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adaptability, it is in high demand worldwide for green-
house cultivation [3]. Gerbera flower varieties are gener-
ally classified into standard and small sizes. In standard 
varieties, flower diameters range from 10 to 13 cm, while 
some varieties can reach up to 15 cm in flower diameter 
[4]. Globally, Gerbera ranks fifth in the cut flower market 
[5].

The vase life of cut flowers is a very important charac-
teristic that determines their quality and the satisfaction 
level of consumers who purchase them [6, 7]. It is also 
known that cut gerberas show low sensitivity to ethyl-
ene [8]. Stem bending (scape bending), flower abscission, 
petal wilting, and other defects are also believed to reduce 

Introduction
 Gerbera jamesonii is an important cut flower species 
belonging to the Asteraceae family [1]. It is a very popular 
cut flower species with double, semi-double, and single 
flowers [2]. The flower structure consists of a composite 
containing three types of rays, trans, and disk flowers. 
Due to its color variety, flower size, long life, and wide 
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Abstract
The post-harvest quality and vase life of cut gerbera (Gerbera jamesonii Bolus ex. Hooker) flowers are critical quality 
parameters that affect their marketability and consumer satisfaction. This study was conducted to determine the 
effects of vase solutions containing different ratios of lysophosphatidyl ethanolamine (LPE), streptomycin, citric 
acid, and sucrose on vase life, water uptake, fresh weight change, phenolic compounds, and oxidative stress 
responses. In addition to morphological parameters, biochemical markers such as superoxide dismutase (SOD), 
peroxidase (POD), catalase (CAT), and malondialdehyde (MDA) were examined to evaluate the antioxidant defense 
mechanisms in the flowers. Among the treatments, the T9 group (1 ppm LPE + 200 mg L−1 streptomycin + 200 mg 
L−1 citric acid + 5% sucrose) and the T10 group (2 ppm LPE + 200 mg L−1 streptomycin + 200 mg L−1 citric acid + 5% 
sucrose) stood out as the most effective treatments, exhibiting the highest vase life, water uptake, and lowest MDA 
content. In contrast, the highest POD and MDA levels were detected in the T6 treatment (2 ppm LPE). Although no 
statistically significant difference was observed in CAT activity, the high average values in the 200 mg L−1 citric acid 
treatment (T4) suggest that it may play a role in H2O2 detoxification. Additionally, increases in secondary metabolite 
levels such as phenolic compounds, flavonoids, anthocyanins, and total antioxidant activity were observed 
throughout the vase life, indicating that the plant synthesizes these compounds as a defense against oxidative 
stress during the aging process. The findings suggest that LPE, when used in combination with antibacterial 
and metabolic support agents, offers an effective strategy for extending the vase life of cut flowers by reducing 
oxidative damage.
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the ornamental value of cut gerberas [9]. In particular, 
stem bending is an important factor that shortens vase 
life [10–12]. The post-harvest longevity of cut flowers 
depends on various physiological and biochemical factors 
[13]. Inhibiting bacterial growth in vase water can reduce 
the incidence of stem bending, suggesting that bacteria 
are the primary cause of this defect [14]. One of the phys-
iological effects is temperature, which is one of the most 
important factors affecting cut flowers. Post-harvest low-
temperature treatment slows down metabolic processes 
such as respiration and transpiration, thereby reducing 
the activity of carbohydrate and other substance reserves, 
water, ethylene production, and microorganisms [15–20]. 
Consequently, the lifespan of flowers is extended, which 
enhances the marketing potential of the products. This is 
particularly important for short-lived cut flower species 
[21, 22]. Another important factor affecting post-harvest 
quality is the composition of the vase solution in which 
the flowers are placed. Sugars and antibacterial agents are 
two essential components of vase solutions. Sugars are an 
important part of flower nutrition and provide cut stems 
with the necessary carbohydrates to sustain metabolic 
processes and extend vase life. Sugars should be used in 
combination with antimicrobial compounds to prevent 
microbial buildup in solutions [23]. A new antibacterial 
compound, ‘streptomycin,’ has begun to take its place 
among the compounds used to prevent microbial growth. 
Streptomycin is the first aminoglycoside antibiotic dis-
covered, originally isolated from the ‘Streptomyces gri-
seus’ bacterium [24]. Streptomycin belongs to a group of 
compounds known and produced as antibiotics. It inhib-
its the growth and development of microorganisms and 
may even result in their complete elimination [25, 26]. It 
has also been reported that streptomycin has additional 
activity against double aerobic gram-negative bacteria 
[24]. Another important factor is the intensity of ethyl-
ene synthesis, and as the intensity of ethylene synthesis 
increases, signs of aging in plants rapidly increase, lead-
ing to the rapid death of cut flowers. To prevent or mini-
mize this, the use of low-temperature treatment and/or 
a new substance containing the active ingredient Lyso-
phosphatidylethanolamine (LPE), which inhibits ethylene 
synthesis, is being considered. LPE is a natural product of 
membrane phospholipid metabolism. It is known to have 
significant effects on the quality of flowers, fruits, and 
other garden products [27]. Studies have provided evi-
dence that LPE accelerates the ripening of tomatoes and 
cranberries while also extending their shelf life [28, 29]. It 
has also been found that LPE treatment reduces the aging 
of leaves, fruits, and cut flowers [30–33]. Additionally, 
due to its natural properties, lack of residue issues, and 
effective improvement of quality characteristics in many 
fruits, vegetables, and ornamental plants, the impor-
tance of LPE is increasing day by day [34]. Studies on 

the use of LPE in cut flowers are limited. However, some 
research has demonstrated the positive effects of LPE in 
different species. For example, it has been reported that 
LPE treatments in carnations delay leaf senescence by 
preserving membrane integrity [35], increase the vase 
life of ‘Lavande’ and ‘Sensation’ roses [36], and suppress 
ethylene-induced senescence in snapdragon flowers [37]. 
These findings support the original contribution of our 
study regarding LPE treatments in cut flowers.

