after 3, 6, and 9 d,
with 1 ml of each sample taken and diluted with sterilized
distilled water from the first to the sixth dilution. After that,
inoculated 1 ml of each fourth, fifth, and sixth dilution in
Petri dishes on media containing agar, peptone, and beef
extract, and then incubated for 48h. At 30-C, the colonies
have been counted (Marousky, 1970).

Scanning electron microscopy (SEM): Used
microscopic investigation to scan xylem occlusion by
bacteria at the base of the cut carnation flower stem. At the
end of the control vase-life, take sections (0.5 cm) from the
control flowers as well as treated flowers with 500 mg L' of
(TTO), 500 mg L' of )PSO(, 250 mg L' (EEO), and 500
mg L' ) MOE(. Samples were processed and examined by
transmission electron microscope JEOL (JEM-1400 TEM)
(Bozzola and Russell, 1999).

Statistical Analysis: The experiment’s data was
examined using a three replicate randomized block design
(RBD). One spike carried one head flower. The treatment’s
means were comparable significantly to new multiple-
range tests at the 0.05% level of probability (Duncan,
1955) using COSTATV-63.
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Results and Discussion

Vase life and quality assessments

Pulses with tea tree oil (TTO), pumpkin seed oil
(PSO), Moringa essential oil (MOE), and essential oil
of Eucalyptus plant (EEO) at different concentrations
significantly prolonged the shelf life of cut carnations
compared to untreated cut flowers. The longest vase life
was obtained upon treatment with tea tree oil (TTO) 500
mg L' (22.65 days) for mean seasons, pumpkin seed oil

(PSO) 500 mg L' (21.16 days), Eucalyptus essential oil
(EEO) 250 mg L' (20.00 days), and Moringa essential
oil (MEO) 500 mg L' (19.00 days), respectively. These
treatments enhanced shelf life by approximately 8-11 days
compared to the control (11.66 days) for mean seasons.
Furthermore, the vase life was considerably reduced when
the preservative solution contained 250 mg L' PSO, 250
mg L'MEOQ, and 500 mg L' EEO was applied. The lowest
vase-life was observed in the control (distilled water)
(Figures 1 and 2).

Figure 1. Effect of different concentrations of essential oils that delayed petal senescence in
cut flowers of carnation cut flowers. The photograph was taken on day 9 day and the scanning was
taken on day 11 after the test treatments. (A, a): Control (distilled water). (B, b): TTO (500mg L).

(C, ¢): POS (500 mg L") (D, d): MOE (500 mg L") (E, e): EEO (250 mg L").

Vase life (days) |
25 - 5
B - . be
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1 1
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Treatments

Figure 2. Effect of different concentrations of essential oils on vase life (days) on
carnation cut flower of mean two seasons. Columns data with different letter/s differ
significantly (p < 0.05), letters (a—f) are a comparison of individual treatment means.

Our findings demonstrated that the longest vase-life
cut flowers could be obtained from these essential oils,
particularly tea tree oil. These results agree with Amin and
El Sayed (2021), which showed that using tea tree oil at 3
ml L' increases the vase life and enhances the water balance
of cut Aspidistra elatior leaves. Moreover, El-Sayed and
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El-Ziat (2021) observed that applied thyme and clove oils
extended the vase life of cut chrysanthemum. In another
study, treatments with tea oil have positive longevity in the
vase life on cut flowers (Yasin et al., 2021a). Essential oils
are a viable for extending cut flowers» vase life because they
are low-cost and environmentally friendly (El-Sayed and
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El-Ziat, 2021). Besides, the effect of tea tree oil (TTO) on
increasing the vase life may be due to its high antioxidative
and antimicrobial activities of compounds such as terpinen-
4-o0l, methyl eugenol, and cineole- 1, 8 (Yasin et al., 2021b).
Additionally, moringa oil has some bioactive compounds
and antimicrobial properties on numerous pathogenic
strains and intense coagulative (Christaki et al., 2021).
Diameter of head flower (cm),the influence of different
concentrations of tea tree oil (TTO), pumpkin seed oil

