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ABSTRACT
Crude and fractionated essential oils from the seed of Pinus sylvestris were analysed by 
gas chromatography-mass spectrometry (GC-MS) and was evaluated for their synergistic 
and antagonistic medicinal activities against E.coli, Klebsiella pneumonia and Bacillus cereus. 
Column Chromatographic revealed that highest yield was obtained from fraction P1. The 
GC-MS analysis revealed major chemical constituents like isoborneol, Fenchol, δ-terpineol, 
Terpine-1-ol and Diisooctyl phthalate across the samples. The phytochemicals obtained 
showed the present of alkaloids, phenolic acid, tannin, saponin, flavonoids, terpenoids and 
cardiac glycosides in all the samples except alkaloids that was absent in the crude essential 
oil. The values for antioxidant and the ABTS activities varied across the samples with fraction 
P3 having the lowest IC

50
 value in both assays. For the α-amylase assay, least value was 

recorded for fraction P2 while for α-glucosidase assay, fraction P4 recorded the least value. 
The crude essential oil with a MIC value of 6.20 mg/mL was most effective against E.coli, 
while fractions P1, P2 and P4 and the crude essential oil were most effective against K. 
pneumonia, and fraction P2 was most effective against B. cereus. All the fractions and crude 
essential oil showed antioxidant, antidiabetic, and antibacterial activities, the activities of 
the crude essential oil were synergic only in relation to antibacterial activity on E.coli, while 
all the fractions proved the antagonistic activity of some components in the crude essential 
oil.
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Introduction

A major contentious issue that man has been faced with over the years has to do with the consumption 
or usage of synthetic chemical items, which include food, insecticides, preservatives, and medications 
(Hayes et al., 2006). As a result, the health of man is a� ected as well as the environment. Several 
e� orts are put up by scientist, by the introduction of natural products to make products used as drugs 
to contain more natural or organic. According to popular belief, Africa is blessed with a wide variety 
of plant species, many of which have a great potential for use as drugs (Manach et al., 2004).
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Pinus sylvestris (Scots pine) is of the family Pinaceae that originated in Eurasia and is primarily found in 
Northern and Eastern Europe. It has now been found in some parts of Africa as a widespread coniferous 
plant (Sonibare and Olakunle, 2008; Zafar et al., 2010). � e leaves are evergreen and fragrant; it is the 
most varied pine species in the world, with a variety of uses (Maciag, 2007). Considering that it has anti-
in� ammatory, anti-parasitic, anti-viral, anti-spasmodic, anti-hyperglycemic, and expectorant properties, 
P. sylvestris oil has a wide medical application (Silori et al., 2019). P. sylvestris oil has also been observed 
to have insecticidal and larviciding e� ects (Fayemiwo et al., 2014).

Synergistic e� ect is said to be observed when the e� ect of the combine components of the crude essential 
oil is higher than what is observed when the crude essential oil is separated into di� erent fractions that 
contain components di� erent from what was observed in the crude essential oil (Zainol et al., 2017).

While there have been numerous studies on the therapeutic properties of P. sylvestris essential oil, 
there are some schools of thought that contend di� erent plant extract constituents may be the cause of 
synergic activity. Other schools of thought contend that certain compounds may have the opposite e� ect 
and have anti-synergic properties. � is study was conducted to ascertain whether the crude essential oil 
or the fractions obtained by column chromatography will possess synergic or antisynergic activities, in 
terms of some biomarkers.

Materials and Methods

Materials 
Pinus sylvestris L. twigs were collected at Obafemi Awolowo University, Ile-Ife, Osun State, Nigeria, 
between Latitudes 3.90 and 7.45. � e twig was identi� ed by a herbarium specimen, IFE-17939, at the 
Botany Department of Obafemi Awolowo University. � e twigs were broken up into tiny pieces and 
dried by air.

Extraction of the Essential Oil
Twigs of Pinus sylvestris L. were extracted by the method of hydrodistillation for a period of four hours. 
With the use of anhydrous sodium sulfate, the extract was dried. � e obtained essential oils were kept in 
an airtight container and chilled to 4 °C.

Fractionation
� e crude extract (22.81 g for P. sylvestris) of essential oil was separated into various fractions using a 
3 x 100 cm column size. A range of 0.063 to 0.200 mm-sized particles of silica gel were used as the 
stationary phase. Hexane and ethyl acetate were used to elute the sample using a polarity gradient 
(100/00, 80/20, 60/40, 40/60, 20/80); and an additional ethyl acetate/methanol combination system was 
also used (100/0, 80/20, 100/0). Each time, the column was � lled with a measured volume (100 mL) of 
each solvent mixture using a separating funnel. � e eluted fractions were collected in test tubes in aliquots 
of 10 mL. Fractionation monitoring was done on a thin layer chromatographic (TLC) aluminum plate. 
� e fractions were spotted on pre-coated silica gel (F254) and developed using the solvent ratio that was 
used for the elution. � e plate was taken out and dried with a hot air dryer. � e TLC plate was visualized 
by spraying with H2SO4 reagent and subjecting the plate to heat in a hot oven at 110 °C for 5 minutes. 
After solvent evaporation on a rotary evaporator at 40 °C, the resulting fractions were categorized based 
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on their chromatographic pro� les, and a total of three fractions (P1, P2, P3, and P4) were obtained.

