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ABSTRACT 

Froriepia subpinnata is an endemic endangered medicinal plant growing indigenous to 

Caspian coast forest in the north of Iran. This research was done to obtain primary 

information on morphological and phytochemical variation for the next step of 

domesticating and breeding of this plant. Twenty-three morphological traits measured 

indicated high variation among 52 accessions. There was a significant positive correlation 

between leaf dimension, plant height, and attributes related to biomass data. The range of 

phytochemical attributes analyzed was for total phenols (355.6-941.3 mg GAE 100 g-1 

FW), total flavonoids (204.33-540.74 mg CAT 100 g-1 FW), total carotenoids (1.52 to 3.15 

μg 100g-1 FW) and antioxidant capacity (31.36-81.82 DPPH%.). The HPLC analysis 

results showed that chlorogenic acid was the dominant phenolic compound generally 

found in this plant. Total carotenoids had no significant correlation with other 

biochemical traits, while the rest exhibited a linear relationship with each other. UPGMA 

cluster based on combined data of morphological and biochemical traits showed 3 distinct 

groups with high inter and intra-regional variations. Also, these information were 

combined with molecular data to separate environment and genetic effects. The high level 

of variation of phytochemical and morphological traits among and within populations 

could be a useful tool for future breeding and selection programs. 
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INTRODUCTION 

Gijavash (Froriepia subpinnata (Ledeb.) 

Baill. Syn: Buplerum subinatum, Froriepia 

nuda) is a biennial medicinal and aromatic 

plant belonging to Apiaceae. It is a self-

pollinated plant, up to 220 cm height with 

white or purple flowers and small achene fruits 

(Mozaffarian, 2015). Gijavash leaves are used 

in people’s diet and it is the only endemic 

threatened species of Froriepia genus in north 

of Iran (Mozaffarian, 2015). 

Bupleurum L. including 200 species are 

extensively distributed in the north 

hemisphere, and usually used for their 

medicinal attributes (Mabberley, 2008). 

Previous studies have stated many physio-

biological activities such as antiviral (Ashour 

et al., 2014), immunomodulatory (Guinea et 

al., 1994), anti-inflammatory (Bremner et al., 

2009), antiproliferative (Hsu et al., 2004), and 

antioxidant activity (Liu et al., 2006) for 

various species of Bupleurum. Also, recent 

researches have confirmed the existence of 

various compounds in Bupleurum plants such 
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Table 1. List of 52 germplasm accessions of F. subpinnata gathered from Guilan Province of Iran. 

Accessions 

number 

Origin  Latitude (N) Longitude (E) Average of altitude 

(m) 

Voucher 

number 

G1 to G6 Astaneh-ye Ashrafiyeh 37° 15' 49° 56' -11 APF53098 

G7 to G11 Rasht 37° 16' 49° 35' 83 APF54005 

G12 to G15 Kiashahr 37° 25' 49° 56' -23 APF54014 

G16 to G19 Lahijan 37° 12' 50° 0' 60 APF54018 

G20 to G23 Langrud 37° 11' 50° 9' 16 APF54024 

G24 to G28 Rudsar 37° 8' 50° 16' -17 APF54028 

G29 to G32 Sangar 37° 10' 49° 41' 109 APF54033 

G33 to G37 Someehsara 37° 18' 49° 18' 34 APF54038 

G38 to G42 Fuman 37° 13' 49° 19' 45 APF54041 

G43 to G47 Shaft 37° 10' 49° 24' 76 APF54045 

G48 to G52 Siyahkal 37° 9' 49° 52' 42 APF54052 

 

 

as saikosaponins (Liang et al., 2014), 

flavonoids (Gevrenova et al., 2015), total 

phenolic content (Nabavi et al., 2008), and 

coumarins (Pistelli, 2006). Nowadays, 

collecting plants from their wild habitats is the 

main way to supply materials of the medicinal 

plant industries. Therefore, it exposes the 

ecotypes to annihilation (Bogers et al., 2006). 

Also, we know that morphological traits, 

chemical composition, and biological activities 

of plants are affected by the genetic and 

environmental aspects (Heywood, 2002). 

Thus, the first step to prevent annihilation of 

endemic plants and supply plant raw materials 

is analyzing distribution zones, domestication, 

and cultivation of wild medicinal plant 

(Iezzoni and Pritts, 1991; Bogers et al., 2006).  

