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ABSTRACT

In this study, secondary metabolite amounts of leaf samples belonging to
12 different Bituminaria bituminosa (L.) C.H. Stirtion genotypes were
determined at the beginning of growth, budding and at the beginning of
flowering periods. Leaf samples belonging to B. bituminosa genotypes
were dried under natural conditions and extracted using a microwave
system (NEOS). Furanocumarins (psoralen and angelicin), isoflavonoids

obtained by LC-MS / MS. While the secondary metabolite contents
determined in B. bituminosa differed among growth periods, genotype
difference was found to be more effective on these metabolite contents.
As a result, all genotypes performed remarkably in terms of secondary
metabolites. Besides, the number 12 genotype (Samsun-Kavak) was
prominent in terms of angelicin, daidzein, genistein, daidzin, and genistin
compared to the other genotypes.

(daidzein, genistein) and isoflovan glycosides (daidzin and genistin)

Keywords: Animal health, Furanocoumarin, Isoflavonoid, Tedera

1. Introduction

Bituminaria bituminosa (L.) C.H. Stirtion (B. bituminosa) is a perennial species and is a member of the Leguminosea family is
originated in Mediterranean. However, it shows a wide spreading in the natural flora of Turkey, South Europe, Crimea, Western
Syria, Cyprus, the Caucasus, Israel, the North Africa, Portugal and Spain (Davis 1965).

B. bituminosa is a plant species which has rich content in terms of secondary metabolites. The amount of secondary
metabolites that give the plant a distinctive odour varies significantly according to genotype and ecological conditions (Pecetti
et al. 2007; Correal 2012; Real 2012). While these metabolites play a role in the defence mechanism of the plant, they also have
beneficial effects on human physiology and diseases due to their bioactive molecules. Secondary metabolite content of B.
bituminosa such as furanocoumarins, isoflavonoids and pterocarbans have pharmacological effects (Martinez et al. 2010). These
substances are used in the cosmetic industry and in the treatment of vitiligo, psoriasis, fungal, eczema, sunburn, skin cancer,
colon cancer, Mediterranean anemia, allergen diseases and relieving inflammation (Pistelli et al. 2003; Pazos -Navarro et al.
2013). While secondary metabolites and antioxidant substances in the plant positively affect the health of animals, they also
improve the quality of animal products (Pecetti et al. 2007).

The literature shows that secondary metabolites of B. bituminosa may change depending on the growth periods. Study of
Tava et al. (2007) determined in the leaves and stems of B. bituminosa plant psoralen and angelicin content. Walker et al. (2006)
analysed these metabolites in April, August and November and the highest values were found to be in the samples collected in
August. This is related to temperature and increases the furanocoumarin content of the plant with increasing UV light intensity
(Bourgaud et al. 1995). In previous studies, the presence of pterocarpan and daidzein were determined in the Psoralea species
(Boardley et al. 1986; Bouque et al. 1998; Pistelli et al. 2003).

In the present study, secondary metabolites (psoralen and angelicin, daidzein, genistein, daidzin and genistin) were
determined in beginning of growth, budding, and in the beginning of flowering periods of 12 different B. bituminosa genotypes
and changes in the amounts of these secondary metabolites were determined in three different physiological periods.
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2. Material and Methods

Seeds of B. bituminosa collected in 2012 from Samsun (8), Sinop (2) and Kastamonu (1) were used as plant material in the study.
In addition, one genotype of Spain origin was also used in the study (Table 1).