Studies aimed at extending the vase life of cut flow-
ers have increased in recent years. However, literature 
reviews reveal that research on the use of LPE and Strep-
tomycin alone or in combination in ornamental plants 
is limited. Therefore, this study was conducted to deter-
mine the effects of different vase solutions on the post-
harvest vase life and quality criteria of Gerbera jamesonii 
flowers.

Materials and methods
Plant material
Gerbera (Gerbera jamesonii L.) flowers used in this study 
were obtained from a commercial greenhouse produc-
ing Gerbera. Harvesting was done early in the morning 
and care was taken to ensure that the plants were healthy, 
homogeneous and had two rows of male organs [38].

Experimental design and treatments
Harvested flowers were transported to the laboratory in 
buckets filled with water. For preliminary water absorp-
tion treatments, all plants were kept in water for 6 h 
under room conditions. The experimental design of the 
experiment (at the end of the 6th hour in the environ-
ment, plants were kept under room conditions, and qual-
ity parameters were then analyzed) is as follows (Fig. 1):

Gerbera cut flowers were all cut into 40 cm length and 
placed into eleven different vase solutions containing 
LPE (Flora Q+, Nutra-Park, Republic of Korea) strep-
tomycin (Sigma-Aldrich), citric acid (Merck, Millipore 
Corporation) and sugar-supplemented (Merck, Millipore 
Corporation) combinations (Table 1). The content of all 
vase solutions was determined as 500 mL.

Vase life (day)
Vase life is defined as the number of days from the day 
the flowers were placed into the vase (onset) to the day 
when the flowers were wilting and/or the flower stalk is 
bent more than 90º [39].

Relative fresh weight (RFW)
Relative fresh weight (RFW) was measured on day 0 
(onset) and on days 2, 4, 6 and 8 following the initiation 
of experiments. Calculations were made with the use of 
the following equation [40]:
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	 RFW (%) = (Wt/Wt0) × 100

Wt: Stalk weight at day t (2, 4, 6, etc.)
Wt0 = Stalk weight at day 0.

Daily vase solution uptake (DVSU)
Daily vase solution uptake was calculated with the use of 
the following equation [41]:

	 DVSU = (WSt − 1) − (WSt)

WSt-1 = Previous day weight of vase solution.
WSt = Weight of vase solution on day t (2, 4, 6, etc.).

Total vase solution uptake (TVSU)
Total vase solution uptake was calculated with the use of 
the following equation [41]:

	 TVSU = A − B

 A: Weight of vase solution at onset
 B: Weight of vase solution at the end of vase life.

Determination of bioactive compounds in flower petals
Fifteen petals were selected from each flower for bioac-
tive compounds, and these petals were collected on the 
sixth day. These petals were then homogenized with a 
homogenator. The homogenates were placed in 3 differ-
ent tubes and stored at −20 °C for bioactive analyses. The 
samples were melted at room temperature (≈ 21 °C) and 
homogenized in a mixer. The obtained samples were cen-
trifuged at 4 °C for 30 min (12,000 g). Freshly obtained 
petal samples were divided into multiple aliquots to 
dilute with distilled water. Phenolics were refrozen at 
−20 °C until used in anthocyanin and antioxidant assay 
procedures.

Total phenolics
Total phenolic content was measured according to the 
procedure described by Singleton and Rossi [42]. Briefly, 
the extract of petals was extracted with a buffer contain-
ing acetone, water and acetic acid (70:29.5:0.5 v/v) for 
2 h in the dark. Samples were repeated four times. The 
extracts were mixed with Folin-Ciocalteu phenol reagent 

Table 1  Vase solutions and concentrations 
Treatment Concentration
T1: Distilled water (Control) (mL) -
T2: Sugar (%) 5
T3: Streptomycin (mg L−1) 200
T4: Citric Acid (mg L−1) 200
T5: LPE (ppm) 1
T6: LPE (ppm) 2
T7: LPE (ppm) 4
T8: Streptomycin (mg L−1) + Citric Acid (mg 
L−1) + Sugar (%)

200 + 200 + 5

T9: LPE (mL L−1) + Streptomycin (mL L−1) + Citric Acid 
(mL L−1) + Sugar (%)

1 + 200 + 200 + 5

T10: LPE (mL L−1) + Streptomycin (mL L−1) + Citric Acid 
(mL L−1) + Sugar (%)

2 + 200 + 200 + 5

T11: LPE (mL L−1) + Streptomycin (mL L−1) + Citric Acid 
(mL L−1) + Sugar (%)

4 + 200 + 200 + 5

Fig. 1  An image of the work plan
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and water and incubated in the chamber for 8 min, fol-
lowed by the addition of 7% sodium carbonate. After 2 h, 
the absorbance at 750 nm was measured on an automatic 
UV-vis spectrophotometer (Model T60U, PG Instru-
ments). Results are expressed as micrograms (µg) of gal-
lic acid equivalent (GAE) g−1 fresh weight (fw).