Due to lack of earlier literature about 

morphological and phytochemical attributes, 

this study was done to reveal the 

morphological and biochemical variation of 

Froriepia subpinnata collected from 

different natural habitats in Iran. 

MATERIALS AND METHODS 

Plant Materials 

Fifty-two accessions of F. subpinnata 

were gathered from different regions of 

Guilan province, Iran (Table 1). Fresh leaves 

were immediately frozen in liquid nitrogen 

and kept at −80
◦
C for future studies.  

Morphological Analysis 

Voucher specimens were deposited in 

herbarium of the University of Guilan. 

Morphological studies were conducted on 

fully flowered fresh plants and herbarium 

materials. Twenty-three morphological 

traits, from at least 10 plants, were 

measured. These included plant height (by 

ruler), leaf and leaflet number, leaf and 

leaflet length (by ruler and caliper), leaf and 

leaflet width (by ruler and caliper), fresh 

weight of leaves, stem and root, terminal 

leaflet length and width (by caliper), 1,000 

seeds weight, internode length, peduncle 

length of umbels and umbellete (by caliper), 

number of flowers and umbels per plant, 

secondary stem number and stem diameter 

(by caliper). To measure the dry weight, 

leaves, stem, and roots were put in the oven 

at 70°C for 48 hours, then, the dry weight 

was measured by scale.  

Determination of Total Phenolic 

Content 

Total Phenolic Content (TPC) was 

measured by using Folin-Ciocalteu reagent 

(Dewanto et al., 2002) with some 
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modification as follows: a 190 μL of 

distilled water added to 10 μL of the 

methanolic extract (methanol and acetic acid 

85:15 v/v) of each sample followed by 

addition of 1 mL of 10% Folin-Ciocalteu 

reagent. After 5 minutes, 800 μL of 7.5% 

sodium carbonate solution was added and 

the samples were put in darkness for 90 

minutes before measuring the absorbance at 

760 nm using an UV/Vis spectrophotometer 

(model PG Instrument +80, Leicester, 

United Kingdom). TPC was calculated as 

mg Gallic Acid (GA) equivalents per 100 g 

Fresh Weight (FW) basis using a standard 

curve developed with gallic acid. 

Determination of Total Carotenoid 

Content 

Total Carotenoid (TCC) was measured via 

spectrophotometer (Mínguez-Mosquera and 

Pérez-Gálvez, 1998). A 100-mg powdered 

tissue was added to 1,200 μL acetone 80% 

(v/v) and kept at room temperature for 30 

minutes. Afterward, the mixture was 

centrifuged at 5,000 rpm for 10 minutes, and 

the supernatant was separated for analysis. 

The absorbance of the solution was 

determined at 470 nm. The pigment 

concentration was calculated and expressed 

as μg 100 g
-1

 FW. 

Determination of Total Flavonoid 

Content 

One gram of tissue powdered by liquid 

nitrogen was added to 10 mL of extraction 

solvent (methanol/ acetic acid 85:15 v/v) 

and kept overnight at room temperature 

(Cordenunsi et al., 2003). The mixture was 

centrifuged at 10,000 rpm for 10 minutes at 

4°C, and the supernatant was separated for 

future measurement. Total Flavonoid 

Contents (TFC) were analyzed by a 

colorimetric method described by Shin et al. 

(2007) with some modifications. Thirty μL 

of each sample was added to 1.8 mL of 

methanol. Afterward, 75 μL of 5% NaNO2 

was added and allowed to stand at room 

temperature for 5 minutes, then, 75 μL of 

3% AlCl3 6H2O was added. After 5 minutes, 

0.5 mL of 1M NaOH was added to the 

mixture and put in darkness for 15 minutes. 

The absorbance was measured at 506 nm 

and results were expressed as catechin 

equivalents using a standard curve 

developed with catechin. 

Antioxidant Capacity  

DPPH free radical scavenging assay was 

applied to estimate Antioxidant Capacity 

(AC) according to method described by 

Sánchez‐Moreno et al. (1998) with some 

modifications. A sample of 10 μL of extract 

was added to 990 μL of DPPH and allowed 

to stand in darkness at room temperature for 

20 minutes. Then, the Absorbance (A) was 

read at 517 nm versus the blank. Three 

replicates were carried out for each sample. 

The radical scavenging capacity was 

calculated using the following equation: 

 (1) 

HPLC Analysis 

Phenolic profiles were determined 

described by Bakhshi and Arakawa (2006). 

