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Abstract: Phospholipids liposomes were employed to access the extent of Iron [Fe(II)] induced lipid 

peroxidation. Our data indicate that Fe(II) caused a significant increase in malondialdehyde (MDA) 

formation, a lipid peroxidation product. Ethanolic extract of Piper Nigrum (PN) significantly inhibited 

lipid peroxidation at the highest tested concentrations. The plant with three different extracts (aqueous, 

ethanolic, and ethyl acetate)was tested for its nutritional value, and a higher amount of carbohydrates 

(42.66%), fibers (20.96 %), and proteins (14.38 %) were recorded. The mineral content evaluated by 

atomic absorption spectrophotometry (AAS) showed Ca (30.400 mg/L), Mg (10.475 mg/L), and Mn 

(2.391 mg/L) in higher concentrations.  Quantitative gas chromatographic analysis coupled with a mass 

spectrometer (GCMS) was used to explore the characteristic biochemical compounds, which confirmed 

the presence of twenty-four (24) active constituents. D-Limonene (18.59%) was present in higher 

concentrations, followed by beta-pinene (17.98%), alpha-pinene (12.85%), and caryophyllene (9.91%). 

Plant extracts and essential oil were further tested against six (6) gram-negative, three (3) gram-positive, 

and a fungal strain by disc diffusion method. The presence of active compounds in essential oil and 

crude extracts may be responsible for observed pharmacological efficacies of PN and can be considered 

as a nutraceutical for the treatment of oxidative stress-related and pathogenic diseases. 
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1. Introduction 

The uses of natural products obtained from plant origin have been known for thousands 

of years because of their safe mode of action and negligible adverse side effects as compared 

with synthetic drugs. Modern scientific research has proved the presence of essential bioactive 

components in medicinal plants. These chemical bio-active constituents of plants are 

responsible for their therapeutic activity against many diseases and produce a definite 

physiological action on the human body[1]. Many plant-derived molecules account for 

excellent activities in the prevention of diseases [2]. Literature has demonstrated that medicinal 

plants and spices are extensively used in agricultural production and pharmaceutical industries. 

Special attention has been paid to the properties of spices in recent years, as they are believed 

to be known for their medicinal and preservative value [3]. 

The pepper family (Piperacae) shows great efficacy and potential in various 

pathological models [4]. PN (black pepper) belongs to Piperacae, is a monoecious or decorous 

vine cultivated for its fruit in South East Asia and tropical regions and usually used as a spice 
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and seasoning additive. Certain chemical constituents in the essential oil of PN impart it 

characteristic pepper aroma and flavor.  The predominant bioactive constituents of PN are 

piperine, (-)-kusunokinin, piperolein B, piperlonguminine, piperamide etc.[5]. Literature has 

reported anti-carcinogenic [6], antimicrobial [7], antioxidant [8], larvicidal [9] , anti-glycation 

[10] properties of the stated plant. The essential oils obtained from  PN acts as protective agents 

against oxidative stress [11]. The herb and seeds have been used to treat asthma, chronic 

indigestion, colon toxins, obesity, sinus, congestion, and fever [12], intermittent fever, cold 

extremities, colic, gastric ailments, and diarrhea [13]. Piperine, an alkaloid of black pepper, is 

present in fairly large amounts (3-8gm/100gm) and mainly responsible for its pungent character 

[14]. Similarly, absorption of certain vitamins, selenium, and β-carotene is efficiently increased 

by piperine. PN has also been reported to possess anti-inflammatory, anti-malarial, anti-

leukemia, and potent antitussive properties [15, 16] [17]. 

However, there is still a scarcity of in vitro data in the literature about the antioxidant 

activity of PN in a pure chemical model system and antimicrobial efficacies of their fruits. 

