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Lipid oxidation has a considerable effect on the quality, safety,
and nutritional value of food, resulting in undesirable flavors,
nutrient depletion, and health concerns such as cardiovascular
diseases and cancer. While synthetic preservatives like BHA
and BHT are effective, they may carry health risks, leading to
an increased interest in natural alternatives. Plant-based
preservatives, especially those containing polyphenols,
flavonoids, and essential oils, present safer and more sustainable
solutions. This research explores the antioxidant and cytotoxic
characteristics of the aqueous extract of Bistorta officinalis
(Anjbar), a plant known for its traditional anti-inflammatory and
antimicrobial uses. The extract, derived from dried roots, was
analyzed for various phytochemicals, including alkaloids,
saponins, flavonoids, and phenolics. The total phenolic content
was measured at 76.65 mg GAE/g, while total flavonoids were
at 40.38 mg QE/g. Antioxidant activity was evaluated using
DPPH, ABTS, FRAP, and B-carotene bleaching assays, yielding
ICso values of 47.30 pg/mL (DPPH) and 29.20 pg/mL (ABTS),
with a FRAP value of 8.69 mmol/g. Cytotoxicity assessments
on HT-29 and HeLa cancer cell lines indicated a concentration-
dependent decrease in cell viability, with ICso values of 80.4
mg/mL and 70.92 mg/mL, respectively. The bioactive
compounds within the extract, particularly phenolics and
flavonoids, play a crucial role in its antioxidant and cytotoxic
properties, highlighting its potential as a natural preservative
and therapeutic agent. These results underscore the viability of
B. officinalis as a natural alternative to synthetic antioxidants in
both the food and pharmaceutical sectors.
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1.Introduction

Lipid oxidation is a chemical process that
significantly impacts the quality, safety,
and nutritional value of food products,
playing a crucial role in food spoilage. It
leads to off-flavors, undesirable odors, and
a reduction in essential nutrients, ultimately
decreasing the shelf life of foods [1, 2].
Notably, the oxidation of polyunsaturated
fatty acids generates reactive oxygen
species and secondary oxidation products,
such as aldehydes and ketones, which can
be detrimental to human health when
consumed in excessive amounts. These
oxidative changes not only affect the
sensory attributes of food but also carry
health risks, as lipid oxidation products are
linked to chronic diseases, including
cardiovascular  issues, cancer, and
neurological disorders [2-4]. Consequently,
managing lipid oxidation presents a
significant challenge for the food industry,
highlighting the need for effective
strategies to mitigate its negative effects.

To address lipid oxidation and enhance the
shelf life of food products, synthetic
preservatives like Butylated
hydroxyanisole (BHA), Butylated
hydroxytoluene = (BHT), and tert-
Butylhydroquinone (TBHQ) are commonly
employed. These substances are effective in
postponing oxidation due to their robust
free radical scavenging properties [2, 4].
However, concerns regarding the potential
health risks associated with synthetic
preservatives have emerged. Research
indicates that prolonged consumption of
these synthetic antioxidants may lead to
adverse health effects [5, 6]. As a result,
there is a growing demand for safer, natural
alternatives to synthetic preservatives.

Plant-based  preservatives, particularly
plant extracts, have garnered significant
interest as natural substitutes for synthetic
antioxidants. Plants are abundant in
bioactive compounds like polyphenols,
flavonoids, and essential oils that offer
strong antioxidant, antimicrobial, and anti-
inflammatory effects. These compounds
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can effectively curb lipid oxidation by
scavenging free radicals, chelating metal
ions, and disrupt oxidative chain reactions.
Additionally, plant extracts are generally
recognized as safe (GRAS) and are well-
received by consumers due to their natural
origins and perceived health benefits [7-
14]. Utilizing plant preservatives not only
overcomes the limitations of synthetic
antioxidants but also aligns with the rising
demand for clean-label and sustainable
food products. Among the many plants
investigated  for their  preservative
capabilities, Anjbar (Bistorta officinalis)
stands out. This perennial plant, native to
Europe and Asia, has been traditionally
utilized in folk medicine for its anti-
inflammatory, antimicrobial, and
antioxidant properties. It contains a diverse
array of bioactive compounds, including
tannins, flavonoids, and phenolic acids,
which contribute to its robust antioxidant
activity [15-18]. Given that no prior studies
have explored the antioxidant activity of the
aqueous extract of Anjbar, this study aimed
to assess the levels of phenolic and
flavonoid compounds and the antioxidant
activity of this extract.

2. Materials and Methods
2.1. Extract preparation

The aqueous extract of Anjbar was
prepared following the modified method of
Salehi et al. (2022) [18]. Fresh Anjbar roots
were harvested from the Sahand highlands
in Azerbaijan, chopped into smaller
segments, and then dried in the shade.
Subsequently, the dried roots were ground
using a grinder; 300 g of the resulting
powder was then steeped in 1200 ml of
distilled water. After allowing the mixture
to sit at room temperature for 72 hours, the
solution was filtered and centrifuged for 20
minutes. The supernatant was dried at 37
°C, and the resulting semi-solid mass was
stored in the refrigerator for future use [18].