03 days
W6 days
9 days

|]}iameter of head flower (cm) |

(PEO), Moringa essential oil (MEO), and eucalyptus
essential oil (EEO) as solution preservatives on the diameter
of the head flowers of cut carnation, the data are indicated
that the diameter of the head flower was significantly
increased with the preservation solution content 500 mg L'
(TTO), 500 mg L' PSO, 250 mg L' EEO, and 500 mg L
MEO essential oils in all days selected compared with the
control (distilled water) and other different concentrations
of essential oils in (Figure 3).

Relative fresh wight% ‘
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Figure 3. Mean comparisons of various effects of different concentration of essential oils on the diameter of head
flower and relative fresh weight % of carnation cut flowers during evaluated days. Columns data with different letter/s
differ significantly (p < 0.05), letters (a—g) are a comparison of individual treatment means by Duncan’s letters.

These results, in agreement with Salehi Salmi et al.
(2018), showed an increased diameter of rose cut flowers
when treated with the Bunium persicum Bioss, Menthae
spicata L., Thymus vulgaris L., and Satureja hortensis L.
essential oils than the control. Similarly, El-Sayed and El-
Ziat, (2021) showed the greatest diameter of head flower
with 500 mg L' thyme oil of cut chrysanthemum during
two seasons.

The influence of different essential oil concentrations
on relative fresh weight (RFW%) was a positive effect via
vase-life during all days evaluated. Average comparisons
of various essential oils concentrations of cut carnation
flowers are shown in (Figure 3). It can be observed that PSO
500 mg L', TTO 500 mg L', and EEO 250 mg L' (in 3,
6, and 9 days) had the greatest RFW% of other treatments.
Besides, the least RFW% was shown in control (distilled
water) on all days. These findings are similar to the vase-life
trait mentioned above. The trend of RFW% in TTO, PSO,
and EEO was higher than in distilled water (control) during
the vase life period. It was releasing relative fresh weight
(RFW%) for all treatments until day 6. Subsequently, it is
reduced to 9 days (Figure 3). These findings showed that
RFW% downfall by control (distilled water) compared to
other treatments. This result is confirmed by Adam (2021),
which suggested that treating cut Solidago with essential oils
(nigella, rosemary essential oil at 200 mg L-') had a positive
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effect on maintaining longevity vase life and relative fresh
weight. However, Amin and El Sayed (2021) mentioned
that applying tea tree oil 3ml L' improves the fresh weight
and water balance of cut Aspidistra elatior leaves. Also,
Almeida et al. (2020) showed that adding 0.25%, 0.50,
1.0, and 1.25 sprayed Carola roses with eucalyptus oils
increased total vase life and REW%. The effect of essential
oils on enhancing fresh weight results in the presence of
phenolic compounds (important antioxidant compounds),
maintaining fresh weight and protection from membrane
leakage. (El-Sayed and El-Ziat, 2021). One of the stages
of flower senescence is a reduction in the fresh weight of
cut flowers; the more the flowers advise into senescence,
their ability to absorb water decreases. Finally, a significant
loss in the cellar occurs. Thus, assessing water uptake
after flower harvest is one of the most positive factors of
flower durability of RFW may cause insufficient solution
absorption the increased water loss (Yang et al., 2021).

The influence of employed treatments on water
solution uptake (g/flower/day) was significant via shelf-life
period. Figure 4 indicated that using TTO at 500 mg L'
concentration resulted in the highest water solution uptake
in 3, 6, and 9 days. Additionally, the smallest water solution
uptake was obtained from the control (distilled water) on
all days studied. Water solution uptake was released until
day 6 and then reduced for all treatments tested.
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03 days
u6 days

i ‘Water solution uptake (g/flower/day) |

Control  TTO250mg TIO500mg PSO230mg PSOSWmg M
(distilled L1 L1 L1 L1
weater)

M0E 250 MOE 300 EEO20mg EEO300mg
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Treatments