Total flavonoids
Total flavonoid content was measured according to the 
procedure described by Zhishen et al. [43]. Absorbances 
were determined at a wavelength of 510 nm. The results 
were expressed as milligrams (mg) catechin equivalent 
(CE) L−1 fresh weight (fw).

Antioxidant capacity test
The samples were dissolved in 10 mmol L−1 ABTS 
(2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid) 
acetate buffer and mixed with potassium per sulphate 
[44]. The mixture was diluted to an absorbance of 0.700 
± 0.01 at 734 nm using acidic medium of 20 mM sodium 
acetate buffer (pH 4.5) for longer stability. For spectro-
photometric analysis, 2.90 mL ABTS + solution and 100 
µL petal extract were mixed and incubated for 10 min 
at room temperature in the dark. Absorbance was then 
determined at 734 nm. The results were expressed as 
µmol trolox equivalent (TE) g−1 fw.

Total monomeric anthocyanin
Total anthocyanin levels were measured using the pH 
difference method described by Giusti and Wrolstad 
[45]. Sample extracts were combined in separate dishes 
with potassium chloride and sodium acetate buffers (pH 
1.0 and 4.5, respectively) in a 1:20 ratio (h: v). After an 
equilibration time (15 min), the raw absorbance of each 
solution was measured at 533 and 700 nm. The corrected 
absorbance value was calculated as [(A520-A700) pH 
1.0-(A520-A700) pH 4.5]. Anthocyanin content was cal-
culated using the molar absorptivity (є) and molecular 
weights (MW) of cyanidin 3-glycoside (є = 26.900; MW = 
449.2). Results are expressed as micrograms (µg) of cyan-
idin 3-glucoside equivalents (µg cy-3-glu g−1 fw).

Determination of antioxidant enzyme analyses in flower 
petals
During the vase life of gerbera petals, antioxidant enzyme 
analyses were determined; peroxidase (POD), superox-
ide dismutase (SOD), malondialdehyde (MDA) content 
to detect lipid peroxidation, and catalase (CAT) were 
measured.

Peroxidase (POD)
Peroxidase enzyme activity was measured using a 
method modified from Change and Maehly [46] and 
Pourzarnegar et al. [47]. Peroxidase enzyme activity was 

determined based on the oxidation of guaiacol to tetra-
guaiacol in the presence of hydrogen peroxide. The reac-
tion solution was prepared to contain 50 mM potassium 
phosphate buffer (pH 6.5), 20 mM guaiacol, and 20 mM 
H2O2. For analysis, 0.2 mL of enzyme extract was added 
to 2.5 mL of the reaction solution to initiate the reaction. 
The absorbance change was monitored at 470 nm wave-
length for 1 min using a spectrophotometer. Activity was 
expressed as U g−1 fresh weight based on the increase in 
absorbance over 1 min.

Superoxide dismutase (SOD)
Changes in SOD activity were determined by the inhibi-
tion of nitroblue tetrazolium (NBT) at a wavelength of 
560 nm. The reaction solution consisted of a mixture of 
50 mM Na-phosphate buffer (Na2HPO4·2H2O), 0.1 mM 
Na-EDTA, 33 µM NBT, 5 µM riboflavin, and 13 mM 
methionine (pH = 7.0). 2.5 ml of reaction solution was 
mixed with 0.1 ml of cherry extract. The reaction was 
carried out at 25 °C under light at 75 µmol m−2 s−1 (40 
W) for 10 min. The control solution was incubated in the 
dark without enzyme for the same duration. The control 
and reaction solutions were read at 560 nm. SOD activity 
was determined as the activity that reduced 50% of NBT 
[48, 49].

Malondialdehyde (MDA)
Malondialdehyde (MDA) content was determined to 
detect lipid peroxidation in samples taken from the pet-
als of Gerbera flowers throughout their vase life. A 0.5 
g sample taken from the petals of Gerbera flowers was 
homogenized with 10 ml of 0.1% trichloroacetic acid 
(TCA), and the homogenate was centrifuged at 12,000 
rpm for 10 min. One milliliter of the supernatant was 
taken and mixed with 4 ml of 20% TCA solution con-
taining 0.5% thiobarbituric acid (TBA). The mixture was 
incubated at 95 °C for 30 min, then rapidly cooled in an 
ice bath. The malondialdehyde (MDA) content was calcu-
lated using the following equation after determining the 
absorbance at 532 and 600 nm wavelengths [49].

MDA (nmol ml−1) = [(A532-A600)/155.000]106.

Catalase (CAT)
The catalase activity of Gerbera petals throughout their 
vase life was determined by monitoring the disappear-
ance of H2O2 at a wavelength of 240 nm. A reaction solu-
tion consisting of 0.05 M phosphate buffer (KH₂PO₄) and 
1.5 mM H₂O₂ was used (pH = 7.0). 2.5 mL of reaction 
solution was mixed with 0.2 mL of cherry extract. Read-
ings were taken at 240 nm wavelength at 0 and 60 s using 
a spectrophotometer. The reaction was initiated by add-
ing 0.2 mL of enzyme extract. The evaluation was per-
formed by considering the change in absorbance within 
1 min [48, 49].
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Statistical analysis
The experiments were conducted in a randomized exper-
imental design with three replications, and three cut 
flowers were used in each replication [50]. Vase life was 
measured daily and other parameters were measured 
every two days. The results obtained were evaluated by 
analysis of variance (ANOVA) in SPSS (IBM SPSS Statis-
tics for Windows, Version 26.0. Armonk, NY: IBM Corp.) 
statistical program. Duncan multiple comparison test 
was applied to determine the significance of the differ-
ences between treatments.

