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ABSTRACT 

The use of medicinal plant as alternative and complementary therapy is fast gaining attention in recent 

times particularly in developing nations. However, little or no attention is placed on identifying their 

bioactive constituents in terms of structures in relation to therapeutic effect. The present study 

investigates the bioactive compounds as well as the antioxidant mechanisms of B. vulgaris leaf with a 

view to providing scientific explanation for its widespread usage in folk medicine. Total phenolic and 

flavonoid content of the aqueous, methanolic and ethanolic extract of B. vulgaris leaf was determined 

according to established protocols. Moreover, structure and relative abundance of its active principles 

were determined using gas chromatography- mass spectroscopy (GC-MS). In vitro antioxidant 

mechanisms such as 2,2-diphenyl-1-picrylhydrazyl (DPPH) and nitric oxide (NO·) radicals’ scavenging 

as well as ferric reducing antioxidant potential (FRAP) were performed following established protocols. 

GC-MS chromatogram of methanolic extract of B. vulgaris leaf showed that it contains 19 bioactive 

constituents of varying abundance and retention times. Methanolic extract contained more phenolics and 

flavonoids than the other two extracts tested. Free radical scavenging and ferric reducing potential was 

higher in the methanolic extract than the other two extracts used in the study. In conclusion, methanol 

extracted more bioactive phytochemicals and therefore exhibited higher antioxidant property than water 

and ethanol. Hence, for optimal medicinal usage of B. vulgaris leaf, methanol should be adopted for its 

extraction.   

Keywords: B. vulgaris, GC-MS, Phytochemicals, Extraction, Bioactive, Antioxidants, Medicinal plant. 

 
INTRODUCTION 

Since antiquity, plants have been utilized for food, clothing, shelter and more importantly medicine for 

the treatment of several diseases [1,2]. Till date, herbal medicine still forms a major bulk of healthcare 

delivery system where herbal products are compounded as drugs for the treatment of several ailments [3-

5]. In recent times, complementary herbal medicine is fast gaining attraction particularly in developing 

nations where access and affordability to orthodox healthcare is restricted. Although, these herbal 

products have been reported to be therapeutically effective, there is a need to evaluate the bioactive 

constituents of these plants that are responsible for the observed effects. This effort has led to a marked 

boost in the global healthcare delivery system [6,7].  

Medicinal plants are veritable raw materials for rational drug design [8]. Generally, synthetic drugs 

present with side effects, probably due to their unnatural origin. Perhaps, this explains why advocacy for 

the use of herbal products as drugs is increasing in recent times [9]. 

Medicinal plants are enriched with a cocktail of phytochemicals, primarily synthesized for their survival 

in their habitat. However, these phytochemicals, have been identified with profound therapeutic effects 

that can be exploited for the treatment of several diseases. These secondary metabolites can act 

additively or synergistically when extracted to bring about the desired therapy intended  [10]. The process 

of drug synthesis begins with screening plant extracts for the presence of active principles such as 

polyphenols, flavonoids, terpenoids, cardiac glycosides, tannins, Sutherland frutescens, Carpobrotus 

edulis, Crossyne guttata and their isolated bioactive compounds/molecules are well known 

internationally for their potency [8-11]. saponins and alkaloids. These phytochemicals have been proven to 

exhibit biological activities such as antiulcer, antimalarial, anticancer, anti-inflammatory, antidiabetic 

among others [11-13]. 

B. vulgaris has been noted globally for its nutritional and medicinal potentials [14-16]. The first medicinal 

use of B. vulgaris started about ten millennia ago, where the plant was used to prepare a health-boosting 

tonic which has been acknowledged for its anti-aging and anti-stress potentials. Several B. vulgaris  
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based herbal preparations such as bamboo vinegar, bamboo silica, 

bamboo salt, bamboo extracts and bamboo charcoal are available for 

the treatment of various pathological disorders [17]. Leaves and shoot 

extract of B. vulgaris have been reported for exhibiting antioxidant 
[18]. anticancer [19]. antibacterial [20]. cardioprotective [21]. activities in 

several models. 

Gas chromatography-mass spectroscopy (GC-MS) involves the 

combination of gas chromatography and mass spectrometer in the 

analytical determination of compounds present in a material such as 

crude extract of plants [22-25]. This analytical technique has been 

applied in the qualitative and quantitative estimation of compounds 

even at trace concentration [26-31].  

Considering the potential usefulness of B. vulgaris in the treatment of 

diseases, it is pertinent to investigate its bioactive constituents as well 

as unravel its antioxidant mechanism of action. The present study 

therefore fills this knowledge gap.  

MATERIALS AND METHODS 

Preparation of plant materials 

Leaves of B. vulgaris were harvested fresh within the Ekiti State 

University, Ado Ekiti campus and authenticated at Department of 

Plant Science. The leaves were dried under a shade and ground to 

powder in a blender. Extraction of the powdered leaves was done with 

80% methanol for 3 days. The filtrate was decanted, extraction solvent 

evaporated and the crude extract obtained weighed and kept airtight. 

Ethical approval with certificate number, ORD/AD/EAC/19/0083, 

was obtained from the Office of Research and Development (ORD), 

Ekiti State University, Ado Ekiti. 

