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Abstract

In this study, the effects of peppermint and rose extracts on delaying the aging of Alstroemeria spp. cut flowers were
investigated. Peppermint and rose extracts were used in concentrations of 10, 20 and 30%. Quantitative and qualitative traits
such as vase life, flower opening index, water uptake, fresh weight, dry weight, population of bacteria in vase solution and
stem end, ion leakage, decreasing Brix degree, content of carotenoid and chlorophyll were evaluated. In this study, treatment
of 30% rose extract was better than other treatments and the highest vase life, Brix degree, and fresh and dry weights were
obtained in this treatment. Treatment of 10% mint extract was also effective in reducing the bacterial population, increasing
water absorption and vase life. Treatment of 10% rose extract had the highest efficiency in the process of flower opening and
it acted like treatment of 3096 rose extract in fresh weight and Brix degree. The highest amount of chlorophyll was related to

20% rose treatment and the highest amount of carotenoid was related to 30% mint extract treatment.

Keywords: Alstroemeria, Essential oils, Ornamentals, Postharvest longevity

Introduction

Alstroemeria spp. (belongs to the Alstroemeriaceae
family) is a popular cut flower, mainly because of
having a wide range of colors. The main problem of
most cut flowers is short vase life. Vascular blockage,
water stress, ethylene production and microorganisms’
activity in vase solution are the major reasons for vase
life reduction of a cut Alstroemeria flower (Anvari et
al., 2022). Studies have been doing to find out safe,
low-cost, easily accessible and environmentally-friend
products to extend the vase life of cut flowers (Basiri et
al., 2022; Singh et al., 2022).

Extracts and essential oils are natural antimicrobial
compounds used during recent years for extending
postharvest life of cut flowers. The active ingredients of
some medicinal plants have antimicrobial properties due
to their high concentration of phenolic compounds. The
antimicrobial activity of essential oils is related to the
phenolic compounds, alcohols, aldehydes, ketones,
ethers and etc. (Singh et al., 2022). There is a direct
relationship between the components of essential oils
and their activity.

Peppermint (Mentha pieperata) and rose (Rosa
damascena) are two important medicinal plants with
antimicrobial, antioxidant, antibacterial and anti-

inflammatory properties, suitable for using in vase
solutions (Hussain et al., 2021; Venkatesha et al.,
2022). Peppermint essential oil contains menthol (30-
40%), menthone (15-25%), methyl acetate (about 10%)
and menthofurane (less than 5%) (Safaei Khoram et al.,
2011). Rose extract, which contains several active
ingredients, is extracted from the sepals and petals of
the plant and contains 300 different compounds, of
which 50 compounds are known. The main and
effective ingredients of rose are 30-40% geraniol, 40-
60% citronlol, 20-30% linalool and 20-25% stiraptene
(Zarghami et al., 2001).

Application of essential oils for extending the
postharvest life of cut flowers has been in use for many
years. The use of essential oils of medicinal plants and
their active ingredients in the preservative solution of
cut Gerbera flowers increased its vase life (Solgi et al.,
2009). Thyme essential oil extended the vase life of cut
narcissus flowers (Salehi Sardoei, 2013). Also, the use
of 50 and 75 mg of thyme and safflower essential oils
prolonged vase life of cut lilium flowers by the effect on
water absorption and fresh weight. Treatment of 20 mg/I
of thyme essential oil together with sucrose 4%
increased the vase life of lilies from 8 days to 13 days
(Tahmasbi Notorki et al., 2012). Application of
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cinnamon and carnation essential oils together with
silver nanoparticles in vase solution of cut Alstroemeria
cv. ‘Jamaica’ flowers reduced the number of petal
shedding days by up to 50% delay compared to the
control (Fazlalizadeh et al., 2013). Carvacrol extended
the vase life of cut Alstroemeria cv. ‘Bridal’ flowers and
improved its quality (Isapareh et al., 2016).