Twelve accessions based on genetic 

clustering (Jorkesh et al., 2019) were 

selected for High Performance Liquid 

Chromatography (HPLC) analysis. The 

methanolic extracts (Methanol: Acetic acid 

85:15 v/v) were filtered through a 0.45 μm 

single-use syringe filter. Afterward, 20 

microliters of filtered specimen were 

injected in HPLC (Waters, 1525, Milford, 

USA) equipped with a UV-visible detector 

(Waters Dual λ Absorbance 2487), C18 

column: Waters Symmetry C18, 4.6 mm × 

150 mm (Waters, Dublin, Ireland), at 274 

and 320 nm. Phenolic compounds were 

identified by comparing their retention time 

and UV–vis spectral data to those of injected 

standards. Cumarin, ferulic acid and 
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chlorogenic acid standards were bought 

from Sigma-Aldrich (Canada Ltd). 

Data analysis 

Variance analysis was performed for all 

morphological and biochemical traits by 

SAS software ver 9.1. Coefficients of 

Variation (CV%) were determined as 

indicators of variability. Correlation 

(Pearson correlation coefficient) analysis 

among different attributes was subjected in 

SPSS ver. 22. The phytochemical and 

morphological similarity coefficients 

according to Euclidean distance were 

calculated. It was used for the cluster 

analysis and making of dendrogram through 

the Unweighted Pair-Group Method using 

Arithmetic average (UPGMA), performed 

by NTSYS ver. 2.10 (Rohlf, 2000). Finally, 

to check the fitness of the cluster, cophenetic 

correlation coefficient was calculated. 

RESULTS 

Morphological Characterization 

Means and coefficient of variation for 23 

morphological traits are presented in Table 2. 

The highest variation was observed in leaflet 

width and leaves number by 51.6 and 48.7% 

of CV, respectively (Table 2). The three 

lowest CVs among all traits belonged to the 

1000 seeds weight (CV= 21%), leaflet 

number (CV= 28.6%), and flowers number 

per plant (CV= 30.9%) (Table 2). The plant 

height varied between 67.2 cm (G8) and 189 

cm (G41) and 1000 seeds weight varied 

between 4.32 g (G7) and 7.31 g (G29). 

Differences in leaf length and leaflet length 

were high and varied from 6.42 cm (G49) to 

29.16 cm (G38) and 10.2 mm (G36) to 30.7 

mm (G38), respectively. The maximum 

number of flowers and umbels per plant was 

observed in P34 (149 and 124, respectively). 

The minimum number of flowers and umbels 

per plant belonged to G8 and G51 (49 and 28, 

respectively).  

The analysis of correlation among 

morphological traits showed that plant height 

had a significant positive correlation with the 

number of leaves and leaflets and all traits 

concerning weight such as leaves, stem, and 

roots. Also, there were significant positive 

correlations in the leaf and leaflet dimensions 

with 1,000 seeds weight, flowers and umbels 

number per plant (data not presented). These 

results are in good agreement with Hadian et 

al. (2010) and Khadivi-Khub et al. (2014). To 

provide a reduced dimension model and 

understand the relationships between traits as 

well as between accessions (Khadivi-Khub et 

al., 2012), factor analysis was used based on 

Principal Component (PCA). The results 

showed the first five-component account for 

90.05% of total variations. The first and 

second components accounted for 41.82 and 

31.80 % of the total variation, respectively. 

Phytochemical Characterizations 

Among all biochemical characterization, the 

lowest and highest variations were observed in 

antioxidant activity and total carotenoid by 

27.48 and 34.3%, respectively (Table 3). TPC 

ranged from 355.6 to 941.3 mg GAE 100 g
-1 

FW. The lowest amount of TPC belonged to 

the P43 accessions from Shaft, whereas the 

highest TPC was observed in P20 accessions 

from Langrud. The TFC range was between 

204.33-540.74 mg CAT 100 g
-1 

FW. The 

highest and lowest amounts of TFC were 

belonged to the G28 accessions from Rudsar 

and G31 accessions from Sangar, respectively. 