2.2. Alkaloids
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Five ml of 1% HCI was added to 0.25 g of
the Tarragon extract and boiled for 5
minutes. The volume was then adjusted
back to the original level, and the resulting
acidic solution was filtered using filter
paper. The filtrate was alkalized with an
appropriate amount of 10% ammonia and
extracted with ethyl ether. The ether
solution was evaporated until dry, after
which 5 ml of 1% HCIl was added. The
acidic solution was then divided into three
portions; one served as the blank while
Mayer and Bosshardt indicators were added
to the other two. The formation of a brown
precipitate with the Bosshardt indicator and
a white-yellowish precipitate with the
Mayer indicator indicates the presence of
alkaloids [19].

2.3. Saponins

In a test tube, 5 ml of the aqueous extract
was mixed thoroughly with 5 ml of distilled
water and gently heated. The development
of stable foam served as an indicator for the
presence of saponins [20].

2.4. Flavonoids

To 1 ml of the aqueous extract, 1 ml of a
10% lead acetate solution was added. The
appearance of orange, red, crimson or
magenta color was considered a positive
indication for the presence of flavonoids
[19].

2.5. Phenolics

1 ml of ferric chloride solution was mixed
with 2 ml of the Anjbar extract. The
appearance of a blue or green color
indicates a positive result [19].

2.6. Total phenolics content

The total phenolic content in the Anjbar
extract was assessed using the Folin-
Ciocalteu reagent, following the method of
Javanmardi et al. (2003). In a reaction
mixture, 50 pl of the sample was combined
with 2.5 ml of a 1/10 dilution of Folin-
Ciocalteu's reagent and 2 ml of 7.5% (w/v)
NayCOs. This mixture was incubated at 45
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°C for 15 minutes. Absorbance was then
measured at 765 nm for all samples, and the
results were reported as milligrams of gallic
acid equivalent per gram of dry weight (mg
GAE/g dw) [21].

2.7. Total flavonoids content

The total flavonoid content of the extract
was estimated using the aluminum chloride
method. One ml of the extract was
combined with 1 ml of 2% methanolic
aluminum chloride. The mixture was then
allowed to stand at room temperature in the
dark for 15 minutes before measuring the
absorbance at 430 nm. The results were
expressed as milligrams of quercetin
equivalent (QE) per gram of dry weight of
the plant powder (mg QE/g), with methanol

used as the blank [19].

2.8. DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging
activity

The method described by Yeganegi et al.
(2018) was utilized to assess the antioxidant
activity of the extract, with some
modifications [22]. One ml of the extract
(ranging from 10 to 500 pg/mL) was mixed
with 1 ml of a 0.2 mM DPPH solution in
methanol. The mixture was then kept in the
dark at 24 °C for 30 minutes, after which
the absorbance of both the extract and a
blank sample (containing all components
except the extract) was measured at 517
nm. Antioxidant activity was calculated as
bellow:

Scavenging effect (%) = [(Ablank-
Asample)/ Ablank] x 100

where Asample and Avplank represent the
absorbance of the extract and the blank
sample, respectively. The antioxidant
activity of the extract was compared to that
of synthetic antioxidant BHT, using the
ICso value. The ICso value indicates the
concentration of the sample required to
inhibit 50% of free radicals and is
determined using the slope of the radical
scavenging activity curve [22].
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2.9. ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic  acid))
radical scavenging activity

First, a 7 mM aqueous solution of ABTS
was prepared and subsequently diluted with
potassium  persulfate to achieve a
concentration of 2.45 mM. This solution
was then stored in the dark for 16 hours
before being diluted with methanol to reach
an absorbance of 0.7 at a wavelength of 734
nm. Finally, 300 puL of the extract was
combined with 3.9 mL of the ABTS radical
solution, and the absorbance was measured
after storing the mixture for 5 minutes. The
free radical scavenging activity of the
extract was assessed using the formula

described in Section 2.8 and was reported
as ICso [23].

2.10. Ferric reducing antioxidant power
(FRAP)

A solution was prepared by combining 2.5
mL of 0.2 M phosphate buffer with 2.5 mL
of 1% potassium ferricyanide, which was
then mixed with the extract. This mixture
was incubated at 50°C for 20 minutes, after
which 2.5 mL of 10% trichloroacetic acid
was added to halt the reaction. The solution
was then centrifuged at 1000 g for 10
minutes. Following this, 2.5 mL of
supernatant was mixed with 2.5 mL of
deionized water and 0.5 mL of 0.1%
chloride. After storing for 30 minutes, the
absorbance was measured at 700 nm. The
ferric iron reducing power of the extract
was expressed in terms of ascorbic acid
equivalent (mmol/g) [24].

2.11. B-Carotene bleaching inhibition

In the beta-carotene bleaching inhibition
test, a spectrophotometric method was
employed. Specifically, the absorbance of
the solution was measured at 490 nm after
120 minutes of incubation (A120), compared
to the control sample at both time zero (Co)
and after 120 minutes (Ci20). The inhibitory
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effect was then calculated using the
following formula [25]:

Inhibitory effect (%) = [(A120-Ci20)/(Co-
Ai120)] X 100

2.12. Cytotoxic effect

The MTT assay was conducted to evaluate
the cytotoxicity of the extract against HT29
and HeLa cell lines. The cells were grown
in DMEM medium supplemented with 10%
fetal bovine serum and
penicillin/streptomycin, then incubated at
37°C in an environment with 95% humidity
and 5% carbon dioxide. A total of 100,000
cells were added to each well, along with
various concentrations of the extract (0, 10,
25, 50, 100, and 200 mg/mL), DMEM
medium, and 200 pL of fetal bovine serum.
After 24 hours of incubation, cell
proliferation was assessed using the MTT
assay: 30 uL of a 5 mg/mL MTT solution
was added to each well, and the plates were
incubated in a carbon dioxide incubator for
3 hours. The absorbance at 570 nm was then
measured using an ELISA reader (ELX
808, Bio Tek Instruments, USA). Cell
viability curves were created based on the
control cells [26].