Peppermint essential oil and sucrose have a
significant effect on increasing water absorption,
stability of cell membranes and photosynthetic pigments
and reducing fungal and bacterial contamination,
resulted in extending the vase life (Jahanifar et al.,
2015). The use of essential oils of savory and coriander
plants reduced the microbial population in the vase
solution and stem end of cut rose flowers, resulted in
extending the vase life (Jalili Marandi et al., 2011).
Application of thyme essential oils as disinfectant in the
preservative solution of cut Thymus capitatus L. flowers
increased antioxidant activity and vase life (Ouraiachi et
al., 2011). Treatment of 50 mg/l thyme essential oil on
cut Alstroemeria flowers increased the vase life
(Mousavi Bazaz and Tehranifar, 2011). Rosemary and
mint essential oils significantly increased the vase life of
cut Alstroemeria flowers through reduction of
microorganisms’ population (Babarabie et al., 2016).
Beneficial effect of some other essential oils on
extending the vase life of cut Alstroemeria flowers have
been shown (Ershad Langroudi et al., 2017).

The aim of the present study was to investigate the
effect of peppermint and rose extracts on some
physiological traits, microorganisms’ population in vase
solution and stem end and vase life of cut Alstroemeria
‘Bali’ flowers.

Materials and methods

Plant materials: Cut Alstroemeria ‘Bali’ flowers (Fig.
1) were prepared from a commercial greenhouse located
in Tehran, Iran. Uniform cut flowers were transferred to
the postharvest laboratory of Islamic Azad University,
Rasht, Iran, immediately. Shoots were re-cut from a
height of 52 cm under water and placed in vase solution.

Essential oils preparation: The Abdolmaleki et al.
(2013) method was used to extract the peppermint and
rose. Peppermint leaves and rose petals were dried out
and powdered at ambient temperature and in the dark
room for 72 h. The content of 100 g powder of each
plant was poured into boiling water and extracted on a
heater with 500 ml of boiling water. The plant residues
in the extract were separated by Watman filter paper.
The smooth extract was transferred to the hot water bath
at 50°C and was dehydrated. After evaporation of the
water from the extract, the extracts were transferred to
dark glass containers and kept at 20°C until the
experiments were performed.

Experimental design and treatments: Four cut
flowers were placed in plastic pots and pulse treated
with peppermint and rose extracts. The experiment was
done based on a completely randomized block design
with three replications, 21 plots and 4 flowers per plot.

Treatments included 10, 20 and 30% of both of
peppermint and rose extracts. Data were analyzed by
MSTATC statistical software package and means were
compared with the Least Significant Difference (LSD)
test.

Measurement of traits, vase life: Evaluation of the
retention or flowering vase life of cut flowers from the
beginning of the treatment to the aging of the flower and
yellowish and abscission of leaves was performed
(Mensuali Sodi and Ferrante, 2005).

Water uptake: According to the initial volume of
vase solution (500 mg.L™) and the evaporation rate in
the room and reducing the volume of the vase solution,
water absorption was calculated from the following

formula (Mohammadi and Hashemabadi, 2016):

Absorption of the solution (mL.g-1F.W.)
300 - (Residual solution at the end of flower life + Average room evaporation)

Average fresh weight of 5 cut flowers

Increase of fresh weight: With respect to the final
weight of flower on the last day, recuts weight, loss of
weight and weight of first day, increase in fresh weight
was calculated by the following equation (Mohammadi
and Hashemabadi, 2016):

Fresh weight (g)increase
= (weight loss + weight of recuts + final weight at last day of control life flowers
— initial weight

Percentage of dry matter: At the end of vase life,
fresh weight of flowers was measured and then dried
out at 70°C for 48 h. To ensure complete drying, cut
flowers were weighed and their dry matter percentage
was calculated by calculating dry matter percentages
according to following formula (Mohammadi and
Hashemabadi, 2016):

Dry weight
Dry matter (34) = y 5

> 100
Fresh weight at the end of vase life

Decrease of Brix degree: To do this, small cuts at
the ends of the stem were used. One or two drops of
water in the mentioned pieces were poured on a glass
plate of refractometer, N-1a model, ATAGO, Japan and
its Brix degree was read and by subtracting the last day
Brix degree from the first day Brix degree, the Brix
degree decrease was calculated.

Bacterial counting at the stem end: The 24 hours
after the application of treatments, the stem ends (about
2 cm) were cut. They were rinsed with distilled water
followed by extracting with 0.9% normal saline serum.
Then, 0.1 mL of the solution was cultured on agar and
was put in an incubator at 37°C for 24 h. Then, bacteria
colonies were counted by a microscope (Liu et al.,
2009).