Results
Relative fresh weight changes in gerbera plants in the 
room conditions were found to be significant. As of 
the 8th day, the highest relative fresh weight value was 
recorded in T9 (1 ppm LPE + 200 mg L−1 Streptomy-
cin + 200 mg L−1 Citric acid + 5% Sugar) (103.57%), which 
did not fall below the initial weight value proportionally. 
The highest loss (17.57%) compared to the initial weight 
ratio was found in T1 (Control) treatment (82.43%). In 
the first environment, the effects of 11 different treat-
ments on daily vase solution uptake in gerbera plants 
were found to be significant. As of day 6–8, the highest 
daily vase solution uptake was measured in T9 treat-
ment (1 ppm LPE + 200 mg L−1 Streptomycin + 200 mg 
L−1 Citric acid + 5% Sugar) (9.74 mL). From the 2nd day 
onwards, daily vase solution uptake started to decrease. 
As of day 6–8, the lowest daily vase solution intake was 
measured in T7 (4 ppm LPE) treatment (4.97 mL). In 
general, the daily vase solution uptake was the highest 
on days 2–4, while the daily solution uptake decreased 
steadily in the following measurements. In the first stage, 
the effect of treatments on vase life was found to be sta-
tistically significant. The highest vase life was found in T9 
treatment (1 ppm LPE + 200 mg L−1 Streptomycin + 200 
mg L−1 Citric acid + 5% Sugar) (10.81 days) and the low-
est vase life was found in T7 treatment (4 ppm LPE) (6.67 
days). The data obtained in total vase solution uptake in 
the first stage were found to be significant. The highest 
vase solution uptake was recorded in T9 treatment (1 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Citric 
acid + 5% Sugar) (67.72 mL) and the lowest vase solu-
tion uptake was recorded in T7 (4 ppm LPE) treatment 
(38.31 mL). These results also reflected the effects on 
vase life. With the increase in daily vase solution intake, 
the highest total vase solution intake was recorded in T9 
treatment (1 ppm LPE + 200 mg L−1 Streptomycin + 200 
mg L−1 Citric acid + 5% Sugar). The highest vase life was 
also recorded in the T9 treatment and is also reflected in 
the visuals (Figs. 2, 3 and 4). There were significant dif-
ferences in vase life among the 11 different treatments 
(p < 0.001). The longest vase life (13.77 days) was obtained 
from treatment T7 (4 ppm LPE), while the shortest 

vase life (8.22 days) was obtained from treatment T1 
(Control).

pH changes
Significant changes were observed between the initial 
and final pH values of the vase solutions belonging to 
different treatments. The initial pH values ranged from 
3.40 to 7.30, with the lowest pH measured at 3.40 in the 
T4 (200 mg L−1 Citric acid) and T6 (2 ppm LPE) treat-
ments. The highest initial pH value was detected in the 
T5 (1 ppm LPE), T8 (200 mg L−1 Streptomycin + 200 mg 
L−1 Citric acid + 5% Sugar), and T10 (2 ppm LPE + 200 
mg L−1 Streptomycin + 200 mg L−1 Citric acid + 5% Sugar)
groups, ranging from 7.20 to 7.30. In general, a decrease 
in pH was observed in all treatments; the most pro-
nounced decrease occurred in the T2 (5% Sugar) group, 
where the pH value dropped from 5.40 to 2.40. This situ-
ation is thought to be due to the sugar content promoting 
microbial growth, causing the solution to become acidic. 
In treatments containing combinations such as T9 (1 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Citric 
acid + 5% Sugar), T10 (2 ppm LPE + 200 mg L−1 Strepto-
mycin + 200 mg L−1 Citric acid + 5% Sugar), and T11 (4 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Citric 
acid + 5% Sugar), despite the high initial pH, the values 
after the first change remained in the range of 6.42–6.87. 
The limited pH decrease in these groups suggests that 
the solution provides a more stable environment from a 
microbial perspective. Overall, the treatments with the 
most stable pH values were T5 (1 ppm LPE) and T10 (2 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Cit-
ric acid + 5% Sugar), while the greatest pH decrease was 
recorded in the T2 group (Fig. 5).

The effects of different treatments on total phenol (µg 
GAE g−1 fw), total flavonoids (mg KE L−1 fw), total mono-
meric anthocyanin (µg cy-3-glu g−1 fw) and total anti-
oxidant activity (µmol TE g−1 fw) in gerbera petals were 
statistically significant. On the 6th day, the highest total 
phenol (4241.12), the highest total flavonoid (1306.67), 
the highest total monomeric anthocyanin (621.20) and 
the highest total antioxidant activity (84.96) were deter-
mined in T4 treatment (200 mg L−1 Citric acid). The 
lowest total phenol (1771.12), total flavonoid (525.19), 
total monomeric anthocyanin (242.69) amounts were 
recorded in T3 treatment (200 mg L−1 Streptomycin), 
while total antioxidant activity (66.21) was measured in 
T2 treatment (5% Sugar) (Fig. 6).