Lipid peroxidation is usually measured in rat’s tissue homogenate, but there are various 

artifacts associated with the use of pure tissue homogenate, i.e., interference of protein 

oxidation and certain DNA damage products. For this purpose, a rich lipid source i.e., 

phospholipids extract from egg yolk, was used in the present study. We tried to explore whether 

the PN fruit extract could protect against iron [Fe(II)] induced lipid peroxidation.  The 

antimicrobial activity of ethyl acetate, ethanolic, and water extract of PN fruit against fungal, 

gram-positive, and gram-negative bacterial strains was also evaluated. Since PN has been 

traditionally used in pharmaceutical preparation as raw material, and its fruit is utilized as food; 

therefore potent therapeutic agents may be developed by biological investigation of this 

interesting plant. A detailed systematic approach towards the presence of various active 

phytoconstituents and the approximate chemical composition of PN, was also reported. For the 

identification of various active components of PN, its essential oil was characterized by GCMS 

analysis. The elemental contents were analyzed by atomic absorption spectrophotometer. 

2. Materials and Methods 

2.1. Chemicals. 

Ethyl alcohol, ethyl acetate, hexane, dimethyl sulfoxide (DMSO), chloroform, H2SO4, 

NaOH, FeCl3, CuSO4, K2SO4, and other reagents used were of analytical grade and obtained 

from a standard supplier and further verified by the Pakistan Council of Scientific and 

Industrial Research (PCSIR) laboratories complex Peshawar, Pakistan. 

2.2. Approximate analysis. 

Standard methods, according to the Association of Official Analytical Chemists [18], 

were used for the determination of ash, moisture, crude fat, crude fiber, and carbohydrate, while 

proteins were determined by Kjeldahl method [19]. 

2.3. Phytochemical screening. 

A powdered sample (200 gm) of PN was taken in three separate conical flasks and 

extracted with ethyl acetate, ethanol, and water, respectively. The flasks were kept on a water 

bath for 5-6 hours and shaken at intervals. The solution was filtered, and the filtrate was 
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concentrated to dryness under reduced pressure at 90oC on a rotary vacuum evaporator. The 

respective extracts were transferred to vials and used for further investigation. Standard 

procedures for the identification of secondary metabolites were used [20, 21]. 

2.4. Mineral analysis. 

The quantitative estimation of macro (Ca, Mg) and micro minerals (Cu, Fe, Zn, Cr, Ni, 

Mn) was analyzed by atomic absorption spectrophotometry (AAS) by the method of [22]. 

2.5. Phospholipids extraction and TBARS production. 

Production of TBARS from phospholipids was determined using the method of [23] 

with certain modifications.  

2.6. Antimicrobial activities. 

Antimicrobial activities were investigated by using the standard procedure of [24]. 

Briefly, 0.2-0.5g of the three extracts (ethyl acetate, ethanol, water) were dissolved separately 

in weight dependant calculated DMSO concentration; hexane was used for dissolving essential 

oil. The extracts were then used for the antimicrobial assay. 

2.6.1. Test microorganisms. 

The pathogens tested in our study were: Agrobacterium tumefaciens, Erwinia 

carotovora, Eschericia coli, Klebsiella pneumoniae, Salmonellatyphi, 

Pneumococcusauroginosa, Bacillus atrophoeus, Bacillus subtillus, Staphylococcus aureus, 

and Candida albicans (fungus). All the strains were obtained from PCSIR laboratories complex 

Peshawar.  

DMSO and hexane used for making stock solutions were used as a negative control, 

while standard antibiotics such as ciprofloxacin, azithromycin, and clotrimazole were applied 

as positive controls or reference standards against gram-negative, gram-positive bacterial, and 

fungal strain, respectively. 

2.7. GC-MS analysis. 

GC-MS analysis was performed following the standard method used by [25] with 

certain changes. The essential oil was extracted by using Dean Stark’s apparatus. About 715g 

of a coarsely powdered sample of PN was taken in the distillation flask, filled 2/3rd with 

distilled H2O, placed on a water bath, and heated. The volatile components were evaporated 

with water vapors and condensed back via the condenser attached to the distillation flask. The 

essential oil layer, having low density, was accumulated over water, which was subsequently 

separated and dried by adding anhydrous sodium sulfate (Na2SO4). The solution was then 

filtered and employed for GC-MS analysis.  

