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ABSTRACT

This study investigated the wildly grown (gapla) Bongardia chrysogonum collected from Qaradagh district,
Sulaymaniyah governorate, during March—April 2024, aiming to quantify the phytochemical contents and assess
antioxidant and antibacterial activities in different parts (tuber bark, tubers, stems, leaves, flower buds, and
flowers). Tuber bark contained the highest phenols (164.9 mg/g). Leaves recorded the highest flavonoids (27 mg/g)
and glycosides (20 mg/g), while flower buds showed the highest alkaloids (23.3 mg/g). HPLC analysis of phenolic
compounds revealed distinct distributions: flower buds were rich in gallic, chlorogenic and caffeic acids with
(124.9, 92.6 and 98.7 pg/g), respectively. Leaves accumulated rutin, quercetin, kaempferol and ferulic acid with
(124.9, 117.9, 80.9 and 87.4 ug/g), respectively. Stems contained naringenin (80.65 pg/g) and hydroxybenzoic
acid (60.9 ng/g), while tubers showed a peak in apigenin (76.9 ug/g). Alkaloids profiling detected scopolamine,
quinine, caffeine, and xanthine in tubers and flowers only. Tubers contained the highest levels (147.9, 116.9, 74.6,
and 98 pg/g), respectively compared to flowers (74.6, 88.5, 58.9, and 0 pg/g). Nutritionally, flower buds contained
the highest carbohydrates (14.5%), nitrogen (6.3%), and phosphorus (0.88%), whereas leaves had the highest
potassium (3%). All parts exhibited antioxidant activity; flower buds and tuber barks were the most effective (1Csg
= 90.2 pg/mL and 94.1 pg/mL), stronger than vitamin C (133 pg/mL). Antibacterial assays showed tuber bark
most active against gram-positive bacteria at 5 mg/mL, while leaves (10-40 mg/mL) inhibited gram-negative
strains. In conclusion, this wild plant is rich in bioactive compounds, demonstrating strong nutritional, antioxidant,
and antibacterial potential, and represents a promising natural resource.
Keywords: Bongardia chrysogonum, Phytochemical analysis, Antioxidant activity, Antibacterial activity, HPLC

for alkaloids and phenolic compounds.
Copyright © 2026. This is an open-access article distributed under the Creative Commons Attribution License.

INTRODUCTION

Medicinal plants have played a central role in traditional healthcare systems across human history. Their use as
therapeutic agents dates back centuries and continues to be relevant, particularly in rural and developing regions where
access to modern medicine remains limited [1]. Among these, Bongardia chrysogonum is a perennial herbaceous plant
belonging to the Berberidaceae family. It is characterized by tuberous roots measuring 4 to 8 cm in diameter, upright
flowering stems reaching 20 to 70 cm in height, and distinctive leaves composed of multiple pairs of opposite lateral
leaflets, ending with a larger terminal leaflet. Its bisexual, bright yellow flowers appear in loose, branched clusters at
the top of slender stems [2].
Geographically, B. chrysogonum is widely distributed across parts of southern Europe and western and central Asia,
including Greece, Cyprus, Turkey, Iran, Afghanistan, and the northwestern regions of India [3]. In the Arab world,
the plant is commonly known as “Uruf-el-Deek” [4], while in the Kurdistan Region of Iraq, it is referred to as “Geple”,
“Kaprooka” or “Tarshauka” [3, 5]. The people of Iragi Kurdistan are unique in using flower buds of plants compared
to other countries that widely use tubers. These unopened flower buds are used in preparing various types of food,
they are mixed with eggs to make omelets or prepared with yogurt to create different kinds of salads [5].
Beyond its local dietary uses, B. chrysogonum is known in various cultures for its medicinal properties. Its tubers are
commonly prepared as aqueous infusions and traditionally used in the treatment of urinary tract disorders, prostate
enlargement [6, 7], diabetes [8], epilepsy, and cancer [9]. Recent scientific observations have suggested that extracts
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from its roots may exhibit notable antioxidant effects, enhancing its potential as a natural therapeutic agent [10].
Phytochemical investigations have identified a diverse range of secondary metabolites within the tubers of B.
chrysogonum, including various alkaloids such as bongardamine, bongardine, N-acetyl bongardine, lupanine,
isoquinoline derivatives, in addition to several phenolic compounds and saponins. These constituents are believed to
contribute to the plant’s observed pharmacological effects [11-13]. Given the increasing global concern regarding
antimicrobial resistance and the urgent need to explore alternative natural remedies, further investigation into the
bioactive potential of traditionally used medicinal plants has become essential. Although B. chrysogonum has been
cited in ethnobotanical literature, comprehensive scientific evaluation remains limited. Therefore, the present study
aims to provide a detailed analysis of B. chrysogonum collected from the Qaradagh region in Sulaymaniyah
governorate, Iraq. This research focuses on quantifying the bioactive compounds present in different plant parts using
high-performance liquid chromatography (HPLC), and evaluating their antioxidant and antibacterial activities against
selected antibiotic-resistant bacterial strains.

Materials and Methods
Plant collection and identification
Plants were randomly collected as follows: Plant parts, including tubers, stems, leaves, flower buds, and flowers,
were collected from late March to early April 2024 with 5 replications each replicate had 6 experimental units (Fig.1),
from the Qaradagh area, Sulaymaniyah governorate, Kurdistan Region, Iraq (Northeastern Iraq) (Fig. 2). The plant
was identified by the I,rqagi National Herbarium.
s - o
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Figure 1. The plant parts of B. Chrysogonum: A. flower bud and stem, B. flower and leaves, C. tubers.
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Figure 2. Map of the distribution of collection site of the B. chrysogonum.

Table 1. Shows monthly averages of minimum and maximum temperatures, as well as rainfall during January to June
2024 of the study location (Qaradagh).

Air temperature °c

Month Max Min Rainfall (mm)
January 175 12.1 235.1
February 16.2 10 255.5
March 19 12 2334
April 29.8 19.8 65
May 335 18.8 171
June 37.9 32.6 1

* The data were obtained from the meteorological station in Sulaimani.
Regarding soil characteristics, Table 2 depicts some physical and chemical characteristics of the soil taken from the
study locations.

Table 2. Physical and chemical characteristics of the soil of locations under study.

Property Units Value

Soil depth cm 0-30
Sand g kg of soil 189
Silt g kg of soil 437
Clay g kg of soil 374
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Soil texture - Silty clay loam

Electrical Conductivity (EC) dS m? 0.42
Soil pH - 7.11

Organic Matters g kg of soil 47.12
Carbonate Minerals g kgt of soil 211

Available (N) nitrogen mg kg of soil 40.67
Available (K) potassium mg kg of soil 188

Available (P) phosphorus mg kg of soil 29.74

*Soil analysis was carried out in a central laboratory for soil, water and plant analysis in the College of Agricultural
Engineering Sciences / University of Baghdad.

Plant materials preparation and extraction

After collection, samples were prepared at the University of Sulaimani (Research Laboratory), washed thoroughly
with running water, then separated into tubers, tuber barks, stems, leaves, and flowers. Each part was air-dried at
25+2°C in the shade with good ventilation, ground to a fine powder, and stored in sealed containers kept in a
refrigerator at 4 °C for further analysis.
For extraction, 25 g of each powdered part were mixed with 250 mL of 80% ethanol and stirred for 10 min. The
mixtures were incubated in a 37 °C water bath for 2 h with occasional stirring, then kept in the dark for 22 h. Filtrates
were obtained using Whatman No.1 filter paper, then the extract was divided into two equal parts, one of them stored
in the freezer at -8 °C for photochemical study , and the other one put in a glass to let it drying under a fan for three
days, after drying stored in freezer at -8 °C for microbiological study [14].