Chemicals 

Phosphate buffer saline (PBS), 2,2-diphenyl-1-picrylhydrazyl 

(DPPH.) radical, phosphoric acid, ferric chloride, potassium 

dihydrogen phosphate (KH2PO4) were purchased from Fluke 

Chemicals, Sodium nitroprusside (SNP), sodium nitrite, 

trichloroacetic acid, ferrous sulphate, sodium carbonate, 

sulfanilamide, potassium hydroxide (KOH), naphthyl ethylenediamine 

dihydrochloride, perchloric acid, ethylenediaminetetraacetic acid 

(EDTA), aluminum trichloride and  Folin-Ciocalteu reagent (FCR)  

were all purchased from Sigma Chemical Co. (St. Louis, MO).  

Estimation of total phenolic content 

Total phenolic content of B. vulgaris leaf was estimated according to 

the method of Singleton et al [32]. Graded amount of extract containing 

200, 400 and 800 mg/ml were added separately to distilled water in 

labelled test-tubes. Briefly, 2.5 ml of Folin - Ciocalteu reagent and 2 

ml of sodium carbonate (7.5% w/v) were measured and added to the 

test labelled test tubes and incubated for 40 min at 45°C. Absorbance 

of the resulting solution was monitored at 765 nm, while the total 

phenolic content was estimated as gallic acid equivalent (GAE). 

Estimation of total flavonoid content 

The method of Mead et al [33] was followed in the estimation of the 

total flavonoid content in B. vulgaris leaf extracts. Appropriate vole of 

each extract that contained 200, 400 and 800 mg/ml was added to 0.1 

ml of aluminum trichloride, acidified with of 0.1 ml acetic acid, and 

made up to 5 ml with distilled water and incubated at 25℃ for 40 min. 

Absorbance of solution was read at 415 nm against a blank containing 

all reaction constituents except the extracts. Total flavonoid in the B. 

vulgaris extracts were then estimated as quercetin equivalent (QE). 

Nitric oxide radical (NO·) scavenging activity  

NO radical scavenging activity of B. vulgaris leaf extracts was 

measured by the method of Mar cocci et al [34]. Appropriate volume of 

extracts containing 200, 400 and 800 mg/ml was measured and added 

to 5 mM sodium nitroprusside in phosphate buffer saline and 

incubated for 3 h at 25℃ to release NO· radical which reacts with 

oxygen to produce nitrite ion. One milliliter of the incubation mixture 

is withdrawn every 30 min and added 1 ml of Griess reagent. 

Absorbance of the colored product formed was then read at 546 nm. 

Amount of nitrite generated was obtained by interpolation from 

sodium nitrite curve and used for the estimation of NO scavenging 

activity of the extracts.  

DPPH radical scavenging ability 

The ability of B. vulgaris leaf extracts to scavenge DPPH radicals in 

vitro was determined according to the method of Awash et al [35]. 

Fifty microliters (50 µl) each B. vulgaris leaf extracts were added 

separately to 1.0 ml of DPPH (0.4 mM) solution in labelled test tubes, 

made up to 5 ml with methanol, vortexed for 60 s and incubated for 

20 min at 25℃ in the dark. Absorbance of the solution was measured 

at 517 nm against a blank which contains DPPH and methanol only 

without the extracts. Amount of DPPH radical scavenged (%) relative 

to the blank was estimated. 

Ferric Reducing property 

The method of Pulido et al [36]. was followed in the estimation of the 

ferric reducing potentials of the various extracts of B. vulgaris. 

Volumes of extract equivalent to 200, 400 and 800 mg/ml was 

measured and mixed with 200 mM sodium phosphate buffer pH 6.6 

and 1% potassium ferrocyanide (w/v) and incubated for 20 min at 

50℃. Ten percent TCA (w/v) was added and centrifuged for 10 min 

at 650 rpm. One milliliter (1 ml) of the supernatant obtained was 

mixed with equal volume of distilled water and 1% ferric chloride 

(w/v). Absorbance was then read at 700 nm against the blank which 

contains other reaction components except the extracts.  

GC-MS Analysis 

Gas chromatography mass spectroscopy of methanolic extract of B. 

vulgaris leaves was performed according to manufacturer’s 

instructions.  Identification of volatile compounds (VOCs) was done 

using the National Institute of Standards and Technology (NIST) 

reference library. Mass spectra of the compounds were obtained by 

electron ionization at 70 eV, using a spectral range of m/z 30–1000. 

Each compound was estimated from standard curves calculated from 

three serial dilutions of analytical standards. All determinations were 

replicated thrice for each assay and the results are presented as mean 

of the determinations.  

Statistical analysis 

Values are expressed as mean ± standard error in mean (SEM) of an 

experiment performed in triplicate and were analyzed using 

appropriate analysis of variance (ANOVA) followed by Duncan’s 

multiple range test. Significant difference was set at p = 0.05. 

RESULTS 

Total phenolics 

Amount of phenolics in the methanol, ethanol and water extracts of B. 

vulgaris leaf is as presented in Figure 1. It revealed that methanolic 

extract contained the highest phenolics of the three extracts 

investigated. Total phenolic content was in the order 

methanol>ethanol>water. 

Total flavonoids 

Figure 2 reveals the total flavonoid content in the extracts of B. 

vulgaris extracts investigated. It shows that methanolic extract 

contained higher flavonoid than ethanol and aqueous extracts.  
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Nitric oxide radical scavenging 

As presented in Figure 3, methanolic extract of B. vulgaris leaf 

demonstrated the most potent ability in scavenging nitric oxide 

radicals when compared to ethanolic and aqueous extracts.   