Table 1- Localities of B. bituminosa genotypes

. . Locations
No Collection Location North East

Gl Spain - -

G2 Kastamonu Inebolu 41°58'32.8" 33°46'10.4'
G3 Samsun-Catalzeytin 41° 57" 48.4" 34°09'07.8'
G4 Sinop Kanligay 41°40'40.3" 35°22'22.8'
G5 Samsun-Kozagzi 41°28'05.1" 35°49'56.8'
G6 Samsun-Carsamba 41°04'35.1" 36° 40' 09.0'
G7 Samsun-Bagkur 41°18'39.0" 36°20'02.5'
G8 Samsun- Baruthane 41°19'08.5" 36°19'13.6'
G9 Samsun-Nebyan 41°23'359" 35°59'06.2'
G10 Samsun-Kurupelit 41°22'16.0" 36°11'46.7'
Gl1 Sinop-Tingiroglu 41°47'41.0" 35°00'23.0"
G12 Samsun-Kavak 41°03'14.4" 35°56'59.8"

The collected seeds were firstly sown into seed trays. Then, they were transplanted to Experimental Field of Agriculture
Faculty of Samsun Ondokuz Mayis University with 70x70 cm spaces in autumn during 2016. The properties of experimental
area soil which were gathered from 0-15 cm deep were determined as a pH of 6.45, 7.90% CaCO3; and saltless (0.052 mmhos/cm).
Plants were not irrigated and fertilized during the study. In the 2018 vegetation period; at the beginning of growth, budding and
at the beginning flowering, the plants were harvested and the leaves were separated (Table 2). Besides, while sampling the leaves,
genotypes with the same habitus were taken into account.

Table 2- Harvest dates of B. bituminosa genotypes

Genotypes Beginning of growth Budding Beginning of flowering
Spain 10.05.2018 31.05.2018 07.06.2018
Kastamonu inebolu 10.05.2018 24.05.2018 31.05.2018
Samsun-Catalzeytin 10.05.2018 24.05.2018 31.05.2018
Sinop Kanligay 10.05.2018 24.05.2018 31.05.2018
Samsun-Kozagzi 10.05.2018 24.05.2018 31.05.2018
Samsun-Carsamba 10.05.2018 24.05.2018 31.05.2018
Samsun-Bagkur 10.05.2018 24.05.2018 31.05.2018
Samsun- Baruthane 10.05.2018 24.05.2018 31.05.2018
Samsun-Nebyan 10.05.2018 24.05.2018 31.05.2018
Samsun-Kurupelit 10.05.2018 24.05.2018 31.05.2018
Sinop-Tingiroglu 10.05.2018 24.05.2018 31.05.2018
Samsun-Kavak 10.05.2018 24.05.2018 31.05.2018

B. bituminosa leaf samples taken from the genotypes were dried under natural conditions and then extracted with NEOS
device (microwave system) in the ECO-Biotechnology Laboratory of Bilecik Seyh Edebali University, Biotechnology
Application and Research Centre. Secondary metabolite contents of the extracts were determined by LC-MS / MS. Secondary
metabolites determined in leaf samples of B. bituminosa were psoralen, angelicin, daidzein, genistein, daidzin and genistin. Prior
to the statistical analysis of the data obtained, transformation was applied and its suitability for normal distribution was examined.
The results of the study were analysed by using the MSTAT-C statistical package program with regards to the split pilot design.
Differences between genotype and physiological periods were determined by Duncan multiple comparison test. Besides, the
correlation coefficients among all observed components were calculated by the in SPSS version 18.0, while the Principal
component analysis (PCA) was carried out using the statistical software package PASW (18) Statistics Data Editor Program.

3. Results and Discussion
Mean squares and coefficient of variance for secondary metabolites and B. bituminosa genotypes are given Table 3. Accordingly,

the difference between the growth periods, genotypes and the interaction between genotype x growth period were found to be
significant at the 1% probability level for all secondary metabolites.
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Table 3- Mean squares and coefficient of variance for secondary metabolites and B. bituminosa genotypes

sgﬁgifoﬁf df Psoralen Angelicin Daidzein Genistein Daidzin Genistin

Growth period (GP) | 2 42.09** 7.17** 138.33** 9.81** 278.07** 172.38**

Genotype (G) 11 15.94** 2.08** 327.98** 7.16** 100.34** 98.56**

GPXG 22 9.32** 2.59** 115.86** 2.08** 73.78** 68.69**

CV% 0.46 7.52 3.73 3.37 0.50 1.05
**:P<0.01

The highest psoralen content was obtained at the beginning of flowering and genotype number 11 with 118.47 ppm; the
lowest psoralen content was obtained in budding and genotype number 12 with 3.88 ppm. Psoralen content in growth periods
was determined as the highest in the beginning of flowering, lower in budding and the lowest in the beginning of growth. When
the genotypes were compared, the highest psoralen content was determined in genotype number 8 (89.87 ppm) (Table 4).

