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Abstract

Background and objectives: Punica granatum L. var. pleniflora is an ornamental/medicinal
shrub native to Iran. Gulnar extract, like morphine, reduces pain in patients. Itis also used
against various diseases such as prostate cancer and breast cancer due to triterpenoids. In
traditional medicine, it has been applied to cure diarrhea, bleeding, mucous secretions, and
vaginal secretions. In external use, it has been used as a gargle to cure tonsillitis. Atherosclerosis
is one of the most dangerous factors in cardiovascular disease. Due to antioxidant compounds,
Gulnar reduces artery-clogging by almost 70%. Therefore, it is critical to enhance Persian
Gulnar growth and flowering, a natural source of antioxidants.
Methodology: To investigate the effect of the amino acids tryptophan, phenylalanine, and
methionine on the morphophysiological and phytochemical characteristics of the
Persian Gulanar, an experiment was conducted in the research greenhouse of Zanjan University
in a completely randomized design including ten treatments in three replications and 3 pots for
each experimental unit in the research greenhouse, Faculty of Agriculture of Zanjan
University. Different levels of treatment included methionine 0.5, 1, 2 mM, phenylalanine 0.5,
1, 2 mM, tryptophan 0.5, 1, 2 mM. The extraction conditions were optimized for total phenol,
total flavonoid, antioxidant activity, and antimicrobial activity tests. To extract and optimize the
extraction using a dry flower sample, an ultrasonic device was used and an experiment was
designed to determine the appropriate solvent, temperature, and duration of extraction, as well
as to determine the optimal ratio of plant dry matter to solvent, and a comparison was made
between two water solvents and alcohol at temperatures of 30-50-70 degrees Celsius and
different amounts of plants 0.2, 0.35, and 0.5 grams per ten milliliters of solvent and durations
of 5, 15, 25 minutes. Based on these cases, the initial tests by recommended software. To
investigate the antimicrobial activity of the flower extract and Persian Gulnar's red color, a good
penetration method was used. Plates containing a solid culture medium of Mueller Hinton agar
were used in this method.
Results: The treatments significantly affected the dry weight of flowers and flavonoids at a
5% probability level. In addition, they affected the number of flowers, anthocyanin content,
antioxidant activity (FRAP), and chlorophyll b at a 1% probability level. The flower dry weight
increased by 97.09% in the presence of 2 mM tryptophan compared to the control. The most
anthocyanin was observed with an increase of 56.05 and 50% in the concentration of 0.5 mM
phenylalanine compared to the control. The highest amount of antioxidant activity (FRAP) was
obtained with a 110% increase compared to the control at a concentration of 2 mM
tryptophan. The highest flower number was at 1 mM phenylalanine and 2 mM methionine. The
most positive correlation (*r=0.68) was between flower dry weight and branch growth, and the
most negative correlation (*r=0.80) was between chlorophyll b and anthocyanin. There was a
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significant positive correlation between chlorophyll a and total flavonoids, chlorophyll b, and
branch growth. Also, there was a significant positive relationship between the number of
flowers with anthocyanin and total phenol. The best extraction point was related to the
temperature of 70 °C, 70% ethanol solvent, 15 minutes, and the ratio of plant dry matter to
solvent was 0.2 grams of dry weight in 10 ml of solvent. The red flowers showed a
higher inhibitory effect against Escherichia coli, and the variegated flowers hada
higher inhibitory power against Staphylococcus aureus.

Conclusion: According to the results, in addition to confirming Gulnar's antibacterial activity
and determining the optimal extraction point, it was found that the levels of 0.5 mM amino acids
in most of the traits, including branch growth, flower dry weight, total phenol, and anthocyanin
brought the best results from the treatment. It also justifies them in the field. Since amino acid
fertilizers are applied in small amounts, they are economically justified.
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Table 1. Experiments for optimal extracting from Punica granatum var. pleniflora

Y'Yy

Extraction variable Response
Total Total phenols
flavonoids Total flavonoids conF;ent Total phenols
Concentratio Temperature Time content content (Solvent: (Solvent: content (Solvent:
n (g.10 mLY) (°C) (min) (Solvent: ethanol 70%) water) ’ ethanol 70%6)
water) (QE.g! DW) (GAE.g"' DW) (GAE.g! DW)
(QEg* DW) 9
0.2 30 15 7.54 6.69 78.72 112.86
0.5 30 15 5.89 4.94 74.13 63.31
0.2 70 15 15.17 9.63 118.63 168.78
0.5 70 15 11.02 8.80 115.30 137.15
0.2 50 5 9.12 7.26 97.63 128.87
0.5 50 5 6.70 7.61 74.66 104.90
0.2 50 25 10.03 9.12 125.20 160.38
0.5 50 25 7.97 9.46 83.37 131.27
0.35 30 5 5.47 4.08 67.79 76.49
0.35 70 5 7.05 8.60 96.45 148.36
0.35 30 25 7.51 5.92 88.50 101.10
0.35 70 25 9.09 9.54 121.51 63.74
0.35 50 15 7.64 8.18 95.25 137.71
0.35 50 15 8.90 7.41 105.30 132.46
0.35 50 15 7.22 6.60 95.55 124.81
70 TPC-Ethanol 70% (GAE/g DW) 70 TFC-Ethanol 70% (QFE/g DW)
140
60 - 60
g / <
-] 40 m & 40
30 T T T 30 1 ! ! !
0z 0.26 0.32 0.38 0.44 0.5 0.2 0.26 0.32 0.38 0.44 0.5

A: Solid to Solvent Ratio (g/10 mL)

A: Solid to Solvent Ratio (g/10 mlL.)