The data regarding percentage composition, peak area, and retention time was obtained 

by comparing the obtained mass spectrum to the standard mass spectra from the National 

Institute Standard and Technology (NIST 05) library. 
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3. Results and Discussion 

The extractive yields with ethyl acetate, ethanol, and distilled water are found to be 

(4.45%), (4.25%) and (2.15 %) respectively, and presented in Table 1. The approximate 

analysis revealed carbohydrates (42.66 %) in the highest amount, followed by crude fiber 

(20.96%) and proteins (14.38%), while crude fat, ash, and moisture values were recorded as 

(6.39%), (4.18%) and (11.43%) respectively as shown in Table 2. Further analysis of ash for 

macro and micronutrient content, using AAS showed that Ca (30.400mg/L), Mg (10.475mg/L) 

and Mn (2.391mg/L) were present in highest concentration followed by Zn (0.637mg/L), Fe 

(0.620mg/L), Ni (0.261mg/L), Cr (0.140mg/L) and Cu (0.152mg/L) (Table 3). Preliminary 

phytochemical screening of PN was carried out using different solvent extractions. (Table 4). 

Our data indicated the presence of alkaloids, terpenoids, steroids, glycosides, and flavonoids 

in all three (ethyl acetate, ethanol, and water) solvent extracts, while a negative result for 

tannins was reported with ethyl acetate and alcohol extracts. One-way ANOVA of 

phospholipids TBARS production revealed a significant main effect of Fe(II). Fig.1 indicated 

that Fe(II) caused a significant increase in TBARS production, and PN inhibited lipid 

peroxidation at the highest tested concentrations. Antimicrobial activities of the extracts and 

essential oil on test microorganisms are presented in Table 6. Our results revealed that essential 

oil exhibited considerable inhibitory effects against all the tested organisms. The maximum 

zones of inhibition (ZI) for essential oil at 2mg/mL concentration were recorded against 

A.tumefaciens (25mm), followed by C.albicans (21mm), E.carotovora (16mm) and with equal 

activity against E.coli (14mm) and S.typhi (14mm). Aqueous extract displayed maximum zone 

of inhibition against S.typhi (15mm), followed by B.atrophoeus (14mm), K.pneumoniae 

(13mm), and C.albicans (12mm). Ethanolic extract was most effective against B.atrophoeus 

(ZI=13mm) and S.Aureus (ZI=12mm). No antibacterial activity (for ethanolic extract) was 

observed at both tested concentrations (1mg/mL & 2mg/mL) against E.carotovora, E.coli, K 

pneumoniae, S.typhi and B. subtilis. Ethyl acetate extract showed maximum activity against B. 

subtilis and B. atrophoeus each (ZI=16mm). While, an inhibition zone of 13mm was recorded 

for E.carotovora, K.pneumoniae, P. aeruginosa, and C.albicans. GCMS analysis of essential 

oil showed 24 constituents in the local variety of PN.  Furthermore, essential oil was rich in D-

limonene (18.59%), beta-pinene (17.98%), alpha-pinene (12.85%), caryophyllene (9.91%), 3-

carene (8.51%) and tricyclo[2.2.1.0(2,6)] heptane,1,3,3-trimethyl (8.51%)  while o-cymene, p-

cymene-3-ol ,beta-myrcene, alpha-caryophyllene, bicyclo [3.1.0]hexane,4-methylene-1-(1-

methylethyl), gamma-terpinen  and copaene  comprise approximately 20% of the essential oil 

as shown in Table 5. 

Table 1. Percentage (%) yield of extracts of Piper Nigrum. 

Ethyl acetate (%) Ethyl alcohol (%) Water (%) Essential oil ( %) 

4.45 4.25 2.15 1.25 

 

Table 2. Percentage yields of the chemical composition of Piper nigrum. 

Ash value 

(%) 

Moisture 

Content (%) 

Essential Oil 

(%) 
Crude fats (%) 

Crude Fibers 

(%) 
Carbohydrate (%) 

Protein 

(%) 

4.18 11.43 1.25 6.39 20.96 42.66 14.38 

 

Table 3. Metallic screening of Piper nigrum. 