Bacterial counting at the preservative solution:
The 24 h after applying the desired treatments, the water
solution inside the pot was sampled and diluted with
0.9% normal saline solution to deliver 30 to 300
bacterial colonies per Petri dish. 0.1 ml of the above
solution was expanded on agar and bacterial colonies
were counted 24 h after incubation at 37°C (Oraee et al.,
2011).

Petal carotenoid: To measure carotenoids, the
petals were separated on the fifth day of the experiment
and wrapped in foil, and then the carotenoid
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Fig. 1. An Alstroemeria ‘Bali’ flower used as cut flower.

measurement was performed using the Mazumdar
and Majumdar (2003) method.

Chlorophyll a, b and total chlorophyll: To
measure chlorophylls, the petals were separated on the
fifth day of the experiment and wrapped in foil, and
then the chlorophyll a, b and total chlorophyll
measurement were performed using the Mazumdar and
Majumdar (2003) method.

lonic leakage: The 5 g of leaves from each plot with
50 ml of double distilled water were placed in closed
containers at laboratory temperature for 24 h and then
its EC; was calculated by EC-meter. In the next step, to
measure EC,, 0.5 g of leaves was frozen for 24 h and
then the leaves were again at room temperature for 24 h
and then the numbers were read with EC-meter. The
following formula was used to determine ion
leakage(Ben Hamed et al., 2007):
lonic leakage = ECy / EC, x 100

Flower opening index: The following equation
(Mohammadi and Hashemabadi, 2016) was used to
measure this index.

Flower opening index
= (closed flower number of last day + opened flower number of last day)
+ (closed flower number of first day + opened flower number of first day)

Data analysis: Data analysis and means comparison
were carried out using MSTATC software and LSD test,
respectively.

Results and discussion

Based on the analysis of variance the effect of
peppermint and rose extracts was statistically significant
at the level of 1% on all the measured parameters of
Alstroemeria flower (data not shown).

Vase life: Regarding vase life, comparison of the
mean data showed that all treatments increased vase life
compared to the control, so that the treatments of 10%
peppermint extract (24.67 days) and 30% rose extract
(24.67) had the longest vase life that there was no
significant difference with each other and with 10% rose
and 30% mint treatments, but there was a significant
difference with other treatments (Table 1). In a study,
the effect of some plant essential oils (clove, cinnamon,
ginger, marjoram and fennel) on the vase life of
gladiolus, it was found that the essential oils reduced the

microbial load, prevented the decomposition of the spike
base and florets, and increased the vase life (Hegazi and
Gan, 2009). Similar results on the positive effect of
disinfectant compounds on vase life have been reported by
Hashemi et al. (2011), Bayat et al. (2011), Ghaleh Shakhani
et al. (2011), which is consistent with the results of the
present study. Mousavi Bazaz et al. (2011) also reported
that the use of peppermint essential oil with a concentration
of 50 mg/l increased the vase life of Alstroemeria by 2.03
days, which is consistent with the findings of the present
study.

Fresh and dry weights: Regarding the fresh weight of
the plant, mean comparison of the data showed that all
treatments increased the fresh weight compared to the
control and the highest fresh weight (103.4 g) was related to
the treatment of 10% rose which had no significant
difference with 30% rose treatment, and 20 and 30% mint
(Table 1). Mousavi Bazar and Tehranifar (2011) reported
improvement in fresh weight of cut Alstroemeria flowers
using plant essential oils in vase solution. The use of plant
essential oils in the preservative solution of cut rose cv.
Grand flowers increased fresh weight by improving water
relations (Shanan, 2012). Application of 500 mg/I essential
oil of Corum copticum increased the fresh weight of cut
rose flowers compared to the control (Jalili Marandi et al.,
2011). The results of the above findings were consistent
with the present study.

Regarding the dry weight of the plant, mean comparison
of the treatments showed that the highest increase in dry
weight of the plant (13.97 g) belonged to 30% rose
treatment, which was not significantly different from 10%
peppermint and 10% rose extract treatments, but showed a
significant difference with other treatments (Table 1).
Preventing increased respiration and thus reducing the
consumption of sugars ramped up dry matter. In addition to
the above, antimicrobial compounds ramped up the
maintenance and improvement of water relations by
controlling soluble microorganisms in the vase solution and
stem, and ramped up fresh and dry weight, which in turn
will affect the dry matter (Hashemabadi, 2011; Blankenship
and Dole, 2003). The use of plant essential oils in the
preservative solution of cut gladiolus flower increased
the amount of carbohydrates in this cut flower (Hegazi
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Table 1. Mean comparison of the effect of peppermint and rose extracts on measured traits