Phytochemical analyses
Determination of total phenols

Total phenolic content was assayed in the ethanolic extracted with Folin-Ciocalteu reagent as described by [15]
with some modifications. 20 uL of extract was mixed with 4 mL of 10% Folin-Ciocalteu reagent and permitted to
react for (5 min) at room temperature. Then, 2 mL of 20% sodium carbonate solution was added and left for (60 min)
at room temperature. In regard to blanks, the same procedure above was repeated except without the extract.
Measurement was carried out by measuring with a spectrophotometer at 765 nm. Total phenolic content was expressed
in milligrams of gallic acid equivalent (GAE) per gram of plant powder.

Determination of total flavonoids

The total flavonoid content was determined using a colorimetric method based on aluminum chloride, as described
in references [16]. In this method, approximately 40 pL of the extract was added to 1.5 mL of 80% ethanol, followed
by the addition of 0.1 mL of 10% aluminum chloride solution, 0.1 mL of 1 M potassium acetate, and 2.8 mL of
distilled water. The mixture was then allowed to stand for at least 30 minutes at room temperature. A blank sample
was prepared using the same reagents without the addition of the plant extract. The absorbance of the mixture was
measured at 415 nm using a UV-Vis spectrophotometer. Quercetin was used to construct the calibration curve, and
the results were expressed as milligrams of quercetin equivalent (QE) per gram of dry sample.

Determination of total alkaloids

The total alkaloid content was estimated by using Bromocresol Green (BCG) colorimetric assay, 1 mL of the
extract was combined with 5 mL of 2N HCL and then filtered. From the filtrate, 1 mL was placed into a separating
funnel, to which 10 mL of chloroform was added. The mixture was shaken well, and the organic layer was removed.
The remaining solution was neutralized with 0.1 N NaOH. Subsequently, 5 mL of Bromocresol Green (BCG) reagent
and 5 mL of phosphate buffer (pH 4.7) were added. The absorbance of the resulting solution was recorded at 470 nm
using a UV-Vis spectrophotometer. Alkaloid concentration was quantified using a standard calibration curve, and the
results were expressed as milligrams of atropine equivalent per gram of plant powder [17].
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Determination of total glycosides

For the determination of glycoside content in the extract, 1 mL of the extract was mixed with 1 mL of freshly
prepared Baljet's reagent: [1% picric acid (95 mL) + 10% NaOH (5 mL)]. An hour later, 20 mL of distilled water was
added to dilute the solution. Then the absorbance was read at a wavelength of 495 nm using a UV-Vis
spectrophotometer. The total glycoside content was approximated on the basis of a standard calibration curve prepared
using securidaside and expressed as milligrams of securidaside equivalent per gram of plant powder [16, 18].

Determination of total carbohydrates

The carbohydrate percentage was determined following the phenol—sulfuric acid method [19]. For each plant part,
0.2 g of dry weight was placed in a test tube and extracted with 8 mL of 80% ethanol in a water bath at 60 °C for 30
min. The mixture was centrifuged for 15 min, and the supernatant was collected. This process was repeated three
times, after which the pooled extracts were adjusted to a final volume of 25 mL with perchloric acid (HCIO,4,1N).
Subsequently, 1 mL of the extract was mixed with 1 mL of 5% phenol and 1 mL of concentrated sulfuric acid (97%),
producing a brown coloration. A blank was prepared using the same procedure without plant material. Absorbance
was recorded at 490 nm using a spectrophotometer, and carbohydrate concentrations were determined from the
glucose standard curve. The carbohydrate percentage was calculated as:
Carbohydrates% = Concentration x dilution / Sample weight x100

Determination of total nitrogen, phosphorus, and potassium

The digestion solution was prepared by mixing concentrated sulfuric acid (H,SO,) and perchloric acid (HCIO,)
in a ratio of 4:9. One gram of powdered plant material was placed in a 100 mL glass flask, and 15 mL of the digestion
solution was added. The mixture was gently heated on an electric hotplate, gradually increasing the temperature until
reddish-brown nitrogen dioxide (NO,) fumes appeared and the solution began to boil. Heating continued until the
volume was reduced to 3-5mL, taking care not to allow complete dryness. The appearance of a clear, colorless
solution indicated that digestion was complete. After cooling, 20 mL of distilled water was added, and the final volume
was adjusted to 100 mL with deionized water. The solution was then filtered prior to analysis.

¢ Nitrogen (N) content was determined using the Micro-Kjeldahl method.

e Phosphorus (P) was measured by the Molybdenum Blue method at 490 nm.

e Potassium (K) was quantified using Atomic Absorption Spectroscopy (AAS) [20].

Extraction and analysis of phenolic compounds using HPLC

Three grams of finely powdered plant material were extracted with 60 mL of a methanol-water mixture (40:60,
v/v) and allowed to macerate for 24 hours. The mixture was then filtered, and the filtrate was concentrated under
reduced pressure at 40 °C to a final volume of 5 mL. The concentrated extract was subjected to alkaline hydrolysis by
adding 5 mL of 2N sodium hydroxide (NaOH) and incubating for 30 minutes. The pH was subsequently adjusted to
7.0 using 2N hydrochloric acid (HCI). Phenolic acids were extracted via liquid-liquid extraction with ethyl acetate (20
mL, three times). The combined organic phases were evaporated under vacuum, and the residue was reconstituted in
7 mL of pure methanol. A 10 pL aliquot of this solution was injected into the HPLC system for analysis. High-
performance liquid chromatography (HPLC) was performed using a C18-ODS column (250 mm x 4.6 mm, 5 pm
particle size). The mobile phase consisted of 95% acetonitrile (solvent A) and 0.01% trifluoroacetic acid (solvent B),
delivered at a flow rate of 1 mL/min. The gradient program was set as follows: 60% A from 0 to 5 minutes, 70% A
from 5 to 7 minutes, and 40% A from 7 to 15 minutes, followed by a return to the initial conditions. Detection was
carried out at 278 nm using a UV-Visible detector [21].

Extraction and analysis of alkaloid compounds using HPLC

For alkaloid analysis, 10 mg of dried sample was mixed with 50 mL of ethanol containing 25% aqueous ammonia
at a ratio of 20:1. The mixture was incubated at room temperature for 30 minutes and then centrifuged. The supernatant
was evaporated at 45 °C, and the residue was extracted twice with 0.7 mL of 0.1N hydrochloric acid (HCI). The
combined acidic extracts were filtered through a 0.45 um Millipore membrane. The pH of the filtrate was adjusted to
9.8 using 0.4 mL of sodium carbonate (Na,CO3), followed by two successive extractions with 3.0 mL of chloroform.
The chloroform fractions were pooled, evaporated to dryness, and the residue was re-dissolved in 100 mL of 50%
aqueous methanol. High-performance liquid chromatography (HPLC) was performed using a SYKAM system
equipped with a C18-0ODS column (25 cm x 4.6 mm). The mobile phase consisted of methanol and distilled water
(80:20, v/v), delivered at a flow rate of 1.0 mL/min. Detection of alkaloids was carried out at 254 nm using a UV
detector [22].
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Antioxidant activity

The antioxidant activity was evaluated using the DPPH assay [23]. Solutions of ascorbic acid and the plant extract
were prepared in 95% ethanol at concentrations of 30, 60, 120, 250, and 500 pg/mL. From each solution, 50 puL was
added to 1950 pL of DPPH solution (6 x 10~5 M). The mixtures were shaken vigorously and left to stand in the dark
at room temperature for 30 minutes. For the control, 50 pL of 95% methanol was combined with 1950 pL of the
DPPH solution. After incubation, the absorbances of all samples were measured at 515 nm. The percentage of
antioxidant activity was calculated using the formula:
Antioxidant activity (%) = (Absorbance of control - Absorbance of the sample) / (Absorbance of control) x 100.
The ICs, value (the concentration needed to reduce 50% of DPPH radicals) was then determined from the relationship
between concentration and percentage inhibition.