DPPH radical scavenging ability 

The result of DPPH radical scavenging ability of B. vulgaris is as 

presented in Figure 4. It shows that methanolic extract demonstrated 

the most effective DPPH radical scavenging property of all the 

extracts tested. 

Ferric reducing antioxidant potential (FRAP) 

The potential of B. vulgaris extracts to reduce ferric ions is as 

presented in Figure 5. It indicates that methanolic extract showed the 

highest ferric reducing potential of the three extracts tested.  

GC-MS analysis  

GC-MS chromatogram (Figure 6) of methanolic extract of B. vulgaris 

leaf showed the presence of 19 bioactive compounds (Table 1). 

Terpinen-4-ol and phytol has the highest peaks and retention times 

respectively while 3-hexyn-2-ol and furfural has the lowest peaks and 

retention times respectively (Table 6). 

 
Figure 1: Total Phenolic Content of B. vulgaris leaf extracts. Each data point indicates the mean ± SEM of an experiment performed thrice. GAE indicates, gallic 
acid equivalent 

 
Figure 2: Total Flavonoids Content of B. vulgaris leaf extracts. Each data point indicates the mean ± SEM of an experiment performed thrice. QE- quercetin 
equivalent 
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Figure 3: GC-MS Chromatogram of methanolic extract of B. vulgaris leaf 

 
Figure 4: DPPH radical scavenging ability of B. vulgaris extracts in vitro. Each data point indicates the mean ± SEM of an experiment performed thrice 

 
Figure 5: Nitric oxide (NO) radical scavenging ability of B. vulgaris leaf extracts in vitro. Each data point indicates the mean ± SEM of an experiment performed 

thrice 
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Figure 6: Ferric reducing Potential of B. vulgaris extracts in vitro. Each data point indicates the mean ± SEM of an experiment performed thrice 

 
DISCUSSION 

Medicinal plants have been identified with avalanche of secondary 

metabolites primarily synthesized for their adaptation and continuous 

survival in their habitat. These compounds (phytochemicals) have 

been noted for various medicinal purposes, hence, their continuous 

exploitation as raw materials for rational drug design. The potency 

and abundance of these phytochemicals depends largely depends of 

the solvents used for their extraction [37-39]. Depending on polarity, 

phytochemicals exhibit varying degree of solubility in polar and non-

polar solvents [40,41]. In specific term, an active ingredient of a 

medicinal plants may be poorly or totally not extracted if the 

appropriate solvent that required for optimal solubility of the targeted 

phytochemicals is not employed for its extraction [42]. In the present 

study, a differential solubility of the phenolics in the leaf of B. 

vulgaris was observed. Total phenolic content was highest in the 

methanolic extract of the plant (Figure 1). This suggests that the class 

of phenols present in the leaf extract of the plant were more soluble in 

methanol than either of ethanol and water. This is in agreement with 

previous reports [43-45].  In terms of polarity, water is the most polar of 

the three solvents employed for extraction. The fact that total phenolic 

content was highest in the methanolic extract suggests that the type of 

phenolics present in the leaf of the plant exhibits optimal solubility in 

methanol. This is in agreement with the reports of Iloki-Assanga et al. 
[46]. where the order of phenolic content was methanol>water>ethanol, 

as observed in the present study. Previous reports on many medicinal 

plants such as Rosmarinus officinalis [47], Thymus vulgaris [48], 

Marsupium globosum [49], Salvia officinalis, S. verbenaca, S. Egyptiac 

and S. argentea [50]. established a linear relationship between 

polyphenolics and antioxidant potentials of medicinal plants. Hence, 

the use of these compounds as potent antioxidants with diverse 

applications in medicine. This is responsible for the ability of these 

compounds to act as free radical-scavengers and antioxidants. 

Total flavonoids content was highest in the methanolic extract of B. 

vulgaris leaf (Figure 2). This suggests that the flavonoids present in 

the leaf exhibits intermediate solubility between water and ethanol 

indicating the importance of solvent polarity in the extraction of active 

principles from medicinal plants. This is in agreement with the report 

of  Ogunmoyole et al [51]. Although, the two other solvents (ethanol 

and water) extracts show significant level of flavonoids indicating that 

certain flavonoids present in the leaf are soluble in ethanol and water 

respectively. Perhaps, flavonoids exhibit different physical and 

chemical properties to allow for their differential extraction in 

different solvents. Medicinal relevance of a phytochemical is not only 

a function of its abundance but also its therapeutic efficacy.  

 

Analysis of B. vulgaris leaf extract on gas chromatography column 

(Figure 3) showed the presence of nineteen bioactive compounds 

(Table 1), with different antioxidant properties. It must be mentioned 

that the medicinal relevance of a phytochemical is not only a function 

of its abundance but also of its efficacy.  Phytol has been suggested to 

possess anticancer and antimicrobial potential [52,53]. Perhaps, phytol 

reacts with free radicals via protonation causing the radicals to attain 

configurational stability thereby becoming less reactive [54,55]. This 

might possibly explain the contribution of phytol to the free radical 

scavenging ability of B. vulgaris leaf extract observed in the present 

study.  

Sesquiterpenes represent a group of phytochemicals (secondary 

metabolites) with multiple medicinal potentials including 

antihypertensive, analgesic [56]. anti-inflammatory [57]. antibiotics 

(Pavlov, 1956), sedative [58]. hair growth inducer [59]. platelet-

activating factor (PAF) antagonist [60]. and anticarcinogenic activities 
[61]. Cedrol, a typical member of the sesquiterpenes family with 

anticancer and anti-inflammatory effects was found in the extract of 

B. vulgaris. Hence, the earlier reports of anticancer and anti-

inflammatory effect of B. vulgaris leaf extract can be partly attributed 

to cedrol [62-65]. 