2.3. Statistical analysis

The experiments were conducted three
times, and the results were analyzed using
Minitab software (version 16) with Tukey's
test at a significance level of 5%.

3. Results and Discussion

Table 1 details the phytochemical
constituents and their concentrations in the
Anjbar (B. officinalis) extract. This
information is vital for understanding the
extract's chemical makeup and its potential
bioactivity, which can be utilized in various
pharmacological and therapeutic settings.
Alkaloids were detected, appearing yellow
or brown, indicating their presence in low
concentrations (+). These compounds are
noted for their wide-ranging
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pharmacological effects, which include
anti-inflammatory actions [27]. The
Shinoda test produced a red solution,
implying that flavonoids are present in
moderately high concentrations (++).
Flavonoids are powerful antioxidants
known to possess anti-cancer, anti-viral,
and anti-inflammatory properties [7, 28].
Saponins, also  present in low
concentrations (+), were identified by
stable = foam  formation and are
acknowledged for their immune-boosting

and cholesterol-lowering effects [29]. The
Ferric chloride test yielded a greenish-blue
color, indicating a high concentration (+++)
of phenolic compounds. These phenolics
are celebrated for their antioxidant abilities,
which help alleviate oxidative stress and its
related  diseases [22]. Experiments
investigating phenolic and flavonoid
compounds confirmed their substantial
presence in the aqueous extract, with
phenolic compounds being the most
abundant.

Table 1. Phytochemical constituents of Bistorta officinalis aqueous extract.

Chemical Verification method Observation Occurrence
Alkaloids Mayer and Bosshardt Formation of a yellow or brown color  +
Flavonoids Shinoda test Red solution ++
Saponins Froth test Formation of a stable foam +

Phenolics Ferric chloride Green-bluish +++

+ present in small concentrations; ++ present in moderately high concentrations; +++ present in high

concentrations.

The results of the total phenol and
flavonoid content of the aqueous extract of
Anjbar are presented in Figure 1.
According to the results, the extract
contained 76.65 mg GAE/g total phenols
and 40.38 mg QE/g total flavonoids. In a
study, HPLC was used to identify five
major phenolic compounds in B. officinalis,
including galloylglucoside isomer,
catechin, and chlorogenic acid, while also
quantifying total phenols and extractable
tannins [30]. In a separate study, a total of
31 polyphenols were detected in the roots
of B. officinalis extract, comprising 20
benzoyl derivatives and 11 caffeoyl
derivatives, with 26 trace elements newly
identified in the herb [31]. Additionally,
Yang et al. [32] applied an online
microextraction technique for the rapid
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analysis of antioxidants in B. officinalis,
finding key phenols like neochlorogenic
acid, caffeic acid, gallic acid, procyanidin
B2, and chlorogenic acid. To assess the
chemical components and cytotoxicity of B.
officinalis, a methanol-water extract was
analyzed, leading to the identification of
several phenols—including protocatechuic
acid, gallic acid, p-hydroxybenzoic acid,
vanillic acid, chlorogenic acid, syringic
acid, 4-methyl catechol, catechol, and
syringol—across 13 fractions obtained via
conventional preparative high-pressure
liquid chromatography [33]. The ethanolic
extract of the aerial parts of B. officinalis
underwent qualitative (HP)TLC analysis,
which identified flavonoid derivatives as
the primary compounds present, including
kaempferol, quercetin, and luteolin [34].
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Figure 1. Total phenolics content (TPC) and total flavonoids content (TFC) of Bistorta officinalis
aqueous extract.

Figure 2 illustrates the antioxidant
potential of the extract, assessed through
two common assays: DPPH and ABTS.
These methods are frequently employed to
evaluate the free radical scavenging ability
of compounds, a crucial indicator of
antioxidant activity. The results are
benchmarked against BHT (butylated
hydroxytoluene), a synthetic antioxidant
that serves as a standard in such studies.

In the DPPH assay, the extract's capacity to
donate hydrogen atoms or electrons to
stabilize the DPPH radical is measured,
with lower absorbance at 517 nm indicating
greater antioxidant activity. The ABTS
assay assesses the extract's ability to quench
the ABTS radical cation, determined by a
reduction in absorbance at 734 nm. The
results revealed that the extract exhibited
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ICso values of 47.30 pg/ml in the DPPH
assay and 29.20 pg/ml in the ABTS assay,
both significantly higher than BHT's ICso of
9.65 ng/ml, indicating that the extract was
less effective in neutralizing free radicals.