‘Water loss (g/flower/ day)

o3 days

Control  TIO230mg TTO 500 mg PSO250meg PSOS00mg MOE 250 MOE 300 EEO230mg EEO 500 me
(distilled -1 Ll L1 L mgL-l mgL-1 L1 L1
water)

Figure 4. Mean comparisons of different concentrations of essential oils on water solution uptake and water loss
of carnation cut flowers during evaluated days on carnation cut flowers. Columns data with different letter/s differ
significantly (p < 0.05), and letters (a—f) are a comparison of individual treatment means by Duncan’s letters.

The findings of this study are consistent with the findings
of Gani et al. (2018) suggested that different combinations
of essential oils damage the cell wall and cell membrane of
microbes, causing the damaged cells to die, which probably
in increasing water uptake and improves water balance.
The cut flowers’ ability to absorb vase water is significantly
related to their vase life. As a result, increased vase water
uptake raises tissue water content, which may be helpful in
the hydrolysis of sugar in petal cells by providing energy
and respiration. (El-Sayed and El-Ziat, 2021). Furthermore,
the water balance attained by cut flowers’ absorption and
transpiration is an important aspect that impacts cut flowers’
quality and vase life. Consequently, when transpiration
exceeds water uptake, the cut flower is subjected to a water
deficit, which causes the flower to wilt (Fanourakis et al.,
2021). One of the causes of wilting is the inability of cut
flowers to absorb water, which can be caused by bacterial
growth in the cambial tissues of the stem (Fanourakis et
al., 2021).

The water loss level(g/flower/day) of carnation cut
flowers is presented in (Figure 4) for the 3, 6 and 9 days,
showed a reduction with all concentrations used of essential
oils, especially TTO and PSO (500 mg L") compared to
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the control which indicated the highest value (18, 24, 18
g/flower/day). These results may be by the effect of the
component content of used essential oil on the sugar’s
high-water uptake content, which may help maintain water
balance and delay turgidity loss as the flower senescence. In
addition, it decreases ethylene responsiveness in the flower’s
petals, besides the antioxidant effect of essential oil to inhibit
ethylene production (Lopez- Gomez et al., 2020).

Chemical analysis

The data in Figure 5 shows that all solutions containing
different oils used in this study had positive effects on
the leaf content of pigments (Chlorophyll a, b and total
carotenoids). Treating cut flowers with tea tree oil and
pumpkin oil at 500 mg L' gave the highest means of the
previous pigments in all days evaluated compared to the
control (distilled water) and other concentrations. Results
agree with Amin, and El Sayed (2021), when treated nigella
essential oil Solidago cut flowers, increased chl a, and b.
Many reports have explained the elicitation or maintenance
of chlorophyll when essential oils are dissolved in a
preservative solution due to the antioxidant activities of
these oils (Adam, 2021).
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oF Treatments

03 days
u § days
09 days

B Chlorophyll b (mg/g F.W.)]

Figure 5. Effect of different concentrations of essential oils on chlorophyll a, b and carotenoids
of carnation cut flowers during evaluated days (A, B and C).

The important key of essential oils in improving
chlorophylls might be due to the antioxidant accumulation
of essential oils in conserving chlorophylls. The increase
in photosynthetic pigments is due to the increasing activity
of sugars and cells, which decline chlorophyll loss by
regulating the respiratory rate and osmotic pressure (Pouya
et al, 2019).

Data presented in (Figure 6 A) indicated that essential
oil treatments had positive effects on the leaf content of
total sugar. Treating carnation cut flowers with tea tree
oil (TTO) at 500 mg L'gave the highest means of total
sugar, followed by treating with pumpkin oil at (500
mg L) compared to the control. These results harmony
with Amin and El Sayed (2021) on cut Aspidistra elatior
leaves, when treated with tea tree oil at 3 ml L' as foliar
treatment, enhanced pigments, total sugar, phenols and
indols. The water status of the cut flower improves, and
the percentage of plant dry matter increases, resulting
in the presence of sugar in the water. Therefore, enough
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sugar replaces the sugar consumed during respiration
(Hashemabadi et al., 2021).