Antibacterial activity

Five Multidrug-Resistant bacteria, including, gram-positive species (Staphylococcus haemolyticus and
Staphylococcus aureus) and gram-negative species (Proteus mirabilis, Klebsiella pneumoniae, and Escherichia coli)
were employed in the antimicrobial study, the samples were from urine infection. The isolates were identified by
VITEK2 compact system at the microbiology lab of the Sulaimani Teaching Hospital.

Agar well diffusion assay

Agar well diffusion assay was conducted to analyze the antimicrobial activity of B. chrysogonum extracts,
according to a procedure obtained from [24]. Each bacterial strain was grown overnight in nutrient broth at 37 °C. The
bacterial suspension was adjusted to 1.5 x 108 CFU/mL, which is optically equivalent to 0.5 McFarland standard.
Thirty (30 mL) of nutrient agar were poured in to Petri dishes and allowed to solidify at room temperature. A sterile
cotton swab was used to evenly spread the freshly made bacterial inoculum throughout the whole agar surface. Wells
were created using sterile gel puncture tool, and 100 pL of dry plant extract in concentration 20 mg/mL was then
added to the well. After 1 hour of standing at room temperature, the plates were incubated overnight (24 hours) at 37
°C. The zones of inhibition were measured in millimetres (mm).

Minimum inhibitory concentration (MIC) & minimum bactericidal concentration (MBC)

The Minimum Inhibitory Concentration (MIC) of B. chrysogonum extracts was determined using the
microdilution technique [25]. The MIC is defined as the lowest concentration of an antimicrobial agent that inhibits
visible bacterial growth after overnight incubation. After dissolving the extract in 1% (v/v) dimethyl sulfoxide
(DMSO0), serial doubling dilutions of the extract were made in distilled water at concentrations varying between 1.25
mg/mL to 40 mg/mL. To find the MIC, the fresh overnight bacterial culture was adjusted to 0.5 McFarland [26]. In
Eppendorf tubes, 250 yL of bacterial culture was mixed with 250 uL of extract at each concentration (1.25, 2.5, 5, 10,
20, and 40 mg/mL). Blank: 250 pL nutrient broth + 250 pL extract (per concentration). Furthermore, a positive control
was administered using 250 pL of bacterial culture combined with 250 uL of nutrients broth, and a negative control
was 500 pL of nutrient broth. Tubes were incubated at 37 °C for 24 hours, after which MIC values were determined
by visual inspection of turbidity (indicating bacterial growth). Five replicates were tested per concentration.
Additionally, 5 uL of each Eppendorf was sub-cultured in nutrient agar plates to determine the minimum bactericidal
concentration (MBC). The plates were then incubated for 24 hours at 37 °C. MIC determinations were repeated at
least twice for each bacterium and each tested agent in different times.

Statistical analysis

Statistical analysis was performed using the XLSTAT (Version: 2019.2.2) statistical software tool, and a Complete
Randomized Design (CRD) was carried out for five replications of the phytochemical investigation using a single
factor (plant parts).

Results and Discussions
Total phenols, flavonoids, alkaloids, and glycosides

The data presented in (Fig. 3) demonstrate clear differences in the distribution of phytochemicals across the various
plant parts. Tuber barks were found to be the richest source of phenolic compounds, reaching (164.9 mg/g), whereas
flower buds and leaves contained moderately high levels (98.17 and 90.48 mg/g, respectively). The tubers also showed
a noticeable amount (66.85 mg/g), while the stem exhibited the lowest phenolic concentration at (32.72 mg/g). This
distribution indicates a strong relationship between the high concentrations of phenolics and the defensive function of
different plant parts. The role of phenolic compounds is well recognized in protecting plants against oxidative damage,
environmental stress, microbial infection, and herbivores. Their high abundance in tuber barks, which serve as
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essential structures for storage and regeneration, is consistent with the findings of [27] in their study on Xylia
xylocarpa. Similarly, Witzell and Martin (2008) reported that phenolics in tree bark play a dual role as antioxidants
and antifungal agents[28]. The quantitative phytochemical analysis performed by Gezici and Sekeroglu (2022)
reported that the ethanolic extracts of B. chrysogonum parts (leaves, stems, tubers) contain significant levels of
polyphenols, specifically, the leaves extract) [4].

Flavonoid content was most abundant in the leaves (27 mg/g), followed by the flowers (24.63 mg/g) and flower buds
(20 mg/g). The stem also contained a moderate level of flavonoids (15.54 mg/g). The lowest concentrations were
detected in the tubers (5.93 mg/g) and tuber barks (4.56 mg/g), with significant difference between these two parts.
The findings revealed that leaves contained the highest levels of flavonoids, likely due to their direct exposure to
ultraviolet (UV) radiation and their essential role in photosynthesis. Elevated flavonoid concentrations help protect
leaves from UV damage and oxidative stress [29]. This agrees with the observations of [30] in Moringa oleifera,
where leaves were identified as the richest source of flavonoids. Likewise, [31] reported that Clerodendrum
trichotomum leaves are abundant in flavonoids and phenolic glycosides, while Tungmunnithum et al. (2018)
highlighted the protective role of flavonoids as a natural barrier against UV radiation [32]. The earlier research on B.
chrysogonum conducted in Turkey indicated a significant leaf flavonoid concentration of (240.74 mg QE/g), which
strongly corroborates our findings. This agreement reinforces the notion that the species is an abundant source of
bioactive flavonoids. Additionally, the consistent distribution pattern, with the highest concentration in leaves, a
moderate level in stems, and the lowest in roots, further supports our results.

For alkaloids, flower buds recorded the highest accumulation (23.3 mg/g), which was significantly greater than in the
other plant organs. Flowers (20.5 mg/g) and leaves (18.5 mg/g) also showed relatively high amounts, while the stem
contained a lower level (5.8 mg/g). The tubers (3.5 mg/g) and their bark (4.4 mg/g) contained the lowest levels without
a significant difference between them. The results indicated that flower buds and flowers contained the highest
concentrations of total alkaloids, which is reasonable since these are the plant’s reproductive organs that require
protection against microbial infection and herbivores. Similar findings were reported [33] in Zilla spinosa and by [31]
in Clerodendrum trichotomum. [34] also confirmed the presence of alkaloids in the flowers of Nyctanthus.
Regarding glycosides, the results revealed that the leaves contained the highest amount (20 mg/g), showing a
significant difference compared to other plant parts. This was followed by the flowers (13 mg/g), which did not differ
significantly from the flower buds (12.4 mg/g). Moderate levels were found in the tuber bark (2.6 mg/g) and tubers
(2.3 mg/g), while the lowest value was recorded in the stem (1.1 mg/g). The high concentration of glycosides in leaves
can be attributed to their role as the primary site of photosynthesis, where many secondary metabolites are synthesized
from carbohydrate-derived pathways. In addition, glycosides act as defensive compounds against herbivores,
pathogens, and environmental stress, particularly UV radiation and oxidative damage, to which leaves are highly
exposed [35, 36]. Similar results were observed in the leaves of Moringa oleifera, which are rich in glycosides and
flavonoids [30] and in Clerodendrum trichotomum, where leaves contained high levels of phenolic glycosides [31].
These findings are consistent with the general view that secondary metabolites, including glycosides, tend to
accumulate in metabolically active and environmentally exposed tissues such as leaves [32, 37, 38].
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Figure 3. The total contents of phenols, flavonoids, glycosides, and alkaloids in the extracts of different plant parts
of B. chrysogonum are presented. Different letters indicate significant differences among means according to
Duncan’s Multiple Range Test (P < 0.05).
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Total carbohydrates, nitrogen, phosphorus, and potassium