The variations in terms of TCC ranged from 

1.52 to 3.15 μg 100 g
-1
 FW. Among all 

accessions, the G1 accessions from Astaneh-

ye Ashrafiyeh and G30 from Sangar had the 

lowest and highest of TCC, respectively. Also, 

AC’s range was between 31.36-81.82%. The 

G20 accessions had the highest AC, whereas 

the lowest AC was measured in G31 

accessions from Someh-Sara site. The results 

indicated significant positive relationship 

between TPC, TFC and AC, but there was no 
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 statistically significant correlation between 

TCC and these parameters (data not 

presented). 

Cumarine, ferulic acid, and cholorogenic 

acid were identified and measured. 

Variations of phenolic compound are 

presented in Table 4. The coumarin content 

ranged between 102.40 μg g
-1 

FW (P8) and 

211.28 μg g
-1

 FW (G20). The highest ferulic 

acid content (148.92 μg g
-1

 FW) was 

observed at G37 accession and the lowest 

(40.34 μg g
-1

 FW) belonged to G43 

accession. Also, the G38 had the highest 

level of cholorogenic acid by 669.47 μg g
-1

 

FW, whereas the lowest content was 

measured in G12 accession by 147.3 μg g
-1

 

FW of (Table 4). 

Combined Data 

UPGMA cluster based on combined data 

of morphological and biochemical traits 

showed three distinct groups (Figure 1), 

such that accessions originating from the 

same region could not take the same place 

together completely, indicating high intra-

regional diversity. For instance, accessions 

from Astaneh-ye Ashrafiyeh and Shaft were 

in different groups. The first distinct cluster 

included 22 accessions and the second and 

third main clusters contained 24 and 6 

accessions, respectively. In some cases, high 

similarities were observed between inter and 

intra-regional accessions. For example, all 

accessions from Rasht and Lahijan were in 

the same cluster. Also, some accessions 

from Astaneh-ye Ashrafiyeh and Langrud 

had high similarities with each other. The 

similarities between accessions from 

different region shows the possibility of 

gene flow between the populations (Sefc et 

al., 2000).  

By combining morphological, 

biochemical, and molecular data (Jorkesh et 

al., 2019) of these populations, it is possible 

to separate the effects of environment and 

genetics. For example, the accessions from 

Rasht were in the same group in both 

molecular and morpho-biochemical clusters.  
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Table 4. Phenolic compounds (μg g
-1

 FW) in accessions of F. subpinnata. 
a
 

Accessions Coumarin Ferulic acid Cholorogenic acid 

G4 142ef
a
 95e 212f 

G8 179c 45g 611b 

G12 102h 113c 148g 

G16 136f 82f 589b 

G20 211a 42g 590b 

G27 155de 87ef 522c 

G35 204ab 108cd 306e 

G37 189bc 149a 481d 

G38 161d 47g 669a 

G41 122g 103d 299e 

G43 195b 40g 503cd 

G49 164d 131b 481d 

a
 a-g

 
values in columns followed by the same letter are not significantly different, P< 0.01. Means separated by 

Tukey’s HSD test in CRD design. 

Table 5. Morphological and biochemical traits based on clustering accessions of F. subpinnata. 

Character First group Second group Third group 

Total phenolic content 708.27 560.87 701.43 

Total flavenoid content 406.8 329.25 402.92 

Antioxidant activity 61.58 49.95 61.03 

Total carotenoid 2.47 2.50 2.71 

Plant height 165.2 95.91 154.7 

Leaves number 52.97 20.93 44.66 

Leaf length 15.51 18.13 23.02 

Leaflet number 23.02 15.02 20.86 

Leaflet length 1.70 1.78 2.73 

Leaf fresh weight 295.08 143.00 275.92 

Leaf dry weight 58.76 32.15 57.39 

Stem fresh weight 114.38 51.44 109.45 

Stem dry weight 37.27 18.16 36.44 

Root fresh weight 105.39 43.98 95.08 

Root dry weight 46.64 20.16 43.44 

Leaf width 8.17 9.49 13.24 

Leaflet width 9.40 10.79 17.86 

Terminal leaflet length 19.12 20.98 32.76 

Terminal leaflet width 11.2 12.12 20.03 

1000 Seeds weight 5.87 5.93 6.72 

Internode length 7.19 8.41 11.60 

Umbellete peduncle length 5.83 5.52 8.25 

Umbels peduncle length 23.82 22.76 36.74 

Secondary stem number 7.54 8.12 10.66 

Flowers number per plant 76.31 85.54 119 

Umbels number per plant 59.54 68.62 100.83 

Stem diameter 6.30 7.04 11.06 
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Figure 1. UPGMA cluster analysis for accessions of Gijavash based on the combined data of morphological 

and biochemical traits. Cluster numbers are Roman numerals on the left vertical axis. 