The data in (Figure 6 B) demonstrated that the highest
content of total phenol of cut flowers was maintained
with tea tree oil and pumpkin oil treatment at the same
concentration (500 mg L") as compared with distilled
water in (3, 6, and 9 days). In the same line, Adam (2021)
indicated that phenolics had acquired much importance
because of their disease prevention and health-promoting
properties. Also, the rip seeds of Moringa oleifera have
considerable antioxidant activity and concentration of
vitamins, minerals, and B-carotene.

The current study showed a significant difference in the
POD, CAT, and SOD activity in carnation cut flower petals
(Figures 7 A, B, and C). Specifically, the tea tree oil (TTO)
treatment at 500 mg L' followed by pumpkin oil (PSO) at
the same concentration showed the highest POD, CAT and
SOD activity (29.70, 4.48, 10.44 and 27.40, 3.72, 9.25 unit
g!' F.W. min™') respectively.
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Figure 6. Effect of different concentrations of essential oils on total sugar (mg/g F.W.)
and total phenol (mg/g F.W.) of carnation cut flowers during evaluated days (A, B).

|POD activity (U/gF.W. min)|

[2]:

| CAT activity (U /g F.W.min) |

35 -
a i =
30 1 el
Ea = b a b
25 1 c d c
20 - d 3 cd &
of de de
15 4 ef 2 ef
f £ f
10 1
1
5 -
o o T T T T T T
o e R T Control TTO TTO PBSOIS0PS0 500 MOE MOE EBD EBD
:onnt TG SEICLIPSDL U SO0, MUK, MU 04), i) (distiled 250 mg 500mg mell mel-l 150mg S0z 102E 500
{distilled 250 meg 30mg mgl-1 mgl-1 150me 50me 10ms 50og e Lol I-1 L-1 1-1 S T i
wzer) L-1 L-1 Treatments! L-1 1-1 L-1 k. Treatments =

12

| SOD activity (U/g F.W.min) |

| Anthocyanin content (mg/100mg F.W.)| [

d 12 S

10 - Ea b =
4 . 10 B b

| d 8 - c
] de dF d

e g E'g b 4 e Ef

A fo
. 2 h gh 5
2 _ 2 - ﬂ ’*‘ ﬂ ﬂ
0+ T o B . o s : :

Comtot L, (GTI0 B0 SHESONN ML - MOH, 1), K Contol TTO TTO PSOI5(PSO500 MOE MOE EEC EED

(distilled 230 me 5W0me mel-1 mgl-l 1oy 50@meg 30 og 50@e

L-1 L1 1 L-1 L1 L-1

waEL) L-
Treatments

{distilled23mg 500mg oegl-1 mgl-]1 130mg 500og 20 me 500ag
waer) L-l L-1 L-1 L1 L-1 L-1
Treatments

Figure 7 Effect of different concentration of essential oils on antioxidant enzyme activity U/g F.W. (A, B, and C)
anthocyanin content mg/100mg F.W. (D) of carnation cut flowers “Servantes” in sixth day.

These results are in harmony with Yonsawad and
Teerarak (2019) and Soliman et al., (2022b), who suggested
that the essential oil may trigger higher antioxidant enzyme
activity such as (POD, CAT or SOD), limiting the prospect
for further free radical production of H,0O,. Additionally,
the activity of enzymes is controlled due to the antioxidant
properties of plant essential oils, which are correlated with
the senility of cut flowers. These conditions stimulate cut
flowers’ freshness and longevity (Hashemabadi et al.,
2021).

In (Figure.7 D), the results showed that the 500 mg L
of tea tree oil (TTO) and pumpkin oil (PSO), respectively,
indicated the highest petal anthocyanin content compared

Ownam. Houtic. (Vicosa)

with control and other treatments tested. Similarly,
essential oil from dill at 200 mg L' as a plus solution
contributed to the postharvest quality of Helianthus annuus
cut flowers extending shelf life and improving anthocyanin
petals (Othman and Esmail, 2020). On Carola roses that
were sprayed with eucalyptus oils, 0.25% improved total
anthocyanin content in the petals (Almeida et al., 2020).