Figure 4 demonstrates noticeable differences among the plant parts in their levels of total carbohydrates and the
macronutrients N, P, and K. Carbohydrates were most abundant in the flower buds (14.5%), followed by the flowers
(13.6%) and stems (13.2%), while the tuber bark contained the lowest proportion (3.3%).
Carbohydrate levels are higher in flower buds and flowers than in other plant parts due to their rapid growth and high
energy demands for flowering and gamete production. These carbohydrates are temporarily accumulated in the form
of sucrose and fructose, supplied from other parts [39]. Tubers mainly store starch as a long-term reserve, which may
not appear clearly in rapid assays [37]. Leaves continuously produce carbohydrates but export much of it to developing
organs, reducing their relative accumulation [40]. This reflects the source sink relationship, where carbohydrates are
redistributed according to the metabolic needs of active tissues [41].
Nitrogen and phosphorus showed a parallel pattern, reaching their highest values in the flower buds (6.3% and 0.88%,
respectively) and decreasing progressively in the leaves and flowers, with the lowest amounts again recorded in the
tuber bark. The higher concentrations of nitrogen (N) and phosphorus (P) observed in flower buds and flowers can be
explained by their role as highly active reproductive organs. Nitrogen is essential for the synthesis of amino acids,
proteins, and enzymes that support rapid cell division and growth [42]. Phosphorus, on the other hand, is required for
nucleic acids and plays a key role in energy production through ATP, which fuels metabolic and developmental
processes in these tissues. In addition, the translocation of nutrients from storage organs such as tubers or from leaves
to the developing reproductive structures further enhances the accumulation of N and P in buds and flowers during
the flowering stage [39].
Potassium, however, exhibited a distinct distribution. The leaves accumulated the greatest percentage (3.0%), followed
by the flower buds (2.87%), whereas flowers and stems, displayed nearly equal levels. The minimum potassium
concentration was observed in the tuber bark (1.05%). The high concentration of potassium in leaves can be explained
by its vital role in these active vegetative tissues. It is a key osmotic regulator that controls water movement and the
opening and closing of stomata, which explains its accumulation in leaves [39]. It also contributes to the activation of
many enzymes associated with photosynthesis and metabolism, including carbon fixation and protein synthesis [42].
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Figure 4. The total carbohydrates, Nitrogen, phosphorus, and potassium in the extracts of different plant parts of B.
chrysogonum are presented. Different letters indicate significant differences among means according to Duncan’s
Multiple Range Test (P < 0.05).

HPLC analysis of phenolic compounds

HPLC analysis revealed a highly variable and diversified profile of phenolic compounds among the different plant
parts of B. chrysogonum (Table 3). The compound accumulation was highly tissue-specific. Gallic acid was the most
prevalent phenolic acid in all the examined parts, and its content was highly significant in the reproductive tissues:
flower buds (124.9 ug/g) and flowers (118.8 ug/g). Similarly, quercetin was found at high levels in the above-ground
components, and leaves had the maximum level (117.9 pg/g), higher than flower buds (114.7 pg/g) and flowers (98.8
ug/g). Rutin was also predominant in leaves (124.9 pg/g), and it exhibited much higher levels significantly than a
group of other examined components. Kaempferol was detected in all components except the reproductive organs,
and it was maximally concentrated in leaves and tubers. Naringenin was detected in all components except tubers and
leaves, and it was concentrated maximally in the stem. Caffeic and chlorogenic acids were detected solely in the
above-ground parts, the flower buds having the highest concentrations for both (98.7 pg/g and 92.6 pg/g, respectively).
Other compounds had a more restricted occurrence. Apigenin was exclusively detected in the underground
components, at higher levels in the tubers than in the tuber barks. Ferulic acid showed a significantly higher
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concentration in the leaves (87.4) compared with the flower (80.2) and flower buds (79.2), whereas hydrobenzoic acid
was detected exclusively in the stems (60.9 pg/g). The exclusive compartmentalization of phenolic compounds thus
leans toward distinctive biological roles for each part of the plant. The compartmentalized and distinctive phenolic
profile in B. chrysogonum is not random but reflects the specialized physiological and ecological function of plant
parts. The far higher concentration of gallic acid, quercetin, and rutin in the aerial parts, particularly in leaves and
reproductive organs (flower buds and flowers), is a common defense mechanism in plants. These organs are most
sensitive to abiotic stressors such as UV radiation, herbivory, and pathogen infection [43]. The presence of apigenin
specifically in the below-ground parts (tubers and tuber barks) may be due to its role in protecting against soil-borne
pathogens or in regulating rhizosphere interactions because certain flavonoids were known to influence microbial
communities in the soil [44]. Furthermore, organ-specific accumulations of ferulic acid (in leaves alone) and
hydrobenzoic acid (in stems alone) suggest that there is a rigorous control of their biosynthetic pathways, perhaps
based on the structural and functional demands of each organ. Ferulic acid, for instance, is a key monomer of lignin
biosynthesis and plays a role in cell wall stiffness and integrity [45].

Table 3. HPLC analysis of B. chrysogonum parts for phenolic compounds. Different letters indicate significant
differences among means according to Duncan’s Multiple Range Test (P <0.05)

Compounds Tuber barks Tubers Stems Leaves Flower buds Flowers
Ha/g Ha/g Ha/g Ha/g Ha/g Ha/g
Gallic acid 80.7¢c 77.9d 70.6 e 65.4 f 1249a 118.8b
Rutin 88.7b 82.6¢c - 1249 a 80.6 ¢ 74.8d
Quercetin - - 79.8d 1179a 114.7b 98.8¢c
Kaempferol 73.6¢ 80.8a 77.4b 80.9a - -
Naringenin 709¢ - 80.65 a - 779b 70.8¢
Caffeic acid - - - 925D 98.7 a 90.8Db
Chlorogenic acid - - - - 92.6a 81.4Db
Apigenin 716b 76.9 a - - - -
Ferulic acid - - - 87.4a 79.2¢c 80.2b
Hydrobenzoic acid - - 60.9 - - -

HPLC analysis of alkaloid compounds
HPLC analysis confirmed the presence of four alkaloid compounds in the tubers of B. chrysogonum; scopolamine,
quinine, caffeine, and xanthine were restricted to the tubers and flowers only, with the highest concentrations
detected in the tubers (147.9, 116.9, 74.6, and 98 pg/g, respectively) (Fig.5). These findings are consistent with
previous phytochemical reports on this plant, which determined the alkaloid compounds present in its tubers [46].
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Figure 5. HPLC analysis of B. chrysogonum parts for alkaloid compounds.
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Antioxidant activity

The DPPH assay revealed a concentration-increased enhancement of antioxidant activity of all plant parts, which
were all more than the activity of the vitamin C standard (Fig. 6). The flower buds were especially high on efficacy
individually at concentrations of 30, 60, 120, and 250 pg/mL. Further, the leaves presented high activity at all tested
concentrations, especially at 250 pg/mL (69.80%), equivalent to that of flower buds (70.25%). However, at the highest
concentration examined (500 pg/mL), the efficacy of the tuber bark was the highest with activity of 84.55%, very
close to that of the flower buds which had 79.08%. In short, flower buds, tuber bark, and leaves expressed maximum
activity for antioxidants, followed by flowers and tubers, with stems showing lowest activity. The flowers, leaves, and
bark of the tubers of this plant also contain high amounts of secondary metabolites like phenolic compounds,
flavonoids, alkaloids, and glycosides, which are accountable for their great antioxidant ability. Phenolic compounds,
and flavonoids specifically, are recognized for their ability to neutralize free radicals, chelate transition metals, and
avert oxidative insults. Alkaloids also raise antioxidant potential by transferring electrons or hydrogen atoms to
scavenge reactive oxidative species (ROS) and by increasing antioxidant defense enzymes. These collaborative actions
diminish cell damage by oxidative stress and lipid peroxidation. In summary, these secondary metabolites are
important for cell protection and redox balancing of biological systems [47, 48].

=
o

W

e |ower buds

o

90
80 !
]

S o /' =—VITC
O\O /
> > / = Tuber barks
£'50
= Tubers
= 40
(451 —
S 30 Stems
= e |_caves
=
K=
IS
<

e | OWETrS
\Ye You Ou

Concentration (ug/mL )

Figure 6. Antioxidant activity (%) of extracts from different parts of B. chrysogonum.