Megastigmatrienone was also found in the methanolic extract of B. 

vulgaris. This phytochemical has been linked with blackberries’ 

aroma [66]. Octadecanoic acid with reported antitumor, antibacterial 

and antifungal properties was found in the methanolic extract of B. 

vulgaris leaf. This might suggest that a component of the medicinal 

effect of the plant might be due to the presence of octadecanoic acid 
[67]. n- hexadecenoic acid which has been associated with antioxidant, 

nematocidal, hypocholesterolemia, pesticidal, hemolytic, 

antipsychotic and antiandrogenic potentials was also found in the 

methanolic extract of the plant. This suggest that n- hexadecenoic acid 

contributes largely to the overall medicinal effect of the plant [67]. All 

other bioactive constituents of B. vulgaris leaf identified by GC-MS in 

the present study have been suggested to exhibit various antioxidant 

properties that are directly linked to the medicinal effects of the plant 
[68]. 

In the present study, extracts of B. vulgaris leaf exhibited marked 

radical scavenging effect against DPPH (Figure 4). This effect can be 

traced to the phenolic and flavonoids present in the extract. Phenols 

and flavonoids have been suggested as active free radical scavengers 

in vitro [68]. In terms of mechanism, phenols and flavonoids donate 

their free protons to DPPH radical which is usually unstable, thereby 

attaining stability in its conformation. Usually, the purple color of 

DPPH changes to golden yellow on interaction with antioxidants such 
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as phenols and flavonoids [69]. The fact that all extracts of B. vulgaris 

leaf scavenged DPPH radical although to varying degrees suggest that 

they all contain phenols and flavonoids in different concentrations 

producing different results. However, methanolic extract showed the 

highest radical scavenging effect suggesting that it extracted more 

phytochemicals than other solvents as revealed in the total phenolic 

and flavonoid content of the extracts.  

The antioxidant potency of an agent is routinely measured in the 

laboratory by its ability to scavenge NO radical in vitro [70]. In terms 

of reactivity, nitrite radicals are deleterious when in contact with 

critical macromolecules such as carbohydrates, lipids, proteins and 

nucleic acids [71]. Under normal physiological condition, NO is a 

potent neurotransmitter and vasodilator [72]. However, any disturbance 

in the fragile balance between antioxidant and free radicals that tends 

to favor free radicals in the physiological system could trigger 

inflammatory reactions, arthritis and ulcerative colitis due to increased 

level of NO radical. NO turn lethal on interaction with oxygen 

centered radicals such as superoxide radicals forming a very toxic 

proximities radical (ONOO−) [71]. Medicinal relevance of 

phytoconstituents is often determined by their ability to prevent the 

formation of this radical in the physiological system [72,73]. 

Antioxidants compete with oxygen for interaction with nitric oxide 

radical thereby preventing the formation of NO scavenge nitric oxide 

radicals by competing with oxygen, thereby inhibiting the production 

of proximities radicals [74]. Extracts of B. vulgaris leaf used in the 

present study showed significant NO radical scavenging potential 

(Figure 5). However, methanolic extract was the most potent 

suggesting that specific phytoconstituents present in the methanolic 

extract prevented the interaction of nitric oxide with oxygen thereby 

blocking the formation of proximities radicals. These 

phytoconstituents have been suggested as phenolic and flavonoids [75]. 

The reductive capacity of medicinal plants on transition metals is a 

routine diagnostic test of their antioxidative potentials. During 

oxidative stress, protons that are sustain the electronic stability of 

critical macromolecules are abstracted leading to their oxidation. 

Hence, agents that can reduce these oxidized species via reduction are 

often classified as antioxidants, while the extent to which the 

reduction is achieved typifies their antioxidant strength.  In the present 

study, methanolic extract of B. vulgaris exhibited stronger reductive 

capacity in comparison to ethanolic and aqueous extracts. This effect 

is traceable to the amount and potency of the phytochemical extracted 

(Figure 6). Perhaps, it might suggest that one of the mechanisms of 

antioxidant actions of the phytochemicals extracted is via reduction. 

 

Table 1: Bioactive Compounds found in methanolic extract of B. vulgaris leaf on GC-MS analysis 

Peak # RT Compound Detected Mol. Formula MW Peak Area% Comp % wt. m/z Structures 

1 8.31 Furfural C5H4O2 96 1.05 0.37 35,95, 96 

 

2 23.05 3-hexyn-2-ol C6H10O 98 1.20 1.09 43, 67, 88 

 

3 24.29 2-Undecanone C11H22O 170 3.83 2.05 43, 58, 170 

 

4 27.02 
4-Hydroxy-2-

methylacetophenone 
C9H10O2 150 1.46 1.00 77, 107, 150 

 

5 29.00 Megastigmatrienone C13H18O 190 2.37 1.93 91, 133, 190 

 

6 22.24 Octadecane C18H38 254 7.19 5.32 42, 57, 254 

 

7 25.21 9-Hexadecenoic acid C16H30O2 
254 

 
2.99 1.81 55, 69, 254 

 

8 
41.00 

 
Benzaldehyde,2-

methyl- 
C8H8O 120 11.38 14.42 91, 119, 120 

 