Vase life Fre_esh D_ry Water Soluti_on Stem e_end lonic

Treatments (day) weight weight uptake bacterium bacterium leakage

o) (mg/g F.W.) (Logio CFU mlY) (%)

Control 20.67°¢ 60.97° 12.44¢ 1.544 30.002 56.672 8.672
Peppermint extract 10% 24,672 69.27° 13.228¢ 1.802 4.00°¢ 5.00¢ 4.29f
Peppermint extract 20% 21.67% 89.312 12.85b¢ 1.77° 11.672% 43.33° 6.93°
Peppermint extract 30% 23.33%® 97.482 11.449 1.77° 9.00% 15.00¢ 5.98¢
Rose extract 10% 23.00%® 103.42 13.55% 1.77° 9.332 37.00° 6.14°¢
Rose extract 20% 21.00¢ 71.11° 12.46° 1.70° 15.00% 45,00° 8.512
Rose extract 30% 24,672 92.19? 13.972 1.71°¢ 4.30¢ 5.33¢ 4.55¢

In each column, means with the similar letters are not significantly different at 5% probably level based on LSD test

and Gan, 2009). Examining the effects of antimicrobial
and anti-ethylene compounds on cut monkey flowers
showed that these compounds ramped up the amount of
carbohydrates compared to the control (Abdul-Wasea,
2012). Basiri et al. (2011) reported the positive effect of
antimicrobial compounds on increasing the dry matter
content of cut clove flowers. These findings are
consistent with the results of the current study.

Water uptake: Regarding water uptake, the results
of comparing the mean of the data showed that all
treatments had more water uptake than the control and
10% mint extract treatment had the highest amount of
water uptake, which was significantly different from all
other treatments (Table 1). Jalili Marandi et al. (2011)
reported that the use of safflower and coriander essential
oils increased water uptake in cut rose flowers
compared to the control. Anjum et al. (2001) believed
that adding disinfectants to vase solutions can inhibit the
growth of microbes and increase water absorption.
Meman and Dabhi (2006) reported the maximum
solution uptake during the vase life of gerbera cut
flowers in disinfected treatments with 4% sucrose. The
use of 100 mg/l of peppermint essential oil in cut
Alstroemeria flower solution improved the water
relations and as a result increased water absorption and
increased vase life as well. Shanan (2012) reported that
plant essential oils improved water absorption in cut
rose flowers by preventing vascular occlusion. All these
findings confirm the results of the present study.

Bacterial population: Regarding the bacterial
population, the results of mean comparison showed that
the above treatments reduced the bacterial population in
vase solution compared to the control that 10% mint and
30% rose treatments showed the greatest effect in
reducing the bacterial population (Table 1).
Accordingly, all the treatments studied reduced the
bacterial population at the bottom of the stem compared
to the control that 10% mint and 30% rose treatments
showed the greatest effect in reducing the bacterial
population and had a significant difference with other
treatments. Antimicrobial activity of plant essential oils
with its antimicrobial effect on pathogens and
dysfunction of the respiratory chain of pathogens
prevented the activity of microbes and eventually causes
their death (Solgi et al., 2009). Hatami et al. (2012)
believed that disinfectant treatments in vase solution
with their antimicrobial effects reduced the activity of

microorganisms and thus maintain water relations and
ultimately increased the vase life of cut flowers, which
were consistent with the results of the present study.

lon leakage: The results of mean comparison
showed that all the treatments studied reduced ion
leakage compared to the control. The highest effect on
reducing ion leakage was obtained from 10% mint
treatment, which had a significant difference with all
other treatments, and the lowest effect belonged to 20%
rose extract treatment, which did not show a significant
difference with the control (Table 1). In a study it was
found that the use of extracts such as cumin, garlic,
cinnamon and orange reduced ion leakage in Narcissus
flower (Khisheh, 2016). It was also shown that the use
of clove and cinnamon essential oils reduced ion
leakage in pomegranates treated with these essential oils
(Ghafouri et al., 2016). These findings confirmed the
results of the present study.