In this study, the effects of different treatments on 
the antioxidant enzyme activities of peroxidase (POD), 
superoxide dismutase (SOD), catalase (CAT), and malo-
ndialdehyde (MDA) levels, which are oxidative stress 
indicators, in Gerbera jamesonii petals were investigated. 
POD (Peroxidase) activity showed significant differences 
depending on the treatment (p < 0.001). The lowest POD 
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Fig. 2  Effects of different treatments on daily vase solution uptake (mL), relative fresh weight change (%), vase life (days), and total vase solution uptake 
in cut Gerbera jamesonii flowers. T1: Control (Distilled water); T2: Sugar (5%); T3: Streptomycin (200 mg L−1); T4: Citric acid (200 mg L−1); T5: LPE (1 ppm); T6: 
LPE (2 ppm); T7: LPE (4 ppm); T8: Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T9: LPE (1 ppm) + Streptomycin + Citric acid + Sugar 
(200 mg L−1 + 200 mg L−1 + 5%); T10: LPE (2 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T11: LPE (4 ppm) + Streptomy-
cin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%). The columns represent means, and the bars represent standard errors of the three replicates, * 
p < 0.05, ** p < 0.001
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Fig. 4  Effects of different treatments on the vase life of cut Gerbera jamesonii flowers (6th day) (continued from previous page). T1: Control (Distilled 
water); T2: Sugar (5%); T3: Streptomycin (200 mg L−1); T4: Citric acid (200 mg L−1); T5: LPE (1 ppm); T6: LPE (2 ppm); T7: LPE (4 ppm); T8: Streptomy-
cin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T9: LPE (1 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T10: LPE (2 
ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T11: LPE (4 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg 
L−1 + 5%)

 

Fig. 3  Effects of different treatments on the vase life of cut Gerbera jamesonii flowers (6th day). T1: Control (Distilled water); T2: Sugar (5%); T3: Streptomy-
cin (200 mg L−1); T4: Citric acid (200 mg L−1); T5: LPE (1 ppm); T6: LPE (2 ppm); T7: LPE (4 ppm); T8: Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg 
L−1 + 5%); T9: LPE (1 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T10: LPE (2 ppm) + Streptomycin + Citric acid + Sugar (200 
mg L−1 + 200 mg L−1 + 5%); T11: LPE (4 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%)

 



Page 8 of 14Alkaç and Saraçoğlu BMC Plant Biology         (2025) 25:1684 

levels were observed in the T2 (5% Sugar; 8.70 U g−1 FW) 
and T11 (4 ppm LPE + 200 mg L−1 Streptomycin + 200 mg 
L−1 Citric acid + 5% Sugar; 9.40 U g−¹ FW) treatments, 
and these groups were statistically grouped together in 
the same subgroup. The highest POD values were mea-
sured in the T7 (4 ppm LPE; 40.40 U g−1 FW) and T6 (2 
ppm LPE; 35.63 U g−1 FW) treatments, and these two 
treatments were statistically different from each other. 
These findings indicate that medium and high-dose LPE 
treatments significantly increase POD activity. Statisti-
cally significant differences were also found between 
the treatments in terms of SOD (superoxide dismutase) 
activity (p < 0.001). The lowest SOD activity was observed 
in the T6 treatment (2 ppm LPE; 57.17 U g−1 FW). In 
contrast, the highest SOD levels were measured in the 
T10 (2 ppm LPE + 200 mg L−1 Streptomycin + 200 mg 
L−1 Citric acid + 5% Sugar; 222.17 U g−1 FW) and T11 (4 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Cit-
ric acid + 5% Sugar; 196. 20 U g−1 FW) treatments, with 
these two treatments statistically belonging to the highest 
group. This finding indicates that combined treatments 
containing high doses of LPE significantly activate the 
SOD enzyme, whereas LPE alone at moderate doses may 
inhibit this enzyme. MDA (malondialdehyde) levels, an 
important parameter reflecting the effects of treatments 
on oxidative stress, showed significant differences in this 
study (p < 0.001). The lowest MDA levels were observed 
in the T10 (2 ppm LPE + 200 mg L−1 Streptomycin + 200 
mg L−1 Citric acid + 5% Sugar; 3.03 mM g−1 FW) and T3 
(200 mg L−1 Streptomycin; 4.07 mM g−1 FW) groups, 
which represented the statistically lowest oxidative dam-
age group. In contrast, the highest MDA values were 

observed in the T7 (4 ppm LPE; 16.37 mM g−1 FW) and 
T6 (2 ppm LPE; 15.40 mM g−1 FW) treatments, suggest-
ing that LPE may cause harmful effects when applied 
alone at high doses and may lead to oxidative damage in 
cell membranes by increasing lipid peroxidation.

When examined in terms of CAT (catalase) activity, 
only the T4 (200 mg L−1 Citric acid) treatment was found 
to show a significantly higher value. The high CAT activ-
ity measured in the T4 (200 mg L−1 Citric acid) group 
indicates that this treatment may be effective in the 
detoxification of reactive oxygen species such as hydro-
gen peroxide. No significant differences were observed 
among the other treatments, and these groups exhibited 
similar levels of low CAT activity (Fig. 7).

Discussion
This study contributes to the understanding of various 
physiological and biochemical factors affecting the vase 
life of cut Gerbera jamesonii flowers. Our research aimed 
to determine the effects of vase solutions containing dif-
ferent ratios of LPE, citric acid, sucrose, and streptomy-
cin on water uptake, fresh weight loss, and vase life of 
flowers. However, the effects of the treatments were not 
limited to morphological parameters; oxidative stress 
levels and defense system responses in flower petal tis-
sues were also evaluated through biochemical markers 
such as superoxide dismutase (SOD), peroxidase (POD), 
malondialdehyde (MDA) and catalase (CAT). The T9 (1 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−¹ Citric 
acid + 5% Sugar) treatment emerged as the most effec-
tive treatment, exhibiting the highest vase life and water 
uptake. This is reported to be due to streptomycin’s high 