9 42.00 

9,12,15-

Octadecatrienoic acid, 
(Z,Z,Z)- 

C18H30O2 278 7.25 8.34 67, 79, 278 
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10 44.18 1-Hexadecanol C16H34O 242 4.19 3.67 55, 69, 242 

 

11 45.13 n-Hexadecenoic acid C16H32O2 256 4.08 3.98 43, 73, 256 

 

12 46.00 Oleic acid C18H34O2 282 13.11 16.03 51, 65, 282 

 

13 48.00 α-Terpineol C10H18O 154 13.17 15.82 59, 93, 154 

 

14 48.61 
2-Pentadecanone, 
6,10,14-trimethyl- 

C18H36O 268 7.25 5.77 43, 58, 268 

 

15 50.82 Oxirane, tetradecyl- C16H32O 240 9.61 10.03 42, 82, 240 

 

16 51.00 Iso-phytol C20H40O 296 3.61 3.07 43, 71, 296 

 

17 54.11 Cedrol C15H26O 222 3.02 2.71 95, 150, 222 

 

18 59.80 Terpinen-4-ol C10H18O 154 0.90 0.15 71, 93, 154 

 

19 56.99 Phytol C20H40O 296 2.40 2.00 43, 71, 296 

 

  

CONCLUSION 

Methanolic extract of B. vulgaris leaf houses a wide array of 

phytochemicals as revealed on the GC-MS chromatogram. These 

phytochemicals were responsible for the in vitro antioxidant effects of 

the plant. Methanol appeared the best solvent for optimal extraction of 

phytochemicals from the leaf of the plant. Although water and ethanol 

are also good alternatives. The type and relative abundance of the 

various phytochemicals present in the crude extract of the plant could 

justify the continuous use of the plant in folkloric medicine for the 

management of diseases.   

 

 

Acknowledgements 

The author acknowledged the Department of Medical Biochemistry, 

Ekiti State University, Ado Ekiti. 

Conflict of Interest 

None declared. 

Financial Support 

None declared. 

 



The Journal of Phytopharmacology 

 

 

322 

ORCID ID 

Ogunmoyole Temidayo: https://orcid.org/0000-0002-6185-0602 

REFERENCES 

1. Fabricant, D., Farnsworth, N. The value of plants used in traditional 
medicine for drug discovery. Environmental Health Perspectives. 

2001;109(1):69-75.  

2. Talib WH. Anticancer and antimicrobial potential of plant-derived 
natural products. Phytochemicals—Bioactivities and Impact on Health; 

Rasooli, I., Ed. 2011:141-58. 

3. Alviano DS, Alviano CS. Plant extracts: search for new alternatives to 
treat microbial diseases. Current pharmaceutical biotechnology. 

2009;10(1):106-21..  

4. Cheng JT. Drug therapy in Chinese traditional medicine. The Journal of 
Clinical Pharmacology. 2000;40(5):445-50.  

5. El-Shemy HA, Aboul-Enein AM, Aboul-Enein KM, Fujita K. Willow 

leaves' extracts contain anti-tumor agents effective against three cell 
types. Plos one. 2007;2(1):e178.  

6. De Souza GC, Haas AP, Von Poser GL, Schapoval EE, Elisabetsky E. 

Ethnopharmacological studies of antimicrobial remedies in the south of 
Brazil. Journal of ethnopharmacology. 2004;90(1):135-43.  

7. Gavamukulya Y, Abou-Elella F, Wamunyokoli F, AEl-Shemy H. 

Phytochemical screening, anti-oxidant activity and in vitro anticancer 
potential of ethanolic and water leaves extracts of Annona muricata 

(Graviola). Asian Pacific journal of tropical medicine. 2014;7:S355-63.  

8. Thirumal M, Kishore G, Prithika R, Das S, Nithya G. In vitro anticancer 
activity of Tecoma stans (L) ethanolic leaf extract on human breast 

cancer cell line (MCF-7). Intl. J. Pharma and Bio Sci. 2012;2(4):488-93.  

9. Gopalakrishnan K, Udayakumar R. GC-MS analysis of phytocompounds 
of leaf and stem of marsilea quadrifolia (L). Int J Biochem Res Rev. 

2014;4(6):517-26 

10. Patel DK. Plant as a source of medicine. Med Aromat Plants, 2015;S3:1. 
11. Mahomoodally MF. Traditional medicines in Africa: an appraisal of ten 

potent African medicinal plants. Evid Based Complementary Altern Med. 

2013;1:1–14 
12. Nisha K, Darshana M, Madhu G, Bhupendra MK. GC-MS analysis and 

anti-microbial activity of Psidium guajava (leaves) grown in Malva 

region of India. International Journal of Drug Development and 
Research. 2011;3(4):237-45. 

13. Starlin T, Prabha PS, Thayakumar BK, Gopalakrishnan VK. Screening 

and GC-MS profiling of ethanolic extract of Tylophora pauciflora. 
Bioinformation. 2019;15(6):425-29. 

14. Tiwari, D. N. Bamboo as poverty alleviator. Indian Forestry. 

1988;114:610-12. 
15. Chongtham N, Bisht MS, Haorongbam S. Nutritional properties of 

bamboo shoots: potential and prospects for utilization as a health food. 

Comprehensive Reviews in Food Science and Food Safety. 
2011;10(3):153-68. 

16. Nirmala C, Bisht MS. 10 WBC Reports: Bamboo: A prospective 

ingredient for functional food and nutraceuticals. Bamboo journal. 
2017(30):82-99. 