Additionally, the antioxidant activity of the
extract was measured using FRAP and
beta-carotene bleaching inhibition
methods, yielding values of 8.69+0.34
mmol/g and 55.65+0.63%, respectively.
The antioxidant activity of the B. officinalis
aqueous extract can be attributed to its
phenolic compounds, flavonoids, and other
phytochemicals known for their ability to
scavenge free radicals. These compounds
effectively donate hydrogen atoms or
electrons to free radicals, neutralizing them
and preventing oxidative damage.

C

B

0
DPPH-RS

ABTS-RS BHT

Figure 2. Antioxidant activity of Bistorta officinalis aqueous extract.
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Javid et al. (2024) performed a partwise
analysis to evaluate the antioxidant activity
of B. amplexicaulis. Their findings
demonstrated that both the aboveground
parts  (including leaf, stem, and
inflorescence) and belowground parts (the
rhizome) exhibited radical scavenging
activity, with the belowground parts
showing notably higher scavenging
potential. Specifically, the ethyl acetate
extracts from the rhizomes recorded the
highest inhibition percentages in DPPH,
NO-, and OH— radical scavenging assays
[35]. In another study, the ethyl acetate
fraction of B. amplexicaulis was found to
possess the strongest antioxidant potential,
with an IC50 value of 5.76 = 0.03 pg/ml for
DPPH, an IC50 of 0.74 + 0.1 pg/ml for
ABTS, and a total antioxidant capacity of
72.55 + 0.098 ascorbic acid equivalents
[36]. Batool et al. (2015) used a DNA
plasmid protection assay along with a
DPPH radical scavenging experiment to
assess the antioxidant activity of B.
amplexicaulis, identifying active fractions
through HPLC. The study evaluated the
antioxidant potential of crude methanolic
extracts from the shoot, rhizome, and leaf,
finding that the leaf extract had the
strongest antioxidant activity. The crude
methanolic leaf extract exhibited maximum
scavenging activity, displaying an ICso
value of 1.03 pg/ml, while the other
fractions had ICso values ranging from 1.03
to 58.2 pg/ml [37]. Munir et al. (2014)
explored the antioxidant potential of B.
officinalis  rhizome  extracts  using
methanolic and ethanolic solvents, finding
that the ethanolic extract exhibited superior
antioxidant potential compared to the
methanolic  extract. The antioxidant
properties were analyzed using DPPH,
FRAP, and ABTS methods, and the study
also investigated the correlation between
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antioxidant activity and phenolic content.
The results indicated that the plant
demonstrates strong scavenging activities
with a positive correlation between total
phenolic content and antioxidant activity
[38]. Additionally, Pirvu et al. (2017)
assessed the antioxidant capacity of the
ethanolic extract from the aerial parts of B.
officinalis using chemiluminescence tests,
revealing a strong antioxidant capacity that
surpassed that of rutin and gallic acid,
which were used as reference compounds
[34].

Figure 3 illustrates the cytotoxic effects of
the aqueous extract of B. officinalis on two
human cancer cell lines: HT-29 (colon
adenocarcinoma) and HeLa (cervical
adenocarcinoma), as assessed through cell
viability assays. The results show a
concentration-dependent decline in cell
viability for both cell lines, indicating
significant cytotoxic activity of the extract.
At the control concentration of 0 mg/ml,
HT-29 cells had a viability of 98.62%. As
the concentration of the extract increased,
cell viability decreased progressively: to
80.65% at 10 mg/ml, 65.8% at 25 mg/ml,
56.3% at 50 mg/ml, 24.3% at 100 mg/ml,
and 13.25% at 200 mg/ml.

HeLa cells, likewise, exhibited a viability
of 97.8% at 0 mg/ml, which dropped to
79.85% at 10 mg/ml, 59.5% at 25 mg/ml,
47.3% at 50 mg/ml, 19.6% at 100 mg/ml,
and 11.95% at 200 mg/ml. The calculated
ICso values were 80.4 mg/ml for HT-29
cells and 70.92 mg/ml for HeLa cells.
These ICso  values indicate  the
concentration of extract necessary to
decrease cell viability by 50%, with the
lower ICso for HeLa cells suggesting a
slightly higher sensitivity to the extract
compared to HT-29 cells.
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Figure 3. Cytotoxic effect of Bistorta officinalis aqueous extract against HT-29 and Hela cell lines.

Pirvu et al. (2017) performed a cytotoxicity
test on ethanolic extracts from the aerial
parts of B. officinalis and discovered that
concentrations above 25 pg GAE/mL
exhibited significant toxicity to mouse
embryonic fibroblast NIH3T3 cells [34]. A
study by Pillai Manoharan et al. (2007)
assessed the cytotoxic activity of
chloroform and hexane fractions, along
with their sub-fractions derived from
rhizomes, against various cancer cell lines.
This research revealed that these fractions
and some sub-fractions of B. officinalis
exhibited moderate to high activity against
HL60, P388, and LL2 cancer cell lines [39].
Intisar et al. (2013) isolated anticancer fatty
acids and phenolic compounds from several
fractions of a methanol-water extract of B.
officinalis, finding that eleven out of
thirteen fractions demonstrated good to
strong cytotoxicity against the HCCLM3
cancer cell line, highlighting the significant
bioactivity of B. officinalis [33]. The
cytotoxic effects of the B. officinalis extract
may be attributed to several mechanisms
associated with its bioactive compounds.
Plant extracts are known to induce
apoptosis in cancer cells via the activation
of both intrinsic (mitochondrial) and
extrinsic (death receptor) pathways. This
process may involve the upregulation of
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pro-apoptotic proteins and the
downregulation of anti-apoptotic proteins.
Additionally, many plant-derived
compounds generate reactive oxygen
species (ROS) within cancer cells, leading
to oxidative stress and eventual cell death.
This imbalance between ROS production
and the cell's antioxidant defenses can
result in DNA damage, lipid peroxidation,
and protein oxidation. Furthermore,
bioactive compounds can disrupt the cell
cycle, causing cell arrest at specific phases
and inhibiting proliferation, often through
the modulation of cyclins and cyclin-
dependent kinases [40, 41].