Fig. 5  Initial and final pH changes of different vase solutions used in the study. T1: Control (Distilled water); T2: Sugar (5%); T3: Streptomycin (200 mg L−1); 
T4: Citric acid (200 mg L−1); T5: LPE (1 ppm); T6: LPE (2 ppm); T7: LPE (4 ppm); T8: Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T9: LPE 
(1 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T10: LPE (2 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg 
L−1 + 5%); T11: LPE (4 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%). The columns represent means, and the bars represent 
standard errors of the three replicates
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antibacterial activity, which is effective against both 
gram-positive and gram-negative bacteria [44]. The 
addition of streptomycin to vase solutions is thought to 
prevent bacterial blockage in the plant stem, with this 
effect increasing at higher doses. Al-Humaid [45] noted 
that the combination of 20% sugar and 250 ppm strep-
tomycin treatments extended vase life in ‘Rose Supreme’ 
and ‘Nova Lux’ varieties. Nair and Chung [50] reported 
that sucrose and antibacterial agents added to vase solu-
tions extended the vase life of cut flowers. Our findings 
in gerbera demonstrate that the combination of strep-
tomycin with LPE provides an additional contribution 
beyond streptomycin alone, highlighting the potential of 
LPE as a synergistic postharvest treatment. Similar find-
ings were obtained in this study, and it was observed that 
the combination of streptomycin, which has antibacterial 
properties, and sugar both prevented bacterial growth 

and nourished the plants. Additionally, other studies 
have indicated that biocides with antibacterial proper-
ties extend the vase life of gardenia flowers [51]. Li et al. 
[52] reported that silver nanoparticles with antibacterial 
properties reduce bacterial density and thus prevent bac-
terial formation on the stems of cut gladiolus ‘Eerde’ vari-
ety. Damunupola and Joyce [53] and Faragher et al. [54] 
emphasized that bactericides can have multiple effects 
and highlighted the importance of their mechanisms of 
action in plants. In the T7 treatment (4 ppm LPE), the 
vase life duration was the shortest, and it was identified 
as the lowest treatment in terms of daily and total vase 
solution uptake. On the 6th day, the highest total phe-
nol (4241.12), the highest total flavonoid (1306.67), the 
highest total monomeric anthocyanin (621.20), and the 
highest total antioxidant activity (84.96) were deter-
mined in the T4 treatment (200 mg L−1 Citric acid). The 

Fig. 6  Effects of different treatments on total phenol (µg GAE g−1 FW), total flavonoid (mg KE L−1 FW), total monomeric anthocyanin (µg Cy-3-glu g−1 
FW), and total antioxidant activity (µmol TE g−1 FW) in Gerbera jamesonii petals on day 6. T1: Control (Distilled water); T2: Sugar (5%); T3: Streptomycin (200 
mg L−1); T4: Citric acid (200 mg L−1); T5: LPE (1 ppm); T6: LPE (2 ppm); T7: LPE (4 ppm); T8: Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 
5%); T9: LPE (1 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T10: LPE (2 ppm) + Streptomycin + Citric acid + Sugar (200 mg 
L−1 + 200 mg L−1 + 5%); T11: LPE (4 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%). The columns represent means, and the bars 
represent standard errors of the three replicates, *p < 0.05, **: p < 0.001
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lowest total phenol (1771.12), total flavonoid (525.19), 
and total monomeric anthocyanin (242.69) amounts were 
recorded in the T3 treatment (200 mg L−1 Streptomycin), 
while total antioxidant activity (66.21) was measured in 
the T2 treatment (5% Sugar). An increase in phenolic 
content was observed throughout the vase life of Gerbera 
jamesonii petals. This can be explained by the plant syn-
thesizing phenolic compounds as a defense mechanism 
against oxidative stress [55]. To our knowledge, this is 
the first report demonstrating the effect of combining 
LPE with an antibacterial agent in gerbera. While strep-
tomycin alone has previously been reported to improve 
vase life in species such as rose, snapdragons and carna-
tion, no studies have investigated its combination with 
LPE. Our results therefore indicate a novel mechanism, 
suggesting that LPE may act synergistically with strep-
tomycin to enhance postharvest longevity. The preser-
vation of anthocyanins and the overall increase in TPC 
highlight the complex metabolic changes in the plant’s 
aging process. This trend can be interpreted as a stress 
response mechanism in which phenolic compounds are 
synthesized as part of the plant’s defense against oxida-
tive stress associated with aging. The increase in total 

flavonoid content (TFC) observed in Gerbera jamesonii 
leaves can be linked to several interrelated mechanisms. 
The increase in flavonoid production as a defense against 
oxidative stress associated with aging in plants may have 
triggered the activation of key enzymes such as phenyl-
alanine ammonia lyase (PAL) and chalcone synthase 
(CHS), leading to increased flavonoid synthesis [56]. 
In general, the high vase life and solution uptake have 
caused a decrease in biochemical content. This may be 
attributed to the decrease in vase life and subsequent 
stress on the plants due to reduced solution uptake. This, 
in turn, may have promoted an increase in biochemical 
content.