17. Park EJ, Jhon DY. Effects of bamboo shoot consumption on lipid profiles 

and bowel function in healthy young women. Nutrition. 2009;25(7-
8):723-8. 

18. Hu C, Zhang Y, Kitts DD. Evaluation of antioxidant and prooxidant 

activities of bamboo Phyllostachys nigra var. Henonis leaf extract in 

vitro. Journal of Agricultural and Food Chemistry. 2000;48(8):3170-76. 

19. Shi QT, Yang KS. Study on relationship between nutrients in bamboo 
shoots and human health. In Proceedings of the International Symposium 

on Industrial Use of Bamboo. International Tropical Timber Organization 

and Chinese Academy, Beijing, China: Bamboo and its Use. 1992:338-
46. 

20. Fujimura M, Ideguchi M, Minami Y, Watanabe K, Tadera K. Amino acid 

sequence and antimicrobial activity of chitin-binding peptides, Pp-AMP 
1 and Pp-AMP 2, from Japanese bamboo shoots (Phyllostachys 

pubescens). Bioscience, biotechnology, and biochemistry. 

2005;69(3):642-45. 
21. Akao Y, Seki N, Nakagawa Y, Yi H, Matsumoto K, Ito Y, et al. A highly 

bioactive lignophenol derivative from bamboo lignin exhibits a potent 

activity to suppress apoptosis induced by oxidative stress in human 
neuroblastoma SH-SY5Y cells. Bioorganic & medicinal chemistry. 

2004;12(18):4791-801. 

22. Mohanad JK, Azhar AS, Imad HH. Evaluation of anti-bacterial activity 
and bioactive chemical analysis of Ocimum basilicum using Fourier 

transform infrared (FT-IR) and gas chromatography-mass spectrometry 

(GC-MS) techniques. Journal of pharmacognosy and phytotherapy. 
2016;8(6):127-46. 

23. Mohammed GJ, Kadhim MJ, Hussein HM. Characterization of bioactive 

chemical compounds from Aspergillus terreus and evaluation of 

antibacterial and antifungal activity. International Journal of 

Pharmacognosy and Phytochemical Research. 2016;8(6):889-905 

24. Pierangeli GV, Windell LR. Antimicrobial activity and cytotoxicity of 
Chromolaena odorata (L. f.) King and Robinson and Uncaria perrottetii 

(A. Rich) Merr. Extracts. Journal of medicinal plants Research. 

2009;3(7):511-18. 
25. Uma G, Balasubramaniam V. GC-MS analysis of Nothapodytes 

nimmoniana, Mabberly leaves. J Chem Pharm. 2012;4(9):4417–4419 

26. Vyas GD. Soil fertility deterioration in crop land due to pesticide. Journal 
of the Indian Botanical Society. 1999;78(1-2):177-78. 

27. Kaushik JC, Sanjay A, Tripathi NN, Arya S. Antifungal properties of 

some plant extracts against the damping-off fungi of forest nurseries. 
Indian Journal of Forestry. 2002;25(3-4):359-61. 

28. Chaman L, Verma LR. Use of certain bio-products for insect-pest 

control. Indian Journal of Traditional Knowledge. 2006;5(1):79- 82. 
29. De Fátima A, Modolo LV, Conegero LS, Pilli RA, Ferreira CV, Kohn 

LK, et al. Styryl lactones and their derivatives: biological activities, 

mechanisms of action and potential leads for drug design. Current 
medicinal chemistry. 2006;13(28):3371-84. 

30. Milne A. Inhalational and local anesthetics reduce tactile and thermal 

responses in Mimosa pudica linn. Masui. 1993:1190-3. 
31. Marston A. Role of advances in chromatographic techniques in 

phytochemistry. Phytochemistry. 2007;68(22-24):2786-98. 

32. Singleton VL, Orthofer R, Lamuela-Raventós RM. [14] Analysis of total 
phenols and other oxidation substrates and antioxidants by means of 

folin-ciocalteu reagent. InMethods in enzymology. 1999;(299):152-78. 

33. Meda A, Lamien CE, Romito M, Millogo J, Nacoulma OG. 
Determination of the total phenolic, flavonoid and proline contents in 

Burkina Fasan honey, as well as their radical scavenging activity. Food 

chemistry. 2005;91(3):571-7. 
34. Marcocci L, Maguire JJ, Droylefaix MT, Packer L. The nitric oxide-

scavenging properties of Ginkgo biloba extract EGb 761. Biochemical 

and biophysical research communications. 1994 Jun 15;201(2):748-55. 
35. Awah FM, Uzoegwu PN, Oyugi JO, Rutherford J, Ifeonu P, Yao XJ, et 

al. Free radical scavenging activity and immunomodulatory effect of 

Stachytarpheta angustifolia leaf extract. Food Chemistry. 
2010;119(4):1409-16. 

36. Pulido R, Bravo L, Saura-Calixto F. Antioxidant activity of dietary 

polyphenols as determined by a modified ferric reducing/antioxidant 
power assay. Journal of agricultural and food chemistry. 

2000;48(8):3396-402. 
37. Senguttuvan J, Paulsamy S, Karthika K. Phytochemical analysis and 

evaluation of leaf and root parts of the medicinal herb, Hypochaeris 

radicata L. for in vitro antioxidant activities. Asian Pacific journal of 
tropical biomedicine. 2014;4:S359-67. 