S.no Analyte Wavelength (nm) Mean (mg/L) Std. Dev % RSD 

1. Manganese 279.5 2.391 0.0439 1.83 

2. Chromium 357.9 0.140 0.0081 5.77 

3. Iron  248.3 0.620 0.0182 2.93 
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S.no Analyte Wavelength (nm) Mean (mg/L) Std. Dev % RSD 

4. Nickel 232.0 0.261 0.0352 13.49 

5. Zinc 213.9 0.637 0.0099 1.55 

6 Copper 324.8 0.152 0.0106 7.00 

7. Magnesium 285.4 10.475 0.0004 0.10 

8. Calcium 422.7 30.400 0.0643 5.29 

Std.Dev= Standard deviation RSD= Relative standard deviation 

Table. 4. Phytochemical screening results of Piper Nigrum. 

S.No Phytochemical constituents Solvent Result 

1 Alkaloids E.A + 

E.OH + 

H2O + 

2 Glycosides E.A + 

E.OH + 

H2O + 

3 Terpenoids E.A + 

E.OH +++ 

H2O +++ 

4 Steroids E.A + 

E.OH ++ 

H2O ++ 

5 Tannins E.A _ 

E.OH _ 

H2O + 

6 Flavonoids E.A + 

E.OH + 

H2O + 

(+++) =high amount, (++) = moderate amount, (+) = low amount 

Table 5. GCMS values of volatile oil components of Piper nigrum. 

S. no Name Structure R.Time Area Conc. (%) 

1 Alpha-phallendrene 

 

9.620 15058 0.46 

2 Alpha-pinene 

 

9.960 422409 12.85 

3 Camphene 

 

10.791 7359 0.22 

4 
Bicyclo[3.1.0]hexane, 

4-methylene-1-(1-methyl) 
 

12.145 64311 1.96 

5 Beta.-pinene 

 

12.372 591187 17.98 

6 Beta.-myrcene 
 

13.250 114975 3.50 

7 
Tricyclo[2.2.1.0(2,6)] 

Heptane,1,3,3-trimethyl 

 

14.152 279658 8.51 

8 3-carene 

 

14.152 279658 8.51 
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S. no Name Structure R.Time Area Conc. (%) 

9 Alpha.-terpinen 

 

14.789 3552 0.11 

10 O-cymene 

 

15.306 177513 5.40 

11 D-limonene 

 

15.616 611210 18.59 

12 Gamma.-terpinen 

 

17.458 55108 1.68 

13 P-mentha-1,4(8)-diene 

 

19.211 24398 0.74 

14 Beta.-linalool 

 

20.454 10267 0.31 

15 P-cymene-3-ol 

 

32.515 144677 4.40 

16 Alpha.-cubebene 

 

34.989 2798 0.09 

17 Copaene 

 

36.333 38097 1.16 

18 
Cyclohexane-2,4- 

Diisopropenyl-1 

 

37.056 11206 0.34 
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S. no Name Structure R.Time Area Conc. (%) 

19 Caryophyllene 

 

38.407 325767 9.91 

20 
Alpha.- 

Caryophyllene 

 

39.953 67459 2.05 

21 
Cis-(-)-2,4a,5,6,9a- 

Hexahydro-3,5,5,9-tetramethyl 

 

41.427 8720 0.27 

22 Germacrene d 

 

41.094 13797 0.42 

23 
Eudesma-4(14) 

-11-diene 

 

41.427 11612 0.35 

24 Caryophyllene oxide 

 

45.275 6708 0.20 

 
Figure 1. Effect of Piper nigrum on Fe(II)-induced (20 µM) TBARS production in phospholipids extract from 

egg yolk. The values are expressed as nmol of MDA per gram of substrate. Data are expressed as means ± 

S.E.M. (n = 5–7).  Asteric/s shows main effect of Fe(II) at p < 0.05 while different letter denotes significant 

difference from control group. 
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Table 6. Antimicrobial activities of Piper nigrum. 