1Cso determination

The 1Csp values shown in (Fig. 7) indicate variation among the different plant parts in their antioxidant capacity.
Lower ICso values reflect stronger antioxidant activity, and the results demonstrated that all plant parts exhibited
greater antioxidant potential than vitamin C. The strongest activity was observed in the flower buds (90.2 pg/mL),
which was significantly higher than all other plant parts, followed by the tuber barks (94.1 pg/mL) and the leaves
(99.6 pg/mL), while vitamin C showed a higher I1Cs value (133 pg/mL). Both the flower bud and tuber bark exhibited
the highest antioxidant activity compared to other plant parts and even vitamin C, which is attributed to their high
content of phenolic compounds and flavonoids capable of scavenging free radicals [48]. The low ICs values in these
parts indicate the strong antioxidant potential of their extracts, as lower concentrations are sufficient to achieve effects
comparable to or greater than vitamin C. Our results are consistent with those [4, 49].
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Figure 7. Antioxidant capacities of the extracts regarding 1Cso (ug/mL) values. Different letters indicate significant
differences among means according to Duncan’s Multiple Range Test (P < 0.05)
Antibacterial activity
The antibacterial activity of the plant ethanolic extract of concentration (20 mg/mL) against gram-positive (S.
haemolyticus and S. aureus) and gram-negative (E. coli, P. mirabilis, and K. pneumoniae) was determined by the
presence of inhibition zones. The antibacterial activity was observed just in tuber barks against gram-positive bacteria,
S. aureus (15 mm), S. haemolyticus (12.66 mm). In our tests, however, none of the examined plant extracts exhibited
antibacterial efficacy against gram-negative bacteria (Table 4).

Table 4. Bacteria inhibition zone (mm) of B. chrysogonum extracts against bacterial strains: S. aureus, S.
haemolyticus, E. coli, K. pneumoniae, and P. mirabilis.

Plant part Staphylococcus Staphylococcus Escherichia Proteus Klebsiella
aureus haemolyticus coli mirabilis pneumonia
mm mm mm mm mm
Tuber barks 15 12.66 0 0 0
Tubers 0 0 0 0 0
Stems 0 0 0 0 0
Leaves 0 0 0 0 0
Flower buds 0 0 0 0 0
Flowers 0 0 0 0 0

Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of B. chrysogonum
Based on previous section results, the part of the plant which had the broadest inhibition zone (1Z) were subjected to
more investigation to determine the Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal
Concentration (MBC) for gram-positive bacteria. The tubers barks extract of B. chrysogonum showed a significant

inhibitory effect against the gram-positive bacteria S. aureus and S. haemolyticus with a MIC and an MBC value of 5
mg/mL (Tables 5 and 6).

Table 5. MIC and MBC of S. aureus using tuber barks.

Tuber barks extract concentration mg/mL
Concentration

40 20 10 5 25 1.25
MIC - - - - + +
MBC - - - - + +

+ is refers to bacterial growth
-refers to an effect that is bacteriostatic or bactericidal.

Table 6. MIC and MBC of S. haemolyticus using tuber barks.

Tuber barks extract concentration mg/mL
Concentration

40 20 10 5 25 1.25

MIC - ; ; ) + +
MBC - - - -

+ is refers to bacterial growth
-refers to an effect that is bacteriostatic or bactericidal.

Because the agar well diffusion test did not have inhibitory zones, all parts of plant were screened for gram-
negative bacteria using broth microdilution MIC and MBC. After doing MIC and MBC for gram-negative bacteria.
The leaves extract was the only one with activity at different concentration (1.25 to 40 mg/mL) (Tables 7, 8, and 9).
The leaves extract showed inhibitory effect against P. mirabilis with an MIC and an MBC value 10 mg/mL. Whereas
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in E. coli, the bacteria exhausted at a higher MIC and MBC value of 20 mg/mL. However, the last bacteria K.
pneumoniae recorded MIC value 20 mg/mL and MBC value 40 mg/mL.

Table 7. MIC and MBC of P. mirabilis using leaves.

Leaves extract concentration mg/mL
Concentration

40 20 10 5 2.5 1.25
MIC - - - + + +
MBC - - - + + +

+ is refers to bacterial growth.
-refers to an effect that is bacteriostatic or bactericidal.

Table 8. MIC and MBC of E. coli using leaves.

Leaves extract concentration mg/mL
Concentration

40 20 10 5 2.5 1.25

MIC - -
MBC - -

+ is refers to bacterial growth.
-refers to an effect that is bacteriostatic or bactericidal.

Table 9. MIC and MBC of K. pneumoniae using leaves extract.

Leaves extract concentration mg/mL
Concentration

40 20 10 5 25 1.25
MIC - - + + + +
MBC - + + + + +

+ is refers to bacterial growth.
-refers to an effect that is bacteriostatic or bactericidal.

The plant extract's reported antibacterial activity points to the presence of bioactive substances that can stop
bacteria from growing. Secondary metabolites such as phenoalics, flavonoids, and alkaloids, which are known to
damage bacterial cell membranes, obstruct enzyme activity, or prevent the formation of nucleic acids are responsible
for the efficacy [50]. This study indicates that B. chrysogounm phytochemicals have antibacterial potential since they
inhibit the development of both gram-positive and gram-negative bacteria. The significant antibacterial activity
observed in the tuber bark and leaves is likely due to their high phenolic content (164.9 mg/g in tuber bark) and the
presence of flavonoids and glycosides in the leaves (27 and 20 mg/mL, respectively). Abuhamdah et al. (2017)
similarly evaluated the antimicrobial properties of B. chrysogonum tuber extract using both agars well diffusion and
microdilution techniques. In the agar diffusion technique, both ethanolic and aqueous extracts exhibited antibacterial
activity, giving inhibition zones that ranged from 0.3 mm to 4.08 mm against Bacillus subtilis, Staphylococcus aureus,
Staphylococcus epidermidis, Escherichia coli, and Pseudomonas aeruginosa. Quantitative analysis using the
microdilution method showed minimum inhibitory concentration (MIC) values ranging from 600-950 ug/mL for the
aqueous extract and 620-950 pg/mL for the ethanolic extract. Additionally, the minimum bactericidal concentration
(MBC) values were slightly higher, ranging from 790-900 pg/mL for the aqueous extract and 800-980 pg/mL for the
ethanolic extract [51]. As is in agreement with us, past research confirms that Gram-negative bacteria generally require
higher amounts of antimicrobial agents for successful inhibition, further emphasizing their increased inherent
resistance compared to Gram-positive bacteria. Such strength is largely attributed to the protective outer membrane
of Gram-negative organisms, acting as a barrier to permeability, complemented by their efficient efflux pump
mechanisms actively extruding harmful substances, e.g., antibiotics, out of the cell [52].In contrast, B. chrysogonum
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ethanol extract of tubers did not exert any detectable antibacterial effect on any of the bacterial strains examined in
this study [49]. The findings presented no inhibition for all examined bacteria both gram-positive (Staphylococcus
aureus ATCC 25923 and Bacillus subtilis ATCC 6633) and gram-negative (Enterobacter aerogenes ATCC 13048
and Escherichia coli ATCC 35218) at concentrations starting from 4.9 pg/mL to 2500 pg/mL. That is, even at the
highest dose tested (2500 pg/mL), the extract was unable to inhibit apparent bacterial growth under the experimental
conditions. In a separate investigation, Assaf et al. (2013) tested the antimicrobial potential of B. chrysogonum tuber
ethanol extract at 5 mg/mL using the agar dilution method. Surprisingly, the extract showed no inhibitory effects
against common pathogens, including Staphylococcus aureus, Pseudomonas aeruginosa, Candida albicans, and
Propionibacterium acnes, suggesting limited antimicrobial activity under these experimental conditions [53].