38. Ullah I, Wakeel A, Shinwari ZK, Jan SA, Khalil AT, Ali M, et al. 

Antibacterial and antifungal activity of Isatis tinctoria L. (Brassicaceae) 
using the micro-plate method. Pak. J. Bot. 2017;49(5):1949-57. 

39. Chekroun-Bechlaghem N, Belyagoubi-Benhammou N, Belyagoubi L, 

Gismondi A, Nanni V, Di Marco G, et al. Phytochemical analysis and 
antioxidant activity of Tamarix africana, Arthrocnemum macrostachyum 

and Suaeda fruticosa, three halophyte species from Algeria. Plant 

Biosystems-An International Journal Dealing with all Aspects of Plant 
Biology. 2019;153(6):843-52. 

40. Do QD, Angkawijaya AE, Tran-Nguyen PL, Huynh LH, Soetaredjo FE, 

Ismadji S. et al. Effect of extraction solvent on total phenol content, total 

flavonoid content, and antioxidant activity of Limnophila aromatica. 

Journal of Food and Drug Analysis. 2014;22:296302.  

41. Rafińska K, Pomastowski P, Rudnicka J, Krakowska A, Maruśka A, 
Narkute M, et al. Effect of solvent and extraction technique on 

composition and biological activity of Lepidium sativum extracts. Food 

chemistry. 2019;289:16-25. 
42. Ogunmoyole T, Adeyeye RI, Olatilu BO, Akande OA, Agunbiade OJ. 

Multiple organ toxicity of Datura stramonium seed extracts. Toxicology 

reports. 2019;6:983-89. 
43. Ali G, Hawa ZJ, Asmah R. Effects of solvent type on phenolics and 

flavonoids content and antioxidant activities in two varieties of young 

ginger (Zingiber officinale Roscoe) extracts. Journal of Medicinal Plants 
Research. 2011;5(7):1147-54. 

44. Atik FA, Mohammedi ZO. Impact of solvent extraction type on total 

polyphenols content and biological activity from Tamarix aphylla (L.) 
Karst. Int J Pharma Bio Sci. 2011;2(1):609-15. 

45. Barchan A, Bakkali M, Arakrak A, Pagán R, Laglaoui A. The effects of 

solvents polarity on the phenolic contents and antioxidant activity of 
three Mentha species extracts. Int J Curr Microbiol App Sci. 

2014;3(11):399-412. 

46. Iloki-Assanga SB, Lewis-Luján LM, Lara-Espinoza CL, Gil-Salido AA, 
Fernandez-Angulo D, Rubio-Pino JL, et al. Solvent effects on 



The Journal of Phytopharmacology 

 

 

323 

phytochemical constituent profiles and antioxidant activities, using four 

different extraction formulations for analysis of Bucida buceras L. and 

Phoradendron californicum. BMC research notes. 2015;8(1):1-4. 

47. Chizzola R, Michitsch H, Franz C. Antioxidative properties of Thymus 

vulgaris leaves: comparison of different extracts and essential oil 
chemotypes. Journal of agricultural and food chemistry. 

2008;56(16):6897-904. 

48. Sarikurkcu C, Tepe B, Daferera D, Polissiou M, Harmandar M. Studies 
on the antioxidant activity of the essential oil and methanol extract of 

Marrubium globosum subsp. globosum (lamiaceae) by three different 

chemical assays. Bioresource Technology. 2008;99(10):4239-46. 
49. Mouna BF, Ahmed L, Rym C-H, Jose AS, María JJ. Characterization and 

quantification of phenolic compounds and antioxidant properties of 

Salvia species growing in different habitats. Ind Crop Prod. 2013;49:904-
14. 

50. Belaqziz R, Harrak R, Romane A, Oufdou K, ElFels MA. Antimicrobial 

and insecticidal activities of the endemic Thymus broussonetti Boiss. and 
Thymus maroccanus Ball. Records of Natural Products. 2010;4(4):230. 

51. Ogunmoyole T, Ola-Awe AM, Fatile OG. Ethanolic extract of Mucuna 

pruriens leaves ameliorates carbon tetrachloride and rifampicin-induced 
hepatotoxicity and nephrotoxicity in wistar albino rat. BMC 

Complementary Medicine and Therapies. 2021;21(1):1-1. 

52. Inoue Y, Hada T, Shiraishi A, Hirose K, Hamashima H, Kobayashi S, et 
al. Biphasic effects of geranylgeraniol, teprenone, and phytol on the 

growth of Staphylococcus aureus. Antimicrobial Agents and 

Chemotherapy. 2005;49(5):1770-4. 
53. Arnhold T, Elmazar MM, Nau H. Prevention of vitamin A teratogenesis 

by phytol or phytanic acid results from reduced metabolism of retinol to 

the teratogenic metabolite, all-trans-retinoic acid. Toxicological Sciences. 
2002;66(2):274-82. 

54. Guimarães AG, Oliveira GF, Melo MS, Cavalcanti SC, Antoniolli AR, 

Bonjardim LR, et al. Bioassay‐guided evaluation of antioxidant and 
antinociceptive activities of carvacrol. Basic & clinical pharmacology & 

toxicology. 2010;107(6):949-57. 

55. Lima RK, Cardoso MG. Fam´ılia Lamiaceae: importantes ´oleos 
essenciais comac¸˜ao biol´ogica e antioxidante. Fitos. 2007;3:14-24. 