In this study, it was observed that streptomycin had 
a positive effect on the water uptake of Gerbera plants 
and yielded better results when combined with LPE 
(lysophosphatidyl ethanolamine) treatment. This effect 
is thought to stem from the synergistic effect of strep-
tomycin’s antibacterial properties and LPE’s mechanism 
of inhibiting ethylene synthesis. Thus, bacterial growth 
was inhibited and xylem blockage was reduced. It is also 
thought that the longer vase life provided by the T9 (1 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Citric 

Fig. 7  Effects of different treatments on peroxidase (POD), superoxide dismutase (SOD), and malondialdehyde (MDA) contents in the leaves of Gerbera 
jamesonii. T1: Control (Distilled water); T2: Sugar (5%); T3: Streptomycin (200 mg L−1); T4: Citric acid (200 mg L−1); T5: LPE (1 ppm); T6: LPE (2 ppm); T7: LPE 
(4 ppm); T8: Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T9: LPE (1 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 
mg L−1 + 5%); T10: LPE (2 ppm) + Streptomycin + Citric acid + Sugar (200 mg L−1 + 200 mg L−1 + 5%); T11: LPE (4 ppm) + Streptomycin + Citric acid + Sugar 
(200 mg L−1 + 200 mg L−1 + 5%). The columns represent means, and the bars represent standard errors of the three replicates, *p < 0.05, **:p < 0.001. ns: 
non-significant
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acid + 5% Sugar), T10 (2 ppm LPE + 200 mg L−1 Strep-
tomycin + 200 mg L−1 Citric acid + 5% Sugar), and T11 
(4 ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 
Citric acid + 5% Sugar) treatments compared to other 
treatments is related to this effect. The data in Fig. 2 sup-
port these results. When examining the effects of the 
treatments on relative fresh weight, it was determined 
that relative fresh weight losses increased as the num-
ber of days increased. This decrease is associated with 
negative effects such as high ethylene synthesis, slowed 
water uptake, and consequently, the shedding, yellowing, 
wilting, and browning of flowers, leaves, and petals [57]. 
These processes have led to a shortened vase life of the 
flowers. Gerbera flowers are known to be highly sensi-
tive to ethylene. The premature wilting of some cut flow-
ers has been associated with bacterial blockage in the 
flower stems [57–59]. In particular, it has been reported 
that increased bacterial growth at the basal root tips 
blocks the flow of nutrients from the root tips to other 
parts of the flowers or leaves [57, 58]. Stockwell et al. [60] 
reported that antibiotics and antibacterials colonize bet-
ter in the stem region, are more effective against patho-
gens in this region, and inhibit bacterial growth through 
antibacterial agents. Additionally, it has been noted that 
these substances are widely preferred because they pre-
vent the blockage of xylem vessels and maintain water 
balance [61]. The inhibition of water transport along the 
stem causes water deficiency in plants, leading to wilt-
ing and reducing water uptake rates [62–64]. Through-
out the study, it was determined that the total and daily 
vase solution uptake amounts were high. This situation 
was primarily explained by different treatments and tem-
perature regimes. The fact that the study was conducted 
under room conditions led to high respiration rates, easy 
utilization of vase solutions by plants, and increased 
evaporation. When examining the effects of treatments 
on total vase solution uptake, it was observed that the 
combination of LPE + citric acid + antibacterial strepto-
mycin + sugar treatments yielded the best results. It was 
determined that these combinations directly affected 
total vase solution uptake by preventing xylem blockage.

The effects of various compounds (sugar, streptomy-
cin, citric acid, LPE, and their combinations) applied 
to cut gerbera flowers on oxidative stress markers were 
evaluated. The findings show that the treatments caused 
significant differences in antioxidant enzyme activities 
(SOD, POD, CAT) and MDA levels, which are indicators 
of oxidative damage. The highest POD (peroxidase) activ-
ity values were measured in the T6 (2 ppm LPE) and T7 
(4 ppm LPE) groups, and these two groups were statis-
tically significantly different from all other groups. This 
indicates that high-dose LPE treatment strongly activates 
the peroxidase enzyme system. LPE can disrupt oxida-
tive balance by affecting phospholipid content in cell 