Mean bacterial counts (C.F.U./ml)

During the evaluation period, the bacterial population
in the vase solution of cut flowers increased dramatically.
In contrast, essential oils selected considerably inhibited
this rise (Figure 8).
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Figure 8 Effect of different concentration of essential oils on Bacterial
counts (C.F.U/ml) of carnation cut flowers. “Servantes” during evaluated days.

The decrease in bacterial activity was significantly
higher in the solution of 500 mg L' TTO, 500 mg L' POS,
250 mg L' EEO, and 500 mg L' MEO treated cut flowers
compared with distilled water (control) ones. Essential
oils are more effective against pathogenic germs that
cause structural and functional damage to the bacterial
cell membrane due to a significant number of phenols,
alkaloids, terpenes, and other antimicrobial components
(Othman and Esmail, 2020).

Scanning electron microscopy (SEM):
Using scanning electron microscopy (SEM) (Figure

9) indicated that the various concentrations studied of
essential oils had a positive influence in prolonging the
vase life of carnation cut flowers compared to untreated
(distilled water). Water stress resulted from xylem
blockage, a limiting factor in the prolongation and
expression of the cut flowers as early wilting of flowers
and leaves. The cross-section in the xylem cells in cut
flowers of distilled water (control) neighbourhood was
filled with bacteria, as shown in (Figures 9 A and B).
The cut flowers would lose their turgidity due to the
blockage, reducing the vase life of the carnation-cut
flowers.

Figure 9. Scanning electron microscope micrograph of carnation xylem vessels at the base of stem of cut flower
axis showing the impact of some treatments on bacterial proliferation and blockages in xylem vessels, A and B: control
(distilled water). C and D: 500 mg L' TTO treatment. E and F: 500 mgL"' PSO treatment. G and H: 500 mgL-' MEO
treatments and I and J 250 mg L' EEO.

Ownam. Houtic. (Vicosa)

V. 29, Ne. 1, 2023 p. 37-47



46 STUDY POSTHARVEST CHARACTERISTICS, CHEMICAL COMPOSITION AND ANTIMICROBIAL ACTIVITY
OF DIANTHUS CARYOPHYLLUS L., CUT FLOWERS USING SOME ESSENTIAL OILS

On the other hand, the treatments with 500 mg L' TTO,
500 mg L' PEO, 250 mg L' EEO, and 500 mg L' MEO
reveal a prime state of the xylem vessels. The essential oils
and their constituents are a key antibacterial feature because
it allows them to partition with the lipids of the bacterial
cell wall, mitochondria, and cell membrane, increasing the
permeability of these membranes. Moreover, the bacteria
activity in the preservative solution of chrysanthemum
flowers treated with clove and thyme oils was less than
in control cut flowers, and other treatments were used
(El-Sayed and El-Ziat, 2021). Hence, the antibacterial
activities of essential oils of herbs could correlate with the
increased carnation cut flower shelf-life. These effects have
been indicated by (Amin and EI Sayed 2021)

Conclusions

Briefly, essential oils selected, participle tea tree oil
(TTO) and pumpkin seed oil (PSO), showed antimicrobial
agents for prolonging the vase life and enhancing the water
relations and relative fresh weight (RFW%) of carnation cut
flowers and improving total phenolics and sugars as well as
antioxidant enzyme activity. These findings suggest that 500
mg L' TTO and PSO efficiently prevented bacterial blockage
and improved the water uptake of carnation. Therefore,
Essential oils are eco-friendly to the environment and low
cost, especially since the eco-friendly holding preservative
solution is safe for people and animals in the future. Thus,
future works will apply different concentrations of TTO,
PSO, MEO, and EEO in other cut flowers.
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