2V U1 I w52 5 J gl paad Jlsses -\ IS0

Figure 1. Phenols and flavonoids extraction diagram with ethanol 70% solvent
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Table 2. ANOVA of amino acids foliar application effects on some Punica granatum var. pleniflora traits

M.S.
SOV d.f. Number of flowers Flower dry weight Shoot length growth
Treatment 9 44.78™ 0.07" 41.93™
Experimental error 70 9.97 0.02 25.63
C.V. (%) 16.06 15.35 12.41
S.OV. df. : : M.S.
Flavonoids  Anthocyanins FRAP Phenols  Chlorophylla  Chlorophyll b
Treatment 9 0.43" 0.02* 1417.78"  657.70" 0.078m 0.07*
Experimental error 20 0.15 0.00 101.30 365.30 0.05 0.01
C.V. (%) 11.68 6.44 18.04 12.99 14.36 17.01

n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively
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Table 3. Means comparison of amino acids foliar application effects on some
Punica granatum var. pleniflora traits

Amino acid treatment Flower dry weight () Number of flowers Chlorophyll b Total flavonoids content ~ Anthocyanins
(mM) YW (mg.g* FW) (QEg* DW) (mg.g* DW)
0 0.48° 3.62¢ 1.002 3.81% 0.46°
Methionine 0.5 0.892 3.62¢ 0.96? 3.76% 0.51°¢
Methionine 1 0.718bc 5.75¢ 0.962 3.392bc 0.60°
Methionine 2 0.743bc 8.620 0.912 3.602bc 0.662
Tryptophan 0.5 0.723¢ 4 50 0.70P¢ 2.93¢ 0.66%
Tryptophan 1 0.58b¢ 4.50% 0.62¢ 2.99¢ 0.69?
Tryptophan 2 0.952 6.12¢ 0.782¢ 4,022 0.60°
Phenylalanine 0.5 0.892 3.62¢ 0.58°¢ 3.10b¢ 0.722
Phenylalanine 1 0.52P¢ 10.622 0.69¢ 3.08t¢ 0.61°
Phenylalanine 2 0.79% 7.00%¢ 0.70b¢ 3.273be 0.66%
In each column, means with common letter are in the same statistical group at 5% probability level (Duncan test).
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Figure 2. Means comparison of amino acids foliar application effects on antioxidant activity (FRAP)

of Punica granatum var. pleniflora
Means with common letter are in the same statistical group at 5% probability level (Duncan test).
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Table 4. Means comparison of inhibition zone diameter of two different flower colors extracts of Punica
granatum var. pleniflora on some microorganisms by well diffusion method

Inhibition zone diameter (mm)
(Mean + Standard deviation)

Microorganism

0 Ciprofloxacin Cefixime Red flower Variegated flower
(mg.mL"1) (mg.mL1) (mg.mL"1) (mg.mL")
Escherichia coli 0¢ 26.1+0.43> 27.56+0.662 17.76£0.35°¢ .5+0.554
Staphylococeus 0¢ 28.12+0.242 19.46+0.25 16.6+0.72¢ 17.4+0.43¢

aureus

In each column, means with common letter are in the same statistical group at 5% probability level (Duncan test).

Staphylococcus aureus growth Positive control (Cefixime) for S.
inhibition by red flower extract : aureus

Positive control (Cefixime) for E.
coli

S. aureus growth inhibition by

E. coli growth inhibition by variegated
variegated flower extract

flower extract

3 5
ey 35 a5 a1 S iy el WIS S 0l L -y S

Figure 3. Effects of Punica granatum var. pleniflora flower extracts on microorganisms growth by
well diffusion method
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Table 5. Traits correlation in Punica granatum var. pleniflora affected by amino acids foliar application

1 2 3 4 5 6 7 8 9
1-Chlorophyll a 1
2-Flavonoids
content 0.13** 1
3-Chlorophyll b 0.5%* 0.71%* 1
4-FRAP 0.18%  046%%  -0.22% 1
5-Flower dry weight 0.36*  031**  -0.10* 0.49% 1
6-Shoot length
growth 0.13* 0.51* 0.24** 0.44** 0.68* 1
7-Number of
flowers -0.13** -0.34* -0.18** -0.29*  -0.24** 0.02* 1
8-Anthocyanins 013 o G0B0%  0ATR 0287 002 0.28%* 1
9-Phenols content -039%* 033 -0.46* 008  002%*  -0.14** 0.4 0.44 1
*and **: significant at 1 and 5% probability levels, respectively.
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