Strains 

Zone of inhibition in mm 

E.A Et. Aq. E.O 
PC 

50ug/6uL 
NC 

1mg/6uL 2mg/6uL 1mg/uL 2mg/6uL 1mg/6uL 2mg/6uL 1mg/6uL 2mg/6uL 

Ciprofloxacin DMSO*/hexane* 
 

Gram-negative bacterial strains 

 

A.Tumefaciens ND ND 9 10 ND ND 22 25 25 0 

E.Carotovora 12 13 ND ND 9 10 16 16 17 0 

E. Coli 10 12 ND ND 8 10 13 14 37 0 

K.Pneumoniae 10 13 ND ND 10 13 7 11 29 0 

P. Aeruginosaa 13 13 10 11 7 10 7 10 32 0 

S.Typhi ND ND ND ND 12 15 10 14 23 0 

 

Gram-positive bacterial strains 

 

Azithromycin  

B.Atrophoeus 11 16 11 13 11 14 7 10 27 0 

B.Subtilis 12 16 ND ND 8 10 9 9 23 0 

S. Aureus 10 10 8 12 ND ND 11 11 21 0 

 

Fungal strain 

 

Clotrimazole  

C.Albicans 13 13 9 11 9 12 15 21 32 0 
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3.1. Discussion. 

Medicinal herbs and spices contain a large number of bioactive compounds. Their 

isolation from plant material largely depends on the type of solvent used in the extraction 

procedure. In the present study, the aqueous extract showed less extractive yield as compared 

to ethyl acetate and ethanolic extracts; this may be due to the presence of a lesser amount of 

water-soluble components [26], while most of the phytochemicals being organic in nature were 

soluble in organic solvents. However, our results proposed that a higher extractive yield does 

not always account for higher biological activity. The experimental data obtained from 

antimicrobial activities of various extracts against pathogenic microbes demonstrated the 

higher potential of aqueous and essential oil extracts, despite their low extractive yields 

(2.15%) and (1.25%) respectively than ethanolic (4.25%) and ethyl acetate (4.45%) extracts. It 

can be hypothesized that bio-active components essentially account for biological activities, 

not the amount of extract obtained after extraction with a particular solvent. Moreover, the 

synergic effects of one compound may enhance or mask the other's activity, irrespective of the 

extractive yield. 

The proximate analysis evaluated the nutritional profile of PN fruits, indicating its 

carbohydrate-rich (42.66%) constitution, thus supporting the high energy value of PN. The 

presence of dietary fibers makes it a valuable spice, and it is used in the treatment of obesity, 

gastrointestinal diseases, diabetes, and cancer [27]. The reported moisture content (11.4%) was 

found in the optimum range (5-14%) necessary for the maintenance of spices, which further 

aids to its nutritional worth [28]. 

The ash obtained was subjected to detail elemental analysis to get an idea about the 

presence of both toxic metals and micro or macronutrients. The AAS revealed that Ca 

(30.400mg/L) and Mg (10.475mg/L) are present in the highest concentrations, which has been 

found to play important roles in the functioning of heart muscles, blood coagulation, 

maintenance of cell permeability [29], and in the prevention of heart diseases [30], respectively. 

The concentrations of Cu, Cr, and Ni in the present approach are analogous with previous 

results [31]. To explore the presence of biologically important secondary metabolites, a 

qualitative study was designed that revealed the presence of alkaloids, terpenoids, steroids, 

flavonoids, and glycosides in both organic and aqueous extracts, which are in accordance with 

the study of [32]. Conversely, tannins were detected in our study. 

Phytochemical qualitative analysis is not a reliable technology and is only used for the 

apparent biological metabolites present in the extract. Therefore, we focused on a more reliable 

and precise GCMS technique to identify the studied plant oil's exact chemical constituents.  

The GCMS analysis revealed that the essential oil of PN is a complex mixture of various 

biologically active compounds, many of which are present in small amounts. We identified 24 

volatile components in our sample. While recent studies by [14] showed the presence of 14 and 

18 components in their plant samples collected from two different geographic areas [14]. The 

concentration of caryophyllene (9.91%) was in the optimum range in the present study since it 

has been identified as a major component in literature [14]. Some of these chemical constituents 

like D-limonene, pinene, and caryophyllene, are reported for their strong chemopreventive, 

immunomodulatory, anti-inflammatory, antiatherosclerotic, antioxidant, local anesthetic, and 

antimicrobial activities. Alpha and beta-pinene are known to possess significant potential to 

inhibit some infectious microbes' cellular growth and capability [33, 34, 35, 36, 37]. 