 

Therefore, it was found that environmental 

conditions could not significantly affect 

morpho-biochemical traits of Rasht 

accessions. Also, all accessions from 

Astaneh-ye Ashrafiyeh were put in the same 

molecular cluster, while they were put into 

different clusters based on morpho-

biochemical traits. Thus, it can be concluded 

that environmental conditions of Astaneh-ye 

Ashrafiyeh region had significant effect on 

morpho-biochemical traits. Morpho-

biochemical traits were reported for each 

group (Table 4). Generally, the first group 

had the highest performance in terms of 

biochemical and biomass data followed by 

the third group, while the accessions placed 

in second group had the lowest biochemical 

and morphological traits (Table 5). 

DISCUSSION 

All measured parameters had significant 

differences among different accessions. The 

present research was the first investigation 

of morphological and biochemical traits of 

Gijavash accessions through comprehensive 

collection from natural habitat. The highest 

morphological variation was observed in 

leaflet width and leaves number. Based on 

our knowledge, there is not any literature on 

Gijavash morphological traits. Because of 

photosynthesis and production of secondary 

metabolites, leaf dimension and parameters 

concerning biomass are the most important 

characters that can be considered for 

cultivation and breeding programs (Khadivi-

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
20

.2
2.

6.
8.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
25

-0
7-

06
 ]

 

                             8 / 12

https://dorl.net/dor/20.1001.1.16807073.2020.22.6.8.4
https://jast.modares.ac.ir/article-23-32275-en.html


Phenotypic and Phytochemical Diversity of Gijavash ______________________________  

1571 

Khub et al., 2014). Thus, accessions G38 

and G41 from Fuman, which have the higher 

value of leaf and biomass, are promising 

cultivars for future breeding programs. 

Another tool that could be considered for 

breeding and selection program is the 

existence of a correlation between various 

attributes (Pank et al., 2004). In this study, 

there were significant positive correlations 

between biochemical traits and some 

morphological traits. For instance, TPC, 

TFC, and AC generally showed the same 

relationship with morphological traits: they 

had significant positive correlation with 

plant height, leaves number, leaflet number, 

and traits concerning biomass data, but there 

was no relationship between these traits and 

length of leaf and leaflet. However, these 

results were not observed for TCC. The 

TCC showed a significant correlation with 

traits related to leaf and leaflet dimensions, 

flower, and umbel number per plant (data 

not presented). Also, there were positive or 

negative correlations between leaf 

dimension, plant height, and biomass data.  

In recent years, antioxidant and phenolic 

compounds of plants have been noticed in 

food industry and pharmacology 

(Ghahremani-majd et al., 2012). The 

antioxidant activity was in remarkable range 

in P40 from Fuman, whereas it was 

negligible in P31 from Someh Sara. 

Previously, 0.42±0.03 mg mL
-1

 and 12.8 g 

100 g
-1

 DW were reported for the IC50 and 

DPPH radical scavenging activity in 

Froriepia subpinnata (Gijavash), 

respectively (Nabavi et al., 2008; Salmanian 

and Sadeghi, 2012). Phenols and 

polyphenolic compounds, such as 

flavonoids, are found in food products 

originating from plant sources, and they 

have shown significant antioxidant activities 

(Van Acker et al., 1996). In pervious 

researches, total phenols and flavonoids 

have been reported to range between 68.83-

75.7 mg galic acid equivalent g
-1

 and 35.2-

43.5 mg quercetin equivalent g
-1

 (Nabavi et 

al. 2008; Salmanian and Sadeghi, 2012). In 

our study, total phenolic and flavonoids 

results were higher than those reported 

elsewhere. It has been accepted that 

antioxidant activity of plants might be 

attributed to their phenolic compounds 

(Cook and Samman, 1996). The results 

indicated that among phenolic compound, 

Cholorogenic acid followed by coumarin 

were mostly detectable in F. subpinnata. 

These results are in agreement with finding 

in other plants (Tokalov et al., 2004; 

Noroozisharaf et al., 2015). In the present 

study, a high positive correlation was 

observed between total phenolic, antioxidant 

activity, and flavonoids content, while these 

characters did not exhibit significant 

correlation with carotenoid content. Similar 

findings to this study have been reported by 

other researchers (Orak, 2007; Tulipani et 

al., 2008; Noroozisharaf et al., 2015).  