Table 4- Psoralen contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding B??(;\rf]vz:?r?g()f Average**
Gl 53.89q 85.19h 64.49 mn 67.85 f
G2 34.51 x 24.14B 83.56 j 47.40h
G3 12.36 D 25.03 A 4329 v 26.89 k
G4 26.19z 49.78 s 43.31v 39.76 i
G5 4711t 107.16 ¢ 91.48 f 81.91b
G6 41.36 w 2593z 4555u 37.61]j
G7 2315C 104.66 d 84.09 ij 70.63 d
G8 72441 87.40¢ 109.77 b 89.87 a
G9 50.52r 84.63 hi 79.34 k 7149c
G10 79.57 k 62.86 0 63.76 n 68.73 e
Gl11 3113y 57.06p 118.47 a 68.89 e
G12 65.28 m 3.88E 9552 e 54.89 g
Average** 4479 ¢ 59.81 b 76.89 a

**: P<0.01 (While the interactions were lettered, capital letters were continued after the lowercase letters were finished). G1: Spain; G2: Kastamonu Inebolu;
G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Cargsamba; G7: Samsun-Bagkur; G8: Samsun- Baruthane; G9: Samsun-
Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.

The angelicin contents of the genotypes ranged from 0.11 ppm to 19.61 ppm. The highest angelicin content was determined
in genotype number 6 in the budding and the lowest angelicin content was determined in genotype number 5 in the beginning of
flowering. When the growth periods were compared, the highest angelicin content was found in the budding (4.29 ppm) and the
lowest angelicin content was found in the beginning of flowering (0.60 ppm) (Table 5).

Table 5- Angelicin content of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 0.16 tu 0.34q 0.22 stu 0.24i
G2 0.97 il 5.18e 0.37 p-s 217e
G3 1859 1357 Db 0.71 k-n 5.38b
G4 1829 0.81j-m 0.52 n-q 1.05f
G5 0.68 I-0 1.02 ijk 0.11u 0.60 gh
G6 0.32 grs 19.61a 0.47 o-r 6.80 a
G7 9.57¢ 0.58 m-p 0.86 j-m 3.67c
G8 1.07 hij 1.02 ijk 0.76 j-n 0.95f
G9 0.63 mno 0.16 tu 141h 0.73¢g
G10 0.78 j-n 0.34 qrs 0.29 rst 0.47h
Gl1 3.70f 1.20 hi 1.23 hi 2.04¢
G12 0.37 p-s 7.67d 0.26 rst 2.77d
Average** 1.83b 4.29a 0.60 ¢

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.
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Different researchers reported that Psoraleae varieties have a rich content of psoralen and angelicin, and they are used
traditional medicine (Rakhmankulov & Korotkova 1975; Cappelletti et al. 1984). Baskaran et al. (2001) and Milesi et al. (2001)
indicated that the psoralen is used for the photochemotherapy of vitiligo and skin diseases such as psoriasis, mycosis fungoidies,
and eczema. Besides, psoralen inhibits cancer (Oliveira et al. 2006). Angelicin is used for determining DNA/RNA structures in
cells and microorganisms, and the treatment of psoriasis (Kittler et al. 1980). Previous researches showed greater variability in
psoralen and angelicin contents between Psoralea varieties. This may be due to genetic differences and environmental factors.
Li et al. (2018) found that the psoralen and angelicin contents of Psoralea gingivalis were 6250 and 3125 ppm, respectively,
while Ahandani et al. (2013) determined that psoralen and angelicin contents of Psoraleae plumose were at 2744 and 3022 ppm,
respectively. Psoralen and angelicin contents may vary differences in the organs of plants. For example, Del Rio et al. (2010)
determined that the psoralen and angelicin content of Psoralea bituminosa leaves ranged between 2204-3416 and 2530-3918
ppm, respectively. On the other hand, Ahandani et al. (2013) indicated that the seeds of Psoralea corylifolia content of psoralen
and angelicin were at 7800 and 2300 ppm, respectively. The angelicin and psoralen contents in this study are different from
previous studies. This may be due to the varieties and ecological conditions.