4. Conclusion

The research emphasizes the promise of B.
officinalis (Anjbar) as a natural source of
antioxidants and bioactive compounds,
presenting an appealing alternative to
synthetic preservatives in the food sector.
The aqueous extract of B. officinalis
revealed substantial amounts of phenolic
and flavonoid compounds, which enhance
its  strong  antioxidant  properties,
demonstrated through DPPH, ABTS,
FRAP, and beta-carotene bleaching assays.
While its antioxidant effectiveness was
lower than that of synthetic BHT, its natural
origin and safety profile render it a suitable
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choice for clean-label food products.
Furthermore, the extract displayed
significant cytotoxic effects on HT-29 and
HelLa cancer cell lines, indicating its
potential role in cancer treatment. The
presence of alkaloids, saponins, and
phenolics further highlights its
pharmacological potential. These results
advocate for the utilization of B. officinalis
as a sustainable, natural preservative and
therapeutic agent, aligning with the
increasing demand for safer, plant-based
options in both the food and pharmaceutical
sectors.

5. Acknowledgements

The authors would like to express their
sincere gratitude to the Vice-chancellor
for Research  and  Technology  of
Agricultural Sciences and Natural
Resources University of Khuzestan for
supporting this study as a project
number 1403.53.

6.References

[1] Jacobsen, C., Garcia-Moreno, P. ],
Yesiltas, B. , & Searensen, A.-D. M., (2021).
Chapter 9 - Lipid oxidation and traditional
methods for evaluation, in Omega-3 Delivery
Systems, P.J. Garcia-Moreno, C. Jacobsen, A.-
D. Moltke Sarensen, and B. Yesiltas, Editors.
Academic Press. p. 183-200.

[2] Nooshkam, M. , & Varidi, M., (2024).
Chapter  Twelve -  Antioxidant  and
antibrowning properties of Maillard reaction
products in food and biological systems, in
Vitamins and Hormones, G. Litwack, Editor.
Academic Press. p. 367-399.

[3] Vieira, S. A., Zhang, G. , & Decker, E. A.
(2017). Biological Implications of Lipid
Oxidation Products. Journal of the American
Oil Chemists' Society, 94(3), 339-351. DOI:
10.1007/s11746-017-2958-2.

[4] Shahidi, F. , & Ambigaipalan, P., (2018).
Antioxidants in  oxidation control, 1n
Measurement of Antioxidant Activity &
Capacity. p. 287-320.

[5] Feng, J., Berton-Carabin, C. C., Fogliano,
V., & Schroén, K. (2022). Maillard reaction

172

products as functional components in oil-in-
water emulsions: A review highlighting
interfacial and antioxidant properties. Trends in
Food Science & Technology, 121, 129-141.
DOI:
https://doi.org/10.1016/j.tif5.2022.02.008.

[6] Lorenzo, J. M., Munekata, P. E. S., Baldin,
J. C., Franco, D., Dominguez, R., Trindade, M.
A., & Tindade, M. (2017). The use of natural
antioxidants to replace chemical antioxidants in
foods. Strategies for Obtaining Healthier
Foods,; Lorenzo, JM, Carballo, FJ, Eds, 205-
228.

[7] Ahmad Nejhad, A., Alizadeh Behbahani,
B., Hojjati, M., Vasiee, A. , & Mehrnia, M. A.
(2023). Identification of phytochemical,
antioxidant, anticancer and antimicrobial
potential of Calotropis procera leaf aqueous
extract. Scientific Reports, 13(1), 14716. DOI:
10.1038/541598-023-42086-1.

[8] Alizadeh Behbahani, B., Falah, F., Lavi
Arab, F., Vasiee, M. , & Tabatabaee Yazdi, F.
(2020). Chemical composition and antioxidant,
antimicrobial, and antiproliferative activities of
Cinnamomum zeylanicum bark essential oil.
Evidence-Based Complementary and
Alternative Medicine, 2020(1), 5190603.

[9] Alizadeh Behbahani, B., Falah, F., Vasiee,
A., & Tabatabaee Yazdi, F. (2021). Control of
microbial growth and lipid oxidation in beef
using a Lepidium perfoliatum seed mucilage
edible coating incorporated with chicory
essential oil. Food science & nutrition, 9(5),
2458-2467.