56. Adams RP, Turuspekov Y. Taxonomic reassessment of some Central 

Asian and Himalayan scale‐leaved taxa of Juniperus (Cupressaceae) 
supported by random amplification of polymorphic DNA. Taxon. 

1998;47(1):75-83. 

57. Ivashchenko AA, Levchenko RA, Zhaparova NK. The Red Book of 
Kazakhstan (Plants); ArtPrintXXI LLP: Astana, Kazakhstan, 2014. 

58. Pavlov NV. Flora of Kazakhstan; Nauka: Alma-Ata, USSR. 1956:71-76. 
59. Abdulina SA. Checklist of Vascular Plants of Kazakhstan; Academy of 

Sciences: Almaty, Kazakhstan, 1999. 

60. Kotukhov YA, Danilova AN, Anufrieva OA. State of populations of 
Daurian juniper (Juniperus davurica Pall.) in East Kazakhstan. Bot. Res. 

Sib. Kazakhstan. 2019;15:143-47. 

61. Ivashchenko AA, Kotukhov YA, Utebekov KI. Flora of the forest belt of 
the Chindagatui mountain range (Flora lesnogo poyasa 

Chindagatuyskogo gornogo massiva). Bot. Res. Sib. Kazakhstan. 

2014;20:250-64. 
62. Ivashchenko AA. Materials to the flora of the Ile-Alatau National Park: 

Higher sporous and gymnosperms. KazNU Bull. Biol. Ser. 2015;24:28-

35. 
63. Chang KF, Huang XF, Chang JT, Huang YC, Weng JC, Tsai NM, et al. 

Cedrol suppresses glioblastoma progression by triggering DNA damage 

and blocking nuclear translocation of the androgen receptor. Cancer 

Letters. 20208;495:180-90.  

64. Zhang SY, Li XB, Hou SG, Sun Y, Shi YR, Lin SS, et al. Cedrol induces 

autophagy and apoptotic cell death in A549 non-small cell lung 
carcinoma cells through the P13K/Akt signaling pathway, the loss of 

mitochondrial transmembrane potential and the generation of ROS. 

International Journal of Molecular Medicine. 2016;38(1):291-9. 
65. Mishra SK, Bae YS, Lee YM, Kim JS, Oh SH, Kim HM. Sesquiterpene 

alcohol cedrol chemosensitizes human cancer cells and suppresses cell 

proliferation by destabilizing plasma membrane lipid rafts. Frontiers in 
cell and developmental biology. 2021;8:571676. 

66. Du X, Finn CE, Qian MC. Bound volatile precursors in genotypes in the 

pedigree of ‘Marion’blackberry (Rubus sp.). Journal of Agricultural and 
Food Chemistry. 2010;58(6):3694-9. 

67. Elezabeth VD, Arumugam S. GC-MS analysis of ethanol extract of 

Cyperus rotundus leaves. International Journal of Current Biotechnology. 
2014;2(1):19-23. 

68. Dandekar R, Fegade B, Bhaskar VH. GC-MS analysis of 

phytoconstituents in alcohol extract of Epiphyllum oxypetalum leaves. 
Journal of pharmacognosy and phytochemistry. 2015;4(1):149-54. 

69. Tsai PJ, Tsai TH, Yu CH, Ho SC. Evaluation of NO-suppressing activity 

of several Mediterranean culinary spices. Food and chemical Toxicology. 
2007 Mar 1;45(3):440-47. 

70. Amaeze OU, Ayoola GA, Sofidiya MO, Adepoju-Bello AA, Adegoke 

AO, Coker HA. Evaluation of antioxidant activity of Tetracarpidium 

conophorum (Müll. Arg) Hutch & Dalziel leaves. Oxidative medicine 

and cellular longevity. 2011 Sep 6;2011. 

71. Bhaskar H, Balakrishnan N. In vitro antioxidant property of laticiferous 
plant species from western ghats Tamilnadu, India. International journal 

of health research. 2009;2(2):163-70. 

72. Lakhanpal P, Rai DK. Quercetin: a versatile flavonoid. Internet Journal 
of Medical Update. 2007;2(2):22-37. 

73. Patel VR, Patel PR, Kajal SS. Antioxidant activity of some selected 

medicinal plants in western region of India. Advances in Biological 
research. 2010;4(1):23-6. 

74. Ebrahimzadeh MA, Nabavi SM, Nabavi SF, Bahramian F, Bekhradnia 

AR. Antioxidant and free radical scavenging activity of H. officinalis L. 
var. angustifolius, V. odorata, B. hyrcana and C. speciosum. Pak J Pharm 

Sci. 2010;23(1):29-34. 

75. Ogunmoyole T, Rocha JB, Okoronkwo AE, Kade IJ. Altered pH 
homeostasis modulates the glutathione peroxidase mimics and other 

antioxidant properties of diphenyl diselenide. Chemico-biological 

interactions. 2009;182(2-3):106-11. 

 

 

HOW TO CITE THIS ARTICLE 

Ogunmoyole T. Bambusa vulgaris leaf extracts contain myriad of bioactive 

phytochemicals: a possible attestation of its medicinal relevance. J Phytopharmacol 

2022; 11(5):315-323. doi: 10.31254/phyto.2022.11501 

Creative Commons (CC) License- 

This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY 4.0) license. This license permits unrestricted 

use, distribution, and reproduction in any medium, provided the original author and 

source are credited. (http://creativecommons.org/licenses/by/4.0/). 