Conclusion

Bongardia chrysogonum exhibits strong antioxidant and antibacterial activities, predominantly in the flower buds,
leaves, and tuber bark, due to their high contents of phenolic compounds, flavonoids, and alkaloids. These observations
confirm its traditional usage in herbal medicine and suggest it as a promising natural source of drugs. Since this species
has been subjected to low-level studies on the international level, the current study represents the first study conducted
within Irag. These outputs therefore provide a critical addition to the field and firmly establish Bongardia
chrysogonum as a promising candidate for future phytochemical and pharmacological studies.

References

[1].Rahman, M.H., B. Roy, G.M. Chowdhury, A. Hasan, and M.S.R. Saimun. (2022). Medicinal plant sources and
traditional healthcare practices of forest-dependent communities in and around Chunati Wildlife Sanctuary in
southeastern ~ Bangladesh. Environmental  Sustainability,  5(2), 207-241.  Retrieved  from
[https://doi.org/10.1007/s42398-022-00230-2]

[2]..Salih, S.A.A.S. (2019). Qara Dagh Mountain plant Field Guide. AUIS Press, Sulaimani ,Iraq

[3]. Townsend, C.C.a.G., E. (1985). Flora of Irag: Volume 4, Part 2. Ministry of Agriculture & Agrarian Reform,
Republic of Irag, Baghdad, p.

[4].Gezici, S. and N. Sekeroglu. (2022). Bongardia chrysogonum (L.) spach: a valuable source for nutraceutical and
pharmacological industries. Traditional Medicine Research, 7(3), Retrieved from
[https://www.tmrjournals.com/article.html?J num=1&a_id=1980]

[5].Galalaey, A.M., M.A. Shaban, K.M. Rasul, D.T. Darwesh, A. UZUN, S.M. Youssef, and M.H. Alma. (2021).
Ethnobotanical study of some wild edible plants in Hujran Basin, Kurdistan Region of Irag. Zanco J Pure App
Sci, 33(19-30. Retrieved from [https://www.researchgate.net/publication/350923761]

[6].Oran, S. and D. Al-Eisawi. (2015). Ethnobotanical survey of the medicinal plants in the central mountains
(North-South) in Jordan. Journal of Biodiversity and Environmental Sciences, 6(3), 381-400. Retrieved from
[https://www.researchgate.net/publication/274256153]

[7].Arslan, A., E. Cakmak, M. Ozaslan, B. Cengiz, C. Bagci, M. Tarakcioglu, I. Sari, M. Cekmen, E. Karadag, and
R. Kocabas. (2005). The effects of Bongardia chrysogonum (L) spach extract on the serum parameters and liver,
kidney, and spleen tissues in rats. Biotechnology & Biotechnological Equipment, 19(3), 170-179. Retrieved from
[https://doi.org/10.1080/13102818.2005.10817247]

[8].Dokuyucu, R., K.H. Gozukara, O. Ozcan, N.K. Sefil, A. Nacar, A. Dokuyucu, and M. Inci. (2016). The effect of
Bongardia Chrysogonum on prostate tissue in a rat model of STZ-induced diabetes. SpringerPlus, 5(1), 1322.
Retrieved from [https://doi.org/10.1186/s40064-016-2973-7]

[9].Abuhamdah, S.M., A.N. Abuirmeileh, F. Thaer, S. Al-Olimat, E. Abdel, and P.L. Chazot. (2018). Anti-
convulsant effects of Bongardia chrysogonum L. tuber in the pentylenetetrazole-induced seizure model.
International Journal of Pharmacology, 14(2), 127-135. Retrieved from
[https://doi.org/10.3923/ijp.2018.127.135]

[10]. Baydoun, S., L. Chalak, H. Dalleh, and N. Arnold. (2015). Ethnopharmacological survey of medicinal plants
used in traditional medicine by the communities of Mount Hermon, Lebanon. Journal of ethnopharmacology,
173(139-156. Retrieved from [https://doi.org/10.1016/j.jep.2015.06.052]

[11]. Rahman, A.U., D. Shahwar, Z. Parween, M.l. Choudhary, B. Sener, G. Toker, and K.H. Can Baser. (1998).
New Alkaloids from Bongardia Chrysogonum. Natural Product Letters, 12(3), 161-173. Retrieved from
[https://doi.org/10.1080/10575639808048287]

[12]. Atta ur, R., D. Shahwar, M.l. Choudhary, B. Sener, G. Toker, and K.H.C. Baser. (2000). Triterpenoid Saponins
from Bongardia chrysogonum. Journal of Natural Products, 63(2), 251-253. Retrieved from
[https://doi.org/10.1021/np9801312]

[13]. .Gezici, S. and N. Sekeroglu. (2021). Bongardia chrysogonum (L.) Spach as a potential medicinal plant against

244


https://doi.org/10.1007/s42398-022-00230-z
https://www.tmrjournals.com/article.html?J_num=1&a_id=1980
https://www.researchgate.net/publication/350923761
https://doi.org/10.1080/13102818.2005.10817247
https://doi.org/10.1186/s40064-016-2973-z
https://doi.org/10.3923/ijp.2018.127.135
https://doi.org/10.1016/j.jep.2015.06.052
https://doi.org/10.1080/10575639808048287
https://doi.org/10.1021/np9801312

Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

cancer and Alzheimer’s disease management. Istanbul Journal of Pharmacy, 51(3), 319-325. Retrieved from
[https://doi.org/10.53388/TMR20220317272]

[14]. Amin, H.D.M., Z.S. Lazim, and T.A.W. Nashi. (2023). Phytochemical Screening of Rheum ribes Root, Leaves
and Flowering Stem and Biological Activity of the Root. IOP Conference Series: Earth and Environmental
Science, 1158(4), 042068. Retrieved from [https://doi.org/10.1088/1755-1315/1158/4/042068]

[15]. .Ahmad, Z., H. Hamzah, and Z. Lazim. (2023). Analysis of chemical profiles of different Pistacia atlantica
parts at Sulaymaniyah and Halabja region in Irag. Applied Ecology & Environmental Research, 21(1), Retrieved
from [http://dx.doi.org/10.15666/aeer/2101 561574]

[16]. Lazim, Z., Z. Ahmad, and H. Faizy. (2024). ESTIMATING PHYTOCHEMICAL CONTENT,
ANTIOXIDANT AND ANTIBACTERIAL EFFICACY OF WILD ADIANTUM CAPILLUS-VENERIS.
Anbar Journal of Agricultural Sciences, 22(2), Retrieved from [(http://creativecommons.org/lic enses/by/4.0/). ]

[17]. Ajanal, M., M.B. Gundkalle, and S.U. Nayak. (2012). Estimation of total alkaloid in Chitrakadivati by UV-
Spectrophotometer. Ancient Science of Life, 31(4), 198-201. Retrieved from
[https://journals.lww.com/asol/fulltext/2012/31040/estimation_of total_alkaloid_in_chitrakadivati_by.10.aspx]

[18]. Tofighi, Z., S.N. GHAZI, A. Hadjiakhoondi, and N. Yassa. (2016). Determination of cardiac glycosides and
total phenols in different generations of Securigera securidaca suspension culture. Research Journal of
Pharmacognosy, 3(2), 23-31. Retrieved from
[https://www.rjpharmacognosy.ir/article 13771 2f6033a40df8b79102a55d6aacl76b52.pdf]

[19]. Joslyn, M.A. (1970). Methods in food analysis. Physical, chemical and instrumental methods of analysis.
Retrieved from

[20]. Tandon, H. (2005). Methods of analysis of soils, plants, waters, fertilisers &amp; organic manures. New Delhi
Fertiliser Development and Consultation Organisation,

[21]. .Ngamsuk, S., T.-C. Huang, and J.-L. Hsu. (2019). Determination of phenolic compounds, procyanidins, and
antioxidant activity in processed Coffea arabica L. leaves. Foods, 8(9), 389. Retrieved from
[https://doi.org/10.3390/foods8090389]

[22]. Biswasroy, P., D. Pradhan, and R. Pradhan. (2017). Quantitative analysis of Hyoscine in different extracts
obtained from the seeds of Datura innoxia by RP-HPLC. Journal of Ayurvedic and Herbal Medicine, 3(4), 192-
95. Retrieved from [https://doi.org/10.31254/jahm.2017.3404]

[23]. .Koleva, I.1., T.A. Van Beek, J.P. Linssen, A.d. Groot, and L.N. Evstatieva. (2002). Screening of plant extracts
for antioxidant activity: a comparative study on three testing methods. Phytochemical Analysis: An International
Journal of Plant Chemical and Biochemical Techniques, 13(1), 8-17. Retrieved from
[https://doi.org/10.1002/pca.611]

[24]. Balouiri, M., M. Sadiki, and S.K. Ibnsouda. (2016). Methods for in vitro evaluating antimicrobial activity: A
review. Journal of Pharmaceutical Analysis, 6(2), 71-79. Retrieved from
[https://www.sciencedirect.com/science/article/pii/S2095177915300150]

[25]. .Clinical and L.S. Institute, Performance standards for antimicrobial susceptibility testing. 2020, Clinical and
laboratory standards institute Wayne, PA.