Brix degree: Mean comparison showed that all the
studied treatments improved the Brix compared to the
control. Least amount was related to 10% peppermint
extract and most amounts related to the treatments 20%
peppermint extract, 10 and 30% rose extract (Table 2).
Improvement of Brix could be due to the storage and
accumulation of carbohydrates, which reduced
respiration in cut flowers (Bartoli et al., 1997). The
researchers also believed that the use of antimicrobial
compounds increased the Brix. The use of compounds
that prolong the vase life increases the Brix compared to
the control in cut gerbera flowers (Di, 2008).
Maintaining or increasing the Brix in the stem of cut
flowers can be attributed to the continuous re-cuts of the
flower under water and its relationship with other traits
such as water uptake that affect the amount of
carbohydrates in the stem (Hashemabadi, 2011). These
findings were consistent with the present study.

Flower opening: Regarding the flower opening
process, the mean comparison of the data showed that
the highest value was related to 10% rose extract
treatment which was significantly different from other
treatments and the lowest value was related to 20%
peppermint extract which had significant difference
with control and 30% rose extract treatment (Table 2).

Treatment of cut Dianthus flowers using ethanol and
methanol showed that the relative fresh weight and
relative development of flowers had a positive and
significant correlation with vase life (Sani et al., 2010).
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Table 2. Mean comparison of the effect of peppermint and rose extracts on measured traits

79

Treatments Decrease of Flower Carotenoid  Chlorophylla  Chlorophyll b Total chlorophyll
°Brix openin /g F.W.
(%) p?ocesg (ve'e : (mg/g F.W.)

Control 0.30¢d 0.45% 0.016Pcd 3.964 1.92¢ 5.88¢
Peppermint extract 10% 0.39¢ 0.49° 0.033%® 3.68¢ 1.61¢ 5.30¢
Peppermint extract 20% 1.162 0.43¢ 0.005¢ 4,57° 1.79¢ 6.36°
Peppermint extract 30% 0.74° 0.49° 0.0422 3.448 1.289 4,729

Rose extract 10% 1.352 0.562 0.009« 4.26¢ 1.98° 6.23¢
Rose extract 20% 0.47¢ 0.49° 0.0243b¢ 5.772 2.592 8.352
Rose extract 30% 1.352 0.46% 0.018Pcd 3.48f 1.43f 4.91f

In each column, means with the similar letters are not significantly different at 5% probably level based on LSD test

The use of rosemary and thyme essential oils had a
positive and significant effect on the opening of cut
roses (Hosseini Darvishan et al., 2012). Evaluation of
the effect of coriander and savory essential oils showed
that the use of these disinfectants improved the opening
index of cut rose flowers compared to the control (Jalili
Marandi et al., 2011). These results are consistent with
the results of the present study on the effect of plant
essential oils in improving the opening index of cut
flowers.

Pigments contents: The highest amount of
carotenoids was related to the treatment of 30% mint
extract, which was not significantly different from the
treatments of 10% mint and 20% rose and the lowest
amount was related to the treatment of 20% mint extract
(Table 2). One of the main and determining indicators in
the quality after harvest of cut flowers and their
marketing is the presence of pigment in the petals of the
plant. Carotenoids and anthocyanins are among the most
important pigments that are important in the survival of
cut flowers (Hassanpour Asil and Karimi, 2010;
Amarjit, 2000). Kazemi and Ameri (2012) showed that
the disinfectant compounds were effective in preserving
cut Dianthus flower pigments. The use of disinfectants
in low concentrations increased the amount of pigment
in cut gladiolus flowers (Mohammadi et al., 2011).
Treatment of 10 mg/l silver Nanoparticles together with
50 mg/l thyme essential oil with 4% sucrose had the
highest amount of carotenoids in cut lilium flowers
(Tahmasbi Notorki et al., 2012). Zamani et al. (2011)
reported the use of flower-extending agents on
maintaining and increasing the amount of pigments in
cut chrysanthemums. These findings were consistent
with the results of the present study.

Mean comparison of the data showed that the
highest amount of chlorophyll a, b and total chlorophyll
was related to 20% rose treatment, which was
significantly different from all treatments. The lowest
amount of chlorophyll a, b and total chlorophyll
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Conclusion

In this study, 30% rose extract treatment was better than
other treatments and had the highest vase life, Brix, and
fresh and dry weights. Furthermore, treatment of 10%
peppermint was useful in reducing the bacterial
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