The contents of daidzein and genistein determined in B. bituminosa leaf extracts are given in Tables 6 and Table 7. The
daidzein content of genotypes was ranged from 3.66 ppm (genotype number 1 at the beginning of flowering) to 37.57 ppm
(genotype number 5 at the budding period). When the growth periods were compared, the highest daidzein content was found at
the beginning of growth (18.27 ppm) and the lowest daidzein content was found in the budding period (14.78 ppm) (Table 6).
The highest genistein content was determined in genotype number 9 at the beginning of growth (6.34 ppm), while the lowest
genistein content was determined in genotype number 8 in budding period (1.27 ppm). The genistein content in the growth
periods from highest to lowest was at the beginning of growth, beginning of flowering and in the budding, respectively. When
the genotypes were compared, the highest genistein content was determined in genotype number 9 (4.99 ppm) (Table 7).

Table 6- Daidzein contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 9.74 op 6.76 r 3.66t 6.72
G2 10.63 0 542s 13.24n 9.76 i
G3 20.22 h 12.99j 2781c 20.34c
G4 9.30 pq 18.05n 15.30 m 14219
G5 19.44 hi 3757a 17.56 jk 24.86 b
G6 17.59 jk 9.53 pq 26.84 cd 17.99e
G7 21.30¢g 16.06 Im 15.39 Im 17.58 ef
G8 26.26 d 7.21r 18.62 ij 17.36 f
G9 30.92b 2427¢e 30.90 b 28.70 a
G10 18.38 ij 8.50¢q 16.57 kI 1448 ¢
Gl1 16.10 Im 8.60 q 15.47 Im 13.39h
G12 19.36 hi 2243fF 15.56 Im 19.12d
Average** 18.27 a 14.78 ¢ 18.08 b

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanhgay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.

Table 7- Genistein contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 1.92 qgr 1.60 st 1.71 st 1.74 h
G2 2.29 op 3.12 jk 3.49 gh 2.96 de
G3 5.65b 3.32hi 4.69d 4.55h
G4 1.76rs 2.65n 3.60g 2.67 f
G5 3.92f 2440 2.77 mn 3.04d
G6 3.83f 2.20p 3.02 kl 3.01d
G7 2.22p 2.29 op 2.27 op 2.26 9
G8 3.80f 1.27u 3.01 Kl 2.60f
G9 6.34a 5.26 ¢ 3.38 hi 4.99 a
G10 3.291j 157t 413e 2.99 de
G11 3.84f 196 q 2.87 Im 289¢
G12 4.18e 2.90 Im 3.00 kI 3.36¢C
Average** 359a 255¢ 3.16b