[26]. .Alves-Silva, J.M., M. Zuzarte, M.J. Gongalves, C. Cavaleiro, M.T. Cruz, S.M. Cardoso, and L. Salgueiro.
(2016). New claims for wild carrot (Daucus carota subsp. carota) essential oil. Evidence-Based Complementary
and Alternative Medicine, 2016(1), 9045196. Retrieved from [https://doi.org/10.1155/2016/9045196]

[27]. .Bhadury, R., S. Hazra, and C. Habibur Rahaman. (2025). Pharmacognostic, phytochemical and antioxidant
studies of leaf and bark parts of Xylia xylocarpa (Roxb.) W. Theob. J. Botan. Soc. Bengal, 79(80-100. Retrieved
from [https://doi.org/10.31254/jahm.2017.3404]

[28]. Witzell, J. and J.A. Martin. (2008). Phenolic metabolites in the resistance of northern forest trees to
pathogens—past experiences and future prospects. Canadian Journal of Forest Research, 38(11), 2711-2727.
Retrieved from [https://doi.org/10.1139/X08-112]

[29]. .Guidi, L., C. Brunetti, A. Fini, G. Agati, F. Ferrini, A. Gori, and M. Tattini. (2016). UV radiation promotes
flavonoid biosynthesis, while negatively affecting the biosynthesis and the de-epoxidation of xanthophylls:
Consequence for photoprotection? Environmental and Experimental Botany, 127(14-25. Retrieved from
[https://www.sciencedirect.com/science/article/pii/S0098847216300405]

[30]..Alam, E.A. and A.S. EI-Nuby. (2022). Phytochemical and nematicidal screening on some extracts of different
plant parts of Egyptian Moringa oleifera L. Pakistan Journal of Phytopathology, 34(2), Retrieved from [
https://www.researchgate.net/publication/369188963]

[31]..Li, L., Z. Tang, S. Xiao, X. Dai, Y. Wang, and X. Wei. (2025). Clerodendrum trichotomum Thunb.: a review
on phytochemical composition and pharmacological activities. Frontiers in Pharmacology, 15(1505851.
Retrieved from [https://doi.org/10.3389/fphar.2024.1505851]

245


https://doi.org/10.53388/TMR20220317272
https://doi.org/10.1088/1755-1315/1158/4/042068
http://dx.doi.org/10.15666/aeer/2101_561574
http://creativecommons.org/lic
https://journals.lww.com/asol/fulltext/2012/31040/estimation_of_total_alkaloid_in_chitrakadivati_by.10.aspx
https://www.rjpharmacognosy.ir/article_13771_2f6033a40df8b79102a55d6aac176b52.pdf
https://doi.org/10.3390/foods8090389
https://doi.org/10.31254/jahm.2017.3404
https://doi.org/10.1002/pca.611
https://www.sciencedirect.com/science/article/pii/S2095177915300150
https://doi.org/10.1155/2016/9045196
https://doi.org/10.31254/jahm.2017.3404
https://doi.org/10.1139/X08-112
https://www.sciencedirect.com/science/article/pii/S0098847216300405
https://www.researchgate.net/publication/369188963
https://doi.org/10.3389/fphar.2024.1505851

Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

[32]. Tungmunnithum, D., A. Thongboonyou, A. Pholboon, and A. Yangsabai. (2018). Flavonoids and other
phenolic compounds from medicinal plants for pharmaceutical and medical aspects: An overview. Medicines,
5(3), 93. Retrieved from [https://doi.org/10.3390/medicines5030093]

[33]. .Suleiman, M.H. and A.A. Ateeg. (2020). Antimicrobial and antioxidant activities of different extracts from
different parts of Zilla spinosa (L.) prantl. Evidence-Based Complementary and Alternative Medicine, 2020(1),
6690433. Retrieved from [https://doi.org/10.1155/2020/6690433]

[34]. Mahalakshmi, G., C. Porchselvi, and K. Lingakumar. (2018). Preliminary phytochemical screening of
Nyctanthus arbor tris-tis (Linn.). Journal of Medicinal Plants Studies, 6(6), 61-63. Retrieved from
[https://www.researchgate.net/publication/340050154]

[35]. Thoma, F., A. Somborn-Schulz, D. Schlehuber, V. Keuter, and G. Deerberg. (2020). Effects of Light on
Secondary Metabolites in Selected Leafy Greens: A Review. Front Plant Sci, 11(497. Retrieved from
[https://doi.org/10.3389/fpls.2020.00497]

[36]. .Semenova, N.A., A.S. Ivanitskikh, N.I. Uyutova, A.A. Smirnov, Y.A. Proshkin, D.A. Burynin, S.A. Kachan,
A.V. Sokolov, A.S. Dorokhov, and N.O. Chilingaryan. (2024). Effect of UV stress on the antioxidant capacity,
photosynthetic activity, flavonoid and steviol glycoside accumulation of stevia rebaudiana Bertoni.
Horticulturae, 10(3), 210. Retrieved from [https://doi.org/10.3390/horticulturae10030210]

[37]. .Harborne, J.B. (1993). Introduction to ecological biochemistry. Gulf Professional Publishing, p.:
https://www.researchgate.net/publication/262094148

[38]. Wink, M. (2003). Evolution of secondary metabolites from an ecological and molecular phylogenetic
perspective. Phytochemistry, 64(1), 3-19. Retrieved from
[https://www.sciencedirect.com/science/article/pii/S0031942203003005]

[39]. Taiz, L. and E. Zeiger. (2010). Plant Physiology. 5th/Ed. Sunderland Sinauer Assoc. Inc., Publishers,
Sunderland Masschusetts, Retrieved from [https://books.google.ia/books?id=uPesjgEACAAJ]

[40]. Chandel, N.S. (2021). Carbohydrate metabolism. Cold Spring Harbor perspectives in biology, 13(1), a040568.
Retrieved from [http://cshperspectives.cshlp.org/]

[41]. Vadera, H., J. Pandya, and S. Mehta. (2025). A REVIEW: THE ELUCIDATION OF SOURCE-SINK
RELATIONSHIP. 179(2277-4297. Retrieved from

[42]. .Kirkby, E. (2012). Copyright. In: P. Marschner (Ed.), Marschner's Mineral Nutrition of Higher Plants (Third
Edition). Academic Press, San Diego, p.iv. https://doi.org/10.1016/B978-0-12-384905-2.00021-2

[43]. .Treutter, D. (2006). Significance of flavonoids in plant resistance: a review. Environmental Chemistry Letters,
4(3), 147-157. Retrieved from [https://doi.org/10.1007/s10311-006-0068-8]

[44]. Weston, L.A. and U. Mathesius. (2013). Flavonoids: Their Structure, Biosynthesis and Role in the Rhizosphere,
Including  Allelopathy. Journal of Chemical Ecology, 39(2), 283-297. Retrieved from
[https://doi.org/10.1007/s10886-013-0248-5]