[10] Alizadeh Behbahani, B., Noshad, M. , &
Falah, F. (2020). The combined effect of the
combined Fennel and Clove essential oils on
Staphylococcus epidermidis, Bacillus cereus,
Salmonella typhi and Enterobacter aerogenes
using Checkerboard assay (fractional inhibitory
concentration index). Journal of food science
and technology(lran), 17(106), 75-83. DOI:
10.52547/fsct.17.106.75.

[11] Alizadeh Behbahani, B., Noshad, M.,
Falah, F., Zargari, F., Nikfarjam, Z. , & Vasiee,
A. (2024). Synergistic activity of Satureja
intermedia and Ducrosia anethifolia essential
oils and their interaction against foodborne
pathogens: A multi-ligand molecular docking
simulation. LWT, 205, 116487. DOI:
https://doi.org/10.1016/j.1wt.2024.116487.
[12] Alizadeh Behbahani, B., Tabatabaei
Yazdi, F., Shahidi, F. , & Mohebbi, M. (2012).
Antimicrobial activity of Avicennia marina
extracts ethanol, methanol & glycerin against


https://www.sciencedirect.com/science/article/pii/S0023643824011514#gs2

Iranian journal of food science and industry

Number 165, Volume 22, November 2025

Penicillium digitatum (citrus green mold).
Scientific Journal of Microbiology, 1(7), 147-
151.

[13] Falah, F., Shirani, K., Vasiee, A., Yazdi, F.
T. , & Behbahani, B. A. (2021). In vitro
screening of phytochemicals, antioxidant,
antimicrobial, and cytotoxic activity of
Echinops setifer extract. Biocatalysis and
Agricultural Biotechnology, 35, 102102.

[14] Rahmati-Joneidabad, M., Alizadeh
Behbahani, B. , & Noshad, M. (2022).
Evaluation of total phenols and flavonoids,
antioxidant power, and antimicrobial activity of
Levisticum officinale Koch essential oil against
some spoilage fungi causing apple and orange
rot. Iranian Food Science and Technology
Research  Journal, 18(5), 699-709. DOI:
10.22067/ifstrj.2022.74735.1136.

Abbasi, S., Aleebrahim Dehkordi, E. , &
Kamali, P., Comparative study of the
antimicrobial effect of the total hydroalcoholic
extract of Polygonum bistorta root on
pathogenic microorganisms with the antibiotics
erythromycin, penicillin and amoxicillin, in 3rd
International Conference on Research in
Science and Technology. 2016.

[16] Ghelich, T., Hashemi Karouei, M. , &
Gholampor Azizi, 1. (2014). Antibacterial
Effect of Methanolic Extraction of Polygonum
Bistorta on Some Bacteria. Medical Laboratory
Journal, 8(2), 41-47.

[17] Pawlowska, K. A., Hatasa, R., Dudek, M.
K., Majdan, M., Jankowska, K. , & Granica, S.
(2020). Antibacterial and anti-inflammatory
activity of bistort (Bistorta officinalis) aqueous
extract and its major components. Justification
of the usage of the medicinal plant material as
a traditional topical agent. Journal of
Ethnopharmacology, 260, 113077. DOI:
https://doi.org/10.1016/j.jep.2020.113077.

[18] Salehi, E., Morovatisharifabad, M.,
Karimi, M. , & Sazi Zavareh, M. (2022). The
effect of hydroalcohlic of Bistort (Polygonum
bistorta L) root on blood glucose levels of
streptozotocin induced diabetic mice. Applied
Biology, 35(1), 156-166. DOLI:
10.22051/jab.2021.37075.1437.

[19] Behbahani, B. A., Shahidi, F., Yazdi, F. T.,
Mortazavi, S. A. , & Mohebbi, M. (2017).
Antioxidant activity and antimicrobial effect of
tarragon (Artemisia dracunculus) extract and
chemical composition of its essential oil.
Journal  of Food  Measurement and
Characterization, 11(2), 847-863. DOI:
10.1007/s11694-016-9456-3.

173

[20] Njoku, O. V. , & Obi, C. (2009).
Phytochemical constituents of some selected
medicinal plants. African journal of pure and
applied chemistry, 3(11), 228-233.

[21] Javanmardi, J., Stushnoff, C., Locke, E. ,
& Vivanco, J. M. (2003). Antioxidant activity
and total phenolic content of Iranian Ocimum
accessions. Food Chemistry, 83(4), 547-550.
DOI: https://doi.org/10.1016/S0308-
8146(03)00151-1.

[22] Yeganegi, M., Tabatabaei Yazdi, F.,
Mortazavi, S. A., Asili, J., Alizadeh Behbahani,
B. , & Beigbabaei, A. (2018). Equisetum
telmateia extracts: Chemical compositions,
antioxidant activity and antimicrobial effect on
the growth of some pathogenic strain causing
poisoning and infection. Microbial
Pathogenesis, 116, 62-67. DOI:
https://doi.org/10.1016/j.micpath.2018.01.014.
[23] Rahmati-Joneidabad, M., Alizadeh
Behbahani, B. , & Noshad, M. (2024).
Determination of antioxidant activity, and
antifungal effect of Ferula persica L
hydroalcoholic extract on some fungal strains
causing strawberry and grape fruits rot “in
vitro”. Research in Plant Metabolites, 2(1), 5-
17. DOI: 10.22034/jrpsm.2024.165984.