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.
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Adlercreutz et al. (1991) and Setchell et al. (1981) explained that the daidzein has reduced breast cancer occurrence, and play
a key role in the protection against colon cancer. Bouquet et al. (1998) reported that the daidzein concentration of Psoraleae
varieties is greater in the stems than in the leaves, and it was ranged between 174-6072 ppm. Genistein is a secondary matter an
estrogenic preventing bone resorption and promotes increased bone density (Anderson et al. 1995; Arjmandi et al. 1996; Alekel
et al. 2000). Hsu et al. (2001) reported that the genistein content of Psoralea corylifolia was at 7800 ppm. Mustonen et al. (2018)
reported daidzein and genistein content of red clover were ranged between 250-310 and 490-550 ppm, respectively. Our results
showing a great difference between the previous studies. Sivesind & Seguin (2005) indicated that if there are environmental
effects (soil) and plant phenological traits (plant age and growth period), the variety choice will influence most on isoflavonoid
amounts. Besides, Kallela et al. (1988) and Saloniemi et al. (1995) reported that the isoflavone content of the plants was higher
in the early growth periods than in the late periods. Similarly, in this study, daidzein and genistein content of the beginning of
growth was higher than other growing periods.

The contents of daidzin and genistin determined in B. bituminosa leaf extracts were given in Tables 8 and Table 9. When
Table 8 is examined, the daidzin content of B.bituminosa genotypes showed change among growth periods. The daidzin content
of the plant between 0 ppm and 381.66 ppm. Accordingly, the highest daidzin content was determined in genotype number 6 at
the beginning of flowering. When the growth periods were compared, the highest daidzin content was found at the beginning of
flowering (113.05 ppm) and the lowest daidzin content was found at the beginning of growth (25.46 ppm) (Table 8). Genistin
contents of genotypes ranged from 0 ppm to 330.14 ppm, while the highest genistin was obtained from genotype number 6 and
in the beginning of growth (Table 9). Genistin content was not found in many genotypes especially in the budding period.
Besides, when the genotypes were compared, the highest genistin content was determined in genotype number 3 (137.82 ppm)
(Table 9).

Table 8- Daidzin contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 000 F 55.52q 192 A 19.14
G2 355y 000 F 8.93u 4.16 |
G3 102.78 m 0.83C 18.65s 40.75h
G4 1.18B 231.53¢c 222.29 ¢ 151.66 b
G5 3.33y 275.09 b 224.47 d 167.63 a
G6 031E 000 F 381.66a 127.32d
G7 79.76 0 112.98 1 146.07 h 11294 ¢
G8 0.96 C 43.89r 215z 15.66 k
G9 8.33v 182.78 g 4.31x 65.14 g
G10 7.53 w 75.70 p 15.86 t 33.03i
Gl1 89.71n 115.10 k 190.99 f 131.93¢
G12 8.06 v 126.85j 139.34 | 91.41f
Average** 2546 ¢C 101.69 b 113.05a

**: P<0.01 (While the interactions were lettered, capital letters were continued after the lowercase letters were finished). G1: Spain; G2: Kastamonu Inebolu;
G3: Samsun-Catalzeytin; G4: Sinop Kanligay; G5: Samsun-Kozagzi; G6: Samsun-Cargsamba; G7: Samsun-Bagkur; G8: Samsun- Baruthane; G9: Samsun-
Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.

Table 9- Genistin contents of B. bituminosa (ppm)

Genotypes Beginning of growth Budding Beginning of flowering Average**
Gl 000 r 000 r 30.96n 10.32
G2 130.31 f 38.111 130.30 f 99.57 e
G3 40.89 k 241.67b 130.89 ef 137.82a
G4 167.31c 163.98 d 15.850 115.71¢c
G5 24451b 000 r 85.57h 110.02 d
G6 330.14 a 000 r 34.95m 121.69 b
G7 6.86 p 000 r 000 r 2.28 k
G8 000 r 000 r 52.48 | 17.49h
G9 000 r 000 r 131.09 ef 43699
G10 000 r 000 r 4497 j 14.99 |
Gl1 133.29 e 000 r 15.19 0 49.49 f
G12 38.021 0.23¢q 109.35¢g 49.20 f
Average** 90.94 a 37.00¢c 65.13 b

**: P<0.01. G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanhgay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba; G7: Samsun-
Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-Kavak.
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Daidzin and genistin is a natural organic compound in the class of phytochemicals known as isoflavones. Bituminaria
bituminosa was less than daidzein and genistein content compared to the previous studies. Lojza et al. (2004) reported that
daidzein and genistein content of soybean ranged between 249-468 and 280-618 ppm, respectively. On the other hand, the harvest
time has influenced daidzin and genistin. This indicates that the plant secretes metabolites at different times.