[45]. de Oliveira, D.M., D.F. Cipriano, and L.E. da Silva. (2017). Ferulic acid: A key component in plant cell wall
architecture and resistance. In: M. Soto-Hernandez (Ed.), Phenolic Compounds - Natural Sources, Importance
and Applications. IntechOpen, p. 10.5772/6685: 10.5772/6685. [https://www.intechopen.com/chapters/53905]

[46]. .Atta ur, R., D. Shahwar, M. Igbal Choudhary, B. Sener, G. Toker, and K.H.C. Bager. (1999). Alkaloids of
Bongardia chrysogonum. Phytochemistry, 50(2), 333-336. Retrieved from
[https://www.sciencedirect.com/science/article/pii/S0031942298004841]

[47]. Atpadkar, P.P., S. Gopavaram, and S. Chaudhary. (2023). Natural-product-inspired bioactive alkaloids
agglomerated with potential antioxidant activity: recent advancements on structure-activity relationship studies
and  future  perspectives. In:  (Ed.), Vitamins and  hormones.  Elsevier,  p.355-393.
[https://doi.org/10.1016/bs.vh.2022.10.002]

[48]. .Hassanpour, S.H. and A. Doroudi. (2023). Review of the antioxidant potential of flavonoids as a subgroup of
polyphenols and partial substitute for synthetic antioxidants. Avicenna J Phytomed, 13(4), 354-376. Retrieved
from [https://doi.org/10.22038/AJP.2023.21774]

[49]. Yousef, 1., S. Oran, M. Algaraleh, and Y. Bustanji. (2021). Evaluation of Cytotoxic, Antioxidant and
Antibacterial Activities of Origanum dayi, Salvia palaestina and Bongardia chrysogonum Plants Growing Wild
in Jordan: doi. org/10.26538/tjnpr/v5il. 7. Tropical Journal of Natural Product Research (TINPR), 5(1), 66-70.
Retrieved from [https://www.researchgate.net/publication/349034097]

[50]. Cowan, M.M. (1999). Plant products as antimicrobial agents. Clinical microbiology reviews, 12(4), 564-582.
Retrieved from [https://doi.org/10.1128/cmr.12.4.564]

[51]. .Abuhamdah, S., A. Shatarat, M. Al-Essa, H. Al-Ameer, S. Al-Olimat, and P. Chazot. (2017). Spasmolytic and
antimicrobial activities of crude extract of Bongardia chrysogonum L. tubers. International Journal of
Pharmacology, 14(1), 52-60. Retrieved from [https://doi.org/10.3923/ijp.2018.52.60]

246


https://doi.org/10.3390/medicines5030093
https://doi.org/10.1155/2020/6690433
https://www.researchgate.net/publication/340050154
https://doi.org/10.3389/fpls.2020.00497
https://doi.org/10.3390/horticulturae10030210
https://www.researchgate.net/publication/262094148
https://www.sciencedirect.com/science/article/pii/S0031942203003005
https://books.google.iq/books?id=uPesjgEACAAJ
http://cshperspectives.cshlp.org/
https://doi.org/10.1016/B978-0-12-384905-2.00021-2
https://doi.org/10.1007/s10311-006-0068-8
https://doi.org/10.1007/s10886-013-0248-5
https://www.sciencedirect.com/science/article/pii/S0031942298004841
https://doi.org/10.1016/bs.vh.2022.10.002
https://doi.org/10.22038/AJP.2023.21774
https://www.researchgate.net/publication/349034097
https://doi.org/10.1128/cmr.12.4.564
https://doi.org/10.3923/ijp.2018.52.60

Kirkuk University Journal for Agricultural Sciences, Vol.17, No. 1, 2026 Online ISSN: 2958-6585

[52]. Uddin, T.M., A.J. Chakraborty, A. Khusro, B.R.M. Zidan, S. Mitra, T.B. Emran, K. Dhama, M.K.H. Ripon,
M. Gajdacs, and M.U.K. Sahibzada. (2021). Antibiotic resistance in microbes: History, mechanisms, therapeutic
strategies and future prospects. Journal of infection and public health, 14(12), 1750-1766. Retrieved from
[https://doi.org/10.1016/j.jiph.2021.10.020]

[53]. Assaf, A.M., R.N. Haddadin, N.A. Aldouri, R. Alabbassi, S. Mashallah, M. Mohammad, and Y. Bustanji.
(2013). Anti-cancer, anti-inflammatory and anti-microbial activities of plant extracts used against hematological
tumors in traditional medicine of Jordan. Journal of ethnopharmacology, 145(3), 728-736. Retrieved from
[https://doi.org/10.1016/j.jep.2012.11.039]

Ml bl Uy €l g 5asSU alaal) ddadi) g Al dliasSt) s g<all
Aglaglad) — g13 8 A G UWi(Bongardia chrysogonum)

la ¥ glma i LOA daaa )y
Gl epilaslal] cdpilapleadl Al oo ) ) il dustigh o sle 44lS eALiieas)

Al

2024 i 1A e A Lilalull Addlaa gl dshia e &‘J“ 3 5L » U Bongardia chrysogonum <k e 4l jall oda ¢ jal &3
as )l ¢35V Gl (el yall el Hall ald) dabiaal) 4l jal A L Sl 5 50U sliaal) Adaki) a5 4lal) AplaSl LS jall oSl (5 sinall 0 Caagy
(pe/pike 27) il 8D (e (s sima leb G5V o WS (a/ptke 164.9) AU Y gidl) (e 5 sine Job clipall Cali Hedal (Sl 515 iy 3
s15a) g @sil uls HPLC Jilat Cinn s, (a2 /pika 23.3) sl (e 5855 el e 358 30 ae )l gin Lot oo /pale 2) il $S30aY
< a8 )Y W il e (a2 /al 2 55800 98.7592.6 ¢124.9) Libans LS 5 Slin 5 ) 5lS (ellal) Galealy die 4 8 5l ael S 3 ¢dgll)
Glo il Giginls Y e o(pe/pl g s S 87.45 80.9 <117.9 <124.9) Lhana ll g ydl) (aan s oJs b aal egpinn oS epsis S oSy
Lol (s /1 5050 76.9) Coinan¥) (g oy 1 38 5 il o peldal Lai (/)2 5 0Sa 60.9) s yia s el man 5 (a2/p) 12 55800 80.65) cni Ll
3858 eb il jall s il 535 <l all 8 G g e 0 sSadl il 1 GBSl il a LS e drg )l e CRBS a3 8 Clay Il Al
et e da 3 ae) ) & ginl g3l Aalill o (a2/al 2 5 5S0e 74.66 <0 <58.9 «88.5) Jla 394 & Jlia (a2/al 2 58 147.9 <98 <74.6 <116.9)
Al o) 2V es Cielsl (9%63) pmii sl 38 5 el 3151 Cila Laiw «(%00.88) Lsiedl s «(%66.3) sl ((%614.5) b i S0 (e s
133) C ol o 48 siia Jo/al & 55800 94.1590.2 LglIC50 (IS 3 b ,all i g 358 5 ael jll 6 oY) dladll cuilS 5 52O 1iliae Ualiis
Al VL) aum A e (J/aike 40—10) 31 sY) conal Laiay e J/aile 5 S 5 al ) A g Ly S i 3y 8 Al il (il el LS (/) ye 5 Sae
LSl 5 30800 13lae 135 1 e iy 5 cdlall 5 551330 Aagil) <3 Alladll LS 5alls Ui e (5 5l ol 13 o ) il i, ol j2d)

S pall g il L HPLCelo puiSall abiadd) Jalaill gansU sladl) Ll il Sbesl Julssll <(Bongardia chrysogonum :Asbisel) cilalsl)
A sl

247


https://doi.org/10.1016/j.jiph.2021.10.020
https://doi.org/10.1016/j.jep.2012.11.039