[24] Jalil Sarghaleh, S., Alizadeh Behbahani,
B., Hojjati, M., Vasiee, A. , & Noshad, M.
(2023). Evaluation of the constituent
compounds, antioxidant, anticancer, and
antimicrobial potential of Prangos ferulacea
plant extract and its effect on Listeria
monocytogenes virulence gene expression.
Frontiers in  Microbiology, 14. DOL:
https://doi.org/10.3389/fmicb.2023.1202228.
[25] Dapkevicius, A., Venskutonis, R., van
Beek, T. A. , & Linssen, J. P. H. (1998).
Antioxidant activity of extracts obtained by
different isolation procedures from some
aromatic herbs grown in Lithuania. Journal of
the Science of Food and Agriculture, 77(1),
140-146. DOI:
https://doi.org/10.1002/(SICI)1097-
0010(199805)77:1<140::AID-
JSFA18>3.0.CO;2-K.

[26] Saffari Samani, E., Jooyandeh, H. , &
Alizadeh Behbahani, B. (2022). Investigation
on the chemical composition, bioactive
functional groups, antioxidant potential and cell
toxicity (HT29) of Shirazi thyme essential oil:
A study in laboratory scale. [ranian Food
Science and Technology Research Journal,
18(2), 203-217. DOLI:
10.22067/ifstrj.2020.40161.0.



Mohammad Golbashy et al

Composition, Antioxidant Potential, Total Phenols ...

[27] Kukula-Koch, W. A. , & Widelski, J.,
(2017).  Chapter 9 -  Alkaloids, in
Pharmacognosy, S. Badal and R. Delgoda,
Editors. Academic Press: Boston. p. 163-198.
[28] Zuiter, A. S., (2014). Proanthocyanidin:
Chemistry and Biology: From Phenolic
Compounds  to  Proanthocyanidins, in
Reference Module in Chemistry, Molecular
Sciences and Chemical Engineering. Elsevier.
[29] Rao, A. V. , & Sung, M. K. (1995).
Saponins as Anticarcinogens. The Journal of
Nutrition, 125, 717S-7248. DOI:
https://doi.org/10.1093/jn/125.suppl_3.717S.
[30] Wang, S.-T., Gao, W., Fan, Y.-X., Liu, X.-
G., Liuy, K., Du, Y., Wang, L.-L., Li, H.-J., Li,
P. , & Yang, H. (2016). Phenol profiles and
antioxidant capacities of Bistort Rhizoma
(Polygonum bistorta L.) extracts. RSC
Advances,  6(33), 27320-27328. DOL:
10.1039/C6RA00687F.

[31] Wang, S.-T., Yang, H., Gao, W., Li, H.-J.
, & Li, P. (2016). Trace enrichment and
characterization of polyphenols in Bistort
Rhizoma using weak anion-exchange solid
phase extraction and high performance liquid
chromatography-quadrupole time-of-flight
mass spectrometry. Journal of Pharmaceutical
and Biomedical Analysis, 119, 91-98. DOI:
https://doi.org/10.1016/j.jpba.2015.11.033.
[32] Yang, W.-Q., Qian, Z.-M., Wu, M.-Q.,
Gao, J.-L., Huang, Q., Zou, Y.-S., & Tang, D.
(2023). Online Microextraction Coupled with
HPLC-ABTS for Rapid Analysis of
Antioxidants from the Root of Polygonum
bistorta. Evidence-Based Complementary and
Alternative Medicine, 2023(1), 7496848. DOI:
https://doi.org/10.1155/2023/7496848.

[33] Intisar, A., Zhang, L., Luo, H., Kiazolu, J.
B., Zhang, R., & Zhang, W. (2013). Anticancer
constituents and cytotoxic activity of methanol-
water extract of Polygonum bistorta L. African
Journal of Traditional, Complementary and
Alternative Medicines, 10(1), 53-59.

[34] Pirvu, L., Sha’at, F., Miclea, L. C.,
Savopol, T., Neagu, G., Udeanu, D. I. , &
Moisescu, M. G. (2017). Polygonum bistorta L
herba et flores polyphenols profile, antioxidant
properties and cytotoxic effect on murine

174

fibroblast cell line NIH3T3. Farmacia, 65(4),
571-576.

[35] Javid, H., Ul Qadir, R., Magray, J. A.,
Wani, B. A., Nawchoo, I. A. , & Gulzar, S.
(2024). Variability in morphology,
phytochemicals and antioxidant activity in
Bistorta amplexicaulis (D. Don) Greene
populations under variable habitats and
altitudes. Natural Product Research, 38(4),
563-580. DOI:
10.1080/14786419.2023.2181802.

[36] Tabassam, S., Anwar, M. A., Gulfraz, M.,
Arshad, M., Sabitaliyevich, U. Y,
Nurmurzayevich, S. B. , & Ahmad, M. S.
(2019). Bioactivity evaluation and HPLC UV-
VIS based quantification of antioxidant
secondary metabolites from extract and
fractions of Bistorta amplexicaulis rhizome.
Cellular and Molecular Biology, 65(1), 19-26.
[37] Batool, S., Gulfraz, M., Naqvi, S. M.,
Mirza, B. , & Ahmad, M. S. (2015). Evaluation
of antioxidant potential and HPLC based
identification of phenolics in Polygonum
amplexicaule extract and its fractions. Pakistan
Journal of Pharmaceutical Sciences, 28(2).
[38] Munir, N., ljaz, W., Altaf, I. , & Naz, S.
(2014). Evaluation of antifungal and
antioxidant potential of two medicinal plants:
Aconitum heterophyllum and Polygonum
bistorta. Asian Pacific Journal of Tropical
Biomedicine, 4, S639-S643. DOI:
https://doi.org/10.12980/APJTB.4.201414B18
2.