membranes, as well as triggering defense systems. How-
ever, the effect of high-dose LPE alone may also serve 
as an indicator of increased oxidative stress within the 
cell. In this context, the activation of the antioxidant sys-
tem by LPE can be considered a reflection of the stress 
response resulting from excessive ROS production. 
The highest SOD (superoxide dismutase) activity was 
observed in the T10 (2 ppm LPE + 200 mg L−1 Strepto-
mycin + 200 mg L−1 Citric acid + 5% Sugar) group, which 
was statistically distinct from all other groups. The T10 
treatment (2 ppm LPE + 200 mg L−1 streptomycin + 200 
mg L−1 citric acid + 5% sugar) produced the strongest 
defense response against superoxide radicals. This result 
demonstrates that the combination treatment, particu-
larly due to synergistic effects, provides a more balanced 
and effective antioxidant defense against oxidative stress 
in plants. These findings are consistent with the results 
observed by Wang et al. [65] in carnations treated with 
ClO2, indicating that the combined management of 
microbial control and antioxidant defense is effective in 
delaying flower senescence. In contrast, the lowest SOD 
activity observed in the T6 group suggests that 2 ppm 
LPE applied alone may inhibit this enzyme or fail to pro-
vide sufficient stimulation. This finding indicates that the 
use of LPE at high doses alone may lead to imbalances in 
antioxidant defense systems. MDA (malondialdehyde) 
levels were evaluated as an indicator of lipid peroxida-
tion in cell membranes, and the highest MDA value was 
detected in the T6 group (2 ppm LPE). This suggests that 
high-dose LPE, despite increasing POD activity, may fail 
to prevent cellular membrane damage and may instead 
exacerbate oxidative damage. On the other hand, the 
lowest MDA value was measured in the T10 group (2 
ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Citric 
acid + 5% Sugar), followed by the T3 (200 mg L−1 Strep-
tomycin) and T9 (1 ppm LPE + 200 mg L−1 Streptomycin 
+ 200 mg L−1 Citric acid + 5% Sugar) treatments. The low 
MDA levels observed in these groups indicate that the 
treatments suppressed lipid peroxidation and protected 
cell membrane integrity. In particular, it is thought that 
the streptomycin treatment in the T3 group (200 mg L−1 
Streptomycin) indirectly contributed to the alleviation of 
oxidative stress by reducing the microbial load. No sta-
tistically significant difference was detected between the 
groups in terms of CAT (catalase) activity. However, the 
visually highest average value observed in the T4 group 
(200 mg L−1 citric acid) suggests that this treatment may 
be effective in defending against specific ROS types such 
as hydrogen peroxide. In addition to citric acid’s pH-reg-
ulating and chelating effects, previous studies have also 
indicated that it may support CAT activity through the 
detoxification of H2O2 in antioxidant systems. However, 
due to the high variability in this study, this effect did not 
reach statistical significance.
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When evaluated overall, the T10 treatment (2 ppm LPE 
+ 200 mg L−1 Streptomycin + 200 mg L−1 Citric acid + 
5% Sugar) stands out as an treatment that effectively 
suppresses oxidative stress with high SOD activity, low 
MDA levels, and controlled POD activity. This combina-
tion has ensured the coordinated functioning of enzy-
matic defense systems and minimized lipid peroxidation. 
The T6 treatment (2 ppm LPE), on the other hand, drew 
attention with high POD and MDA levels, indicating a 
stress response characterized by both high defense and 
high damage. Kaur and Palta [37] demonstrated in snap-
dragons that low concentrations of LPE improved flower 
longevity while higher doses became phytotoxic. Con-
sistent with this, our results in gerbera provide the first 
evidence that LPE exerts similar dose-dependent effects 
in this species, thereby confirming that the contradic-
tory influence of LPE depending on dosage may repre-
sent a broader mechanism in cut flowers. The T3 (200 
mg L−1 Streptomycin) and T9 (1 ppm LPE + 200 mg L−1 
Streptomycin + 200 mg L−1 Citric acid + 5% Sugar) treat-
ments were also found to be effective in maintaining 
cell membrane stability with low MDA levels. Although 
there was no significant difference in CAT levels, the 
high average value observed in the T4 group (200 mg L−1 
Citric acid) suggests that this treatment may play a role 
in H2O2 detoxification. High concentrations of LPE may 
promote membrane phospholipid degradation, result-
ing in increased ROS accumulation and oxidative stress, 
thereby accelerating senescence. The elevated oxidative 
stress markers in gerbera under high-dose LPE confirm 
this mechanism, consistent with previous reports [37, 
66]. Although the combination of streptomycin and LPE 
was effective, the potential risks of antibiotic resistance 
and environmental impacts cannot be overlooked [67, 
68]. In this context, future research should also focus on 
sustainable alternatives such as biocontrol agents, plant 
extracts, and nano-based postharvest technologies [69, 
70].

Conclusion
This study comprehensively revealed the physiologi-
cal, biochemical, and antioxidant effects of various 
substances such as LPE, citric acid, sucrose, and strepto-
mycin added to vase solutions in cut Gerbera jamesonii 
flowers. The applied substances caused significant dif-
ferences in important quality parameters such as water 
uptake, fresh weight change, and vase life, as well as in 
the levels of oxidative stress markers such as SOD, POD, 
CAT, APX, and MDA. The most successful results in the 
study were obtained with the T9 and T10 treatments. In 
particular, the T10 treatment (2 ppm LPE + 200 mg L−1 
streptomycin + 200 mg L−1 citric acid + 5% sucrose) stood 
out with high water uptake, long vase life, and the lowest 
MDA level. It was observed that POD activity increased 

significantly in high-dose LPE treatments (T6 (2 ppm 
LPE), T7 (4 ppm LPE)), but the parallel increase in MDA 
levels revealed that LPE alone could increase oxida-
tive stress. The potential effect of citric acid treatment 
on CAT activity is important in terms of the detoxifica-
tion of reactive oxygen species such as hydrogen per-
oxide. Additionally, the increase in levels of secondary 
metabolites such as phenolic compounds, flavonoids, 
and anthocyanins has been an important indicator of 
the defense mechanisms developed by the plant against 
oxidative stress during the aging process. Overall, it has 
been determined that combination treatments (especially 
T9 (1 ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 
Citric acid + 5% Sugar), T10 (2 ppm LPE + 200 mg L−1 
Streptomycin + 200 mg L−1 Citric acid + 5% Sugar), T11 
(4 ppm LPE + 200 mg L−1 Streptomycin + 200 mg L−1 Cit-
ric acid + 5% Sugar)) have more positive effects on both 
morphological and biochemical parameters compared to 
single treatments. The synergistic use of substances such 
as streptomycin, LPE, citric acid, and sucrose is proposed 
as an effective approach for extending the vase life of cut 
flowers, improving water relations, and reducing oxida-
tive stress. This study has revealed important findings 
that could contribute to the development of new solution 
formulations aimed at preserving the postharvest quality 
of cut flowers. Our findings suggest that LPE, particu-
larly when used in combination with streptomycin, may 
offer practical potential for the ornamental plant sector 
by extending vase life and reducing post-harvest losses. 
Given its relatively low cost and ability to be integrated 
into protective solutions, LPE could provide an economi-
cally viable and environmentally friendly approach to cut 
flower management.
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