Table 10 shows binary relationships among secondary metabolites in terms of the mean values of B. bituminosa genotypes.
Accordingly, a negative and very important relationship was found between psoralen with angelicin (r = - 0.690) and genistin (r
= 0.755). In other words, increased psoralen in genotypes lead to a decrease in angelicin and genistin and vice versa. Besides,
while there was a negative and significant relationship between furanocoumarins (psoralen and angelicin), a significant and
positive relationship was found between isoflavonoids (daidzein, genistein) and isoflovan glycosides (daidzin and genistin).

Table 10- Bilateral relationships between secondary metabolites of B. bituminosa genotypes

Angelicin Daidzein Genistein Daidzin Genistin
Psoralen - 0.690** 0.230 -0.343 -0.121 - 0.755**
Angelicin 0.032 0.232 0.157 0.439
Daidzein 0.078 -0.208 -0.018
Genistein 0.460 0.415
Daidzin 0.216
**: P<0.01.

To determine the multivariate relationships between the secondary metabolite values of B. bituminosa genotypes, biplot
analysis, which is the principal component analysis (PCA) of both genotypes and secondary metabolites, was carried out. Biplot
analysis was performed by comparing PC1 and PC2 values. When the biplot graph is examined, PC1 (Main component 1) is
42.0% and PC2 (Main component 2) is 26.6% and the total variation is 68.6%. In the first group, since the angle value between
the vectors belonging to the properties of angelicin and genistin is 90° lower, these two properties are in the same group. In the
second group, the angle between the vectors belonging to genistein, daidzein and daidzin content is found to be less than 90° and
these properties are in the same group. The third group is the psoralen vector. In the biplot graph, genotype number 2, 3, 4 and
6 are prominent in terms of content of angelicin and genistin. In the second group, genotype number 9 and 12 are prominent in
terms of content of genistein, daidzein and daidzin. Genotypes number 5, 7, 8 and 10 fall into the same group in terms of psoralen
(Figure 1).
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4
a3 Daidzein
=G9 A
2 .
- Genistein

Psoralen G5

PCA2 (26.6 %)

-3

4 b
4 3 2 1 0 1 2 3 4

PCA1 (42.0 %)
Figure 1- Principal Component Analysis of secondary metabolites of B. bituminosa
G1: Spain; G2: Kastamonu Inebolu; G3: Samsun-Catalzeytin; G4: Sinop Kanlicay; G5: Samsun-Kozagzi; G6: Samsun-Carsamba;
G7: Samsun-Bagkur; G8: Samsun- Baruthane; G9: Samsun-Nebyan; G10: Samsun-Kurupelit; G11: Sinop-Tingiroglu; G12: Samsun-
Kavak

4. Conclusions

Secondary metabolites determined in leaf samples of B. bituminosa were found to be different both in genotypes and growth
periods. When the growth periods were compared, it was found that furanocoumarins (psoralen and angelicin) and isoflovan
glycosides (daidzin and genistin) showed a change in B. bituminosa leaves and these varied in three different growth periods.
However, isoflavonoids (daidzein, genistein) were found to be higher in the beginning of growth than the other two periods.

On the other hand, as a result, all genotypes performed remarkably in terms of secondary metabolites. Besides, the number
12 genotype (Samsun-Kavak) was prominent in terms of angelicin, daidzein, genistein, daidzin, and genistin compared to the
other genotypes.

In the literature, there is limited study on the changes in the amount of secondary metabolites both in different genotypes and
in different growth periods of B. bituminosa. In this respect, the present study fills this gap. At the same time, the study will shed
light on future studies about B. bituminosa.
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