[39] Pillai Manoharan, K., Yang, D., Hsu, A. ,
& Tan Kwong Huat, B. (2007). Evaluation of
Polygonum bistorta for anticancer potential
using selected cancer cell lines. Medicinal
chemistry, 3(2), 121-126.

[40] Celik, T. A. (2012). Potential genotoxic
and cytotoxic effects of plant extracts. A
compendium of essays on alternative therapy,
233-250.

[41] Oliveira, P. F. d., Alves, J. M., Damasceno,
J. L., Oliveira, R. A. M., Dias Junior, H., Crotti,
A. E. M. , & Tavares, D. C. (2015).
Cytotoxicity screening of essential oils in
cancer cell lines. Revista Brasileira de
Farmacognosia, 25, 183-188.



VeoY :l:/} AR 0,93 NEA cJ\La.fJ s\;\‘j_i\ Jl'\& CL..&){:}LOM

www.fsct.modares.ac.ir :aows Colu

Lyl pd s andllas lowl o ojlas Johe Coams 15 IS LS5 5 6 ¢ Gl ST il (oS 5
AR LT
Alaa G. Al-Hashimi® ' Jleg o3l5de 55,4 ¥ c3WE oz
U‘jil cu_:UM.a udtw)? N CLA B 6)))% r)lﬁ A.(.L’ls cé)))uﬁ 0SSN «thL\f gg.:i:j E) J\J)J w.)m.@.d ajjg g)l.aat.ﬂ\—\

U‘jil gv_:UM.a ‘QL:.U? N CLA B 6))}% r)lﬁ bKJ.Jb g@‘v\.& c:l«a B Jals rjlﬁ ISl gu__:.\.)& @L«é uw.)m.éy‘ E) f)lﬁ oﬁﬁ LJ\L:«:‘.}.)—Y

3-Food Science Department, College of Agriculture, University of Basrah, 61004 Basrah, Iraq

kS Jlis Sl
oo lasls b 4 53 5350 2108 slge (2lBE 2515 el (kS ot S RGBT A O gl P llie gla gl
S ss )l olen 415 0l 5 (B3 8 — ol Sl len wile SlAg sl SIS 5 gdie 31 ge rals

S kBl il o gl Skl Ses ks 350 BHT 5 BHA Wb o snae sl o lugSs VECE/V/YA 1ol fu sl

Sl & Ol o550 (AL (b 0K b b SRl 4 BN LI 4 o
cadlas cpl 5s daas o &l 55k 5 Foesl slafoel, dea b pSlel 5 LadS S8 (ad g8 L
bl &S aLS (Bistorta officinalis) jlowl oS o1 o )las oS 5 g 5 eS| ST sa S5

VEVEIIO 1 b pdy s

(eSS olds
Cwd & oylas .;J,f,l,i g 350 Sl 0l wELS O g9 S Ao g 2l e slas 8
5 S G N (e gl (o JISIT o 51 Cilisen GladISaS g2 (gl cod K laady, 5l okal e O gl
S s ol s VIO MG GAE/G b 5l 5 IS J 5 (6l g .o B 515 o 5 43200 3,90 b I g8 ol

DPPH (gls o5, 5l eslizal b ilaeeST ST Clled 3 £4/¥A Mg QE/g L 41, JS Ay sh (sl e )
_ (st s
[ XVAR] l‘.Jflﬁ ol [WVEY ICSOﬁbuﬁ 9 c,_»}f J‘} JL'.))‘ 3,90 &JJ)\S—\J.: LS}:K'.’J }FRAP ABTS

0031 $1p AN mmol/g Jlkia b (ABTS) 2 oo )3 p 55 Sea YA/Y+ 5 (DPPH) 2 o )3 55 S (s o
w‘:.hls Sl oxms LS HelLa 9 HT-29 @Uo,.a ")_,.La slees; 69, 6‘-""‘" S d‘w.)‘ > FRAP s oS 5

f;;f“-’-"’v./*"ﬁﬁjgf‘?‘)é r;/b;\:.a/\‘/i sT,.:JJS qICsoﬁ:uﬁL:J_’.L« Qﬁhaﬁjjbwqﬁwa.b
22 e B BN 5 b S ohga colas o asmge Jd e SLS § p e 52
Sloss oo b 0 ki 1agR S Ol g 4y 1) OF il 5 iyl OF S 55 g2 5 GlobemaS T 3T 0l g5

2 (B gen SLOIST BT gl b 25K S Ol 4 Ll 2 5 B ol dn b e e

b lae i)l S

10.22034/FSCT.22.165.164.

LS o ST gyls 4 1dE i g e J e

Mgolbashy@asnrukh.ac.ir

175



mailto:Mgolbashy@asnrukh.ac.ir
http://www.fsct.modares.ac.ir/