Interestingly, approximately 250 volatile components have been identified in PN oil from 
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diverse geographical origins, demonstrating a diverse array of therapeutic potentials. [38, 

39].One of the limitations of our study is that we did not work with pure or isolated compounds 

from the tested extracts. However, based on the quantitative abundance of the constituents in 

the present study, it is plausible to assume that the observed antioxidant (Fig.1) and 

antimicrobial (Table 6) activities could be attributed to these compounds. 

The in vitro system (phospholipids extract) has been used to characterize the 

antioxidant activity of a variety of synthetic and natural products [40, 41]. Our data (Fig.1) 

shows that Fe (II) caused a significant increase in TBARS production, and PN inhibited lipid 

peroxidation at the highest tested concentrations. The antioxidant activity could be due to the 

presence of phenolic and flavonoids contents in the extract. 

It is important to note that TBARS method has some limitations, such as the detection 

of products that are not derived from lipid peroxidation. Similarly, high temperature may cause 

the artefactual formation of lipid peroxidation products during color development. Data from 

our laboratory [42] has investigated and recently compared Ohkawa’s colorimetric method 

with a high-performance liquid chromatographic (HPLC) analysis. We observed that there was 

no significant difference between the two methods. The color in homogenates by the TBA 

reaction method was directly proportional to the specific adduct of MDA-TBA (which can only 

be derived from lipid peroxidation) in the HPLC method. The presence of SDS in the color 

reaction medium protects the artefactual increase in TBARS formation. There is also 

considerable literature that used the TBARS method; for example, TBARS formation is 

dependent on free iron, i.e., iron chelators blunt TBARS formation, factors that release iron 

from proteins increase TBARS production (for instance, pH) [43]. Consequently, although part 

of the observed TBARS production cannot be attributed to lipid peroxidation, a great 

proportion of the TBARS determined in our assay is derived from MDA (a product of 

unsaturated free fatty acid oxidation and decomposition). 

The antimicrobial data suggested the effectiveness of aqueous extract over organic 

extracts, which may be attributed to the solubility of therapeutic components in water; hence 

we concluded that the presence of tannins in water extract probably explains its exhibition of 

better antimicrobial potential. Our findings are in strong contrast to [44], who reported the 

promising antimicrobial activities of ethanolic extract, while we did not observe remarkable 

activities of ethanolic extract. The true mechanism of antimicrobial activity is unknown, [45] 

but the well-known hypothesis about antimicrobial action involves the binding ability of 

phenolic compounds to membrane proteins, which cause partition in the lipid bilayer followed 

by increased fluidity as a result of the electron transport systems and cell wall destructruction 

occurred [46]. The fungicidal activity has been explained as the plants produce certain lytic 

enzymes that are responsible for the breakage of the fungal cell wall [47]. 

The antimicrobial activities of all the extracts were compared with the standard 

antibiotics. The essential oil and aqueous extracts showed considerable activities compared to 

the used antibiotics, suggesting a broad antimicrobial spectrum of PN. 

4. Conclusions 

 We have proved from a diverse experimental study the rich nutritional aspects of PN, 

which serve as a useful source of important energy molecules. Being a common dietary spice, 

the investigation of basal concentration of various toxic metals was performed, and it can be 

concluded that the local variety of PN does not contain any toxic metal in higher concentrations, 

i.e., above permissible levels, thus evaluating its safety index. The secondary metabolites and 
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essential oil of the studied PN showed significant potentials as antioxidant and antimicrobial 

agents. It can be hypothesized from the present study that local variety of PN can be useful 

individually and/or in synergism with standard antibiotics to combat various pathogenic 

infectious diseases and may also be proved beneficial for the treatment of oxidative stress-

related pathologies situations. Furthermore, advanced research and detailed investigations are 

needed to isolate these compounds in pure form as they can be the potential lead sources for 

formulations of new antimicrobial therapeutic agents. 
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