The result showed high variation among 

accessions due to the morphological and 

biochemical characteristics and they seem to 

have a high potential for breeding programs. 

UPGMA based on combined data of 

morphological and biochemical traits shows 

three distinct groups with high inter and 

intra-regional diversity. With respect to 

molecular data (Jorkesh et al., 2019) and 

these finding, it was realized that the genetic 

and environmental conditions affect 

morpho-biochemical traits. In some cases, 

the environmental conditions could 

significantly affect morpho-biochemical 

traits of F. subpinnata. 

CONCLUSIONS 

Based on our knowledge, there were 

insufficient information about Gijavash 

plant, so, this study could provide primary 

knowledge of morphological and 

phytochemical variations in F. subpinnata 

accessions from different natural habitats, 

for the first time. The results from this 

research can be used in geographical 

location investigating of this plant for 

further programs such as domestication. 

Based on the results, the great variability in 

the morphological and biochemical traits 

and existence of positive/negative 
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relationship between morphological and 

biochemical traits increased the hopes for 

domestication and improvement of this 

plant. 
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 Froriepiaهای مختلف گیجاواش )تنوع فنوتیپی و فیتوشیمیایی جمعیت 

subpinnata (Ledeb.) Bail.)- گیاه دارویی بومی رشذ یافته در ایران 

 پاوول زاده، د. بخشی، و ج. پالالی، ج. الفتی، ح. سمیعغ. جورکش، ی. حمیذاع

 چکیذه

گیجاٍاش گیاُ دارٍیی تَهی ٍ در هعرض خطر اًقراض است کِ در ًَار ساحلی دریای خسر در 

شٌاختی ٍ اطلاعات اٍلیِ ریختتِ دست آٍردى ایي تحقیق در راستای کٌذ. شوال ایراى رشذ هی

شٌاختی فیتَشیویایی در رًٍذ اصلاح ٍ اّلی کردى ایي گیاُ صَرت گرفت. تیست ٍ سِ صفت ریخت

داری تیي اتعاد تَدُ هشاّذُ گردیذ. ّوثستگی هثثت ٍ هعٌی 52گیری شذ کِ تٌَع تالایی تیي اًذازُ

گیری ِ تغییرات صفات فیتَشیویایی اًذازُترگ، ارتفاع گیاُ ٍ عولکرد تیَهاس گیاُ ٍجَد داشت. داهٌ

گرم گالیک اسیذ در صذ گرم ٍزى تر(، فلاًٍَئیذ کل هیلی 6/355 -3/941شذُ ترای فٌل کل )

هیکرٍگرم  15/3تا  52/1گرم کاتچیي در صذ گرم تافت تر(، کارتٌَئیذ کل )هیلی 33/204 -74/540)

درصذ( تَد. ًتایج حاصل از آًالیس تَسط  36/31-82/81اکسیذاًی )در صذگرم ٍزى تر( ٍ ظرفیت آًتی

ًشاى داد کِ کلرٍشًیک اسیذ ترکیة فٌَلی غالة در ایي گیاُ است. کارتٌَئیذ کل  HPLCدستگاُ 

داری تا سایر خصَصیات تیَشیویایی ًذاشت در حالیکِ تقیِ صفات تیَشیویایی ّوثستگی هعٌی

ّای ٍ ترپایِ دادُ UPGMAا تراساس رٍش ّتٌذی ًوًَِّوثستگی خطی تا یکذیگر داشتٌذ. گرٍُ

ّا را تِ سِ گرٍُ هشخص تقسین کرد کِ دارای تٌَع درٍى ٍ تیي شٌاختی ٍ تیَشیویایی، ًوًَِریخت

ّای هَلکَلی ترکیة شذ تا تتَاى اثرات ترایي، ایي اطلاعات تا دادُای تالایی ًشاى دادًذ. علاٍُهٌطقِ

تَاًذ ّا هیشٌاختی تیي ٍ درٍى جوعیتلای فیتَشیویایی ٍ ریختهحیط ٍ شًتیکی را جذا کرد. تٌَع تا

 یک اتسار سَدهٌذ ترای رًٍذ اصلاح ٍ اًتخاب در ایي گیاُ تاشذ.
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