GC-MS analysis
� e Agilent 6890N instrument containing a � ame ionization detector and a capillary column HP-5MS 
(30 m, 0.25 mm, 0.25 m), coupled with an Agilent Technologies mass spectrometer, model number 
5973N, was used. � e temperature in the GC was 60 °C for one minute, ramped up to 180 °C for ten 
minutes at a rate of 10 °C per minutes, and then increased to 280 °C for � fteen minutes. � e temperature 
of the injector was left at 270 °C, and 1 µL 1:10 split ratio injections were used for the samples. Helium, 
the carrier gas, � owed at 1.0 mL min-1. � e scans were done at 20 to 550 m/z at 2 scans per seconds. 
MS was used to identify the various compounds, and their constituents' identities were veri� ed by 
comparing their Kovat's retention indices with respect to C8–C32 n-alkanes and making use of samples 
or information from NIST 2008, as well as publications and the library.

Determination of Total Phenolic Acids 
� e Folin-Ciocalteu method was used (Elsha� e et al., 2017). A 125 µL extract was combined with 
Folin-Reagent, Ciocalteu's, and distilled water. Six minutes were given for the mixture to stand before 
7% sodium carbonate was added. After 90 minutes of standing time, the mixture was read for absorbance 
at 760 nm on a SpectrumLab70 spectrophotometer, and the outcome was presented as equivalents of 
gallic acid (GAE).

Determination of Saponin
Spectrophotometric method (Elsha� e et al., 2017) was employed. � e sample (2 g) was measured with 
but-2-ol added. A beaker containing a 40% magnesium carbonate solution after � ltering through No. 
1 Whatman � lter paper held the mixture. One mL of the solution was added to two mL of FeCl3. At a 
nanometer of 380 nm, the absorbance was determined using a SpectrumLab70 spectrophotometer after 
being left to stand for 30 minutes to allow the color to develop.

Determination of Tannins 
� e sample (0.5 mL) was dissolved in 80% ethanol, and 2 mL of Folin-Ciocalteu reagent was added to 
0.1 mL of the diluted sample. � e solution was left for 8 minutes, after which 7.5 mL of 7% Na2CO3 
was added and incubated for two hours. � e tannic acid curve was used as a reference to determine the 
absorbance at 760 nm and the tannin concentration (Elsha� e et al., 2017).

Determination of Flavonoid 
A 1 mL of distilled water was used to dissolve approximately 0.25 g of the extract; the resulting mixture 
was added to 0.150 mL of freshly made AlCl3, 5% NaNO2 solution, and 1 M NaOH solutions. A 
SpectrumLab70 was used to measure the absorbance at 510 nm after � ve minutes. � e result was 
expressed as milligrams per gram (mg/g).

Determination of Alkaloid 
To 0.3 g of ethanol, 200 mL of 10% acetic acid in ethanol was added 0.3 g of the sample; it was left for 
four minutes and � ltered. � e � ltrate obtained was concentrated in a water bath, after which dropwise 
addition of NH4OH was added till precipitation was complete. Washing of the precipitate was done 
with dilute NH4OH. � e residue obtained was weighed after drying (Elsha� e et al., 2017).
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Determination of Cardiac Glycosides 
Chloroform was mixed with 2 mL of the extract in a conical � ask and � ltered. Into the � ltrate obtained, 
a mixture of 2 mL 29% sodium nitroprusside and pyridine was added and stirred for ten minutes, after 
which a solution of 20% NaOH was added for color formation. Absorbance was then read at 510 nm 
on a SpectrumLab70. 

Quantitative Test for Terpenoids
An extract of 100 mg was added to 9 mL of ethanol and left for 24 hours (Elsha� e et al., 2017). A 
separating funnel was used to extract the � ltrate obtained using 10 mL of petroleum ether. � e ether 
extract was split into glass vials that were precisely weighed and allowed to dry completely(Wf). � e total 
terpenoids’ contents were measured by the formula:

     (WI  – Wf / WI  × 100)

Where WI is the initial weight and Wf is the � nal weight.

DPPH scavenging assay
Method described by Gonçalves et al., 2011 was adapted. � e change in color of the reaction mixture 
was monitored at 517 nm. Brie� y, an aliquot of 1 mL, 0.3 mM DPPH ethanol solution was mixed with 
2.5 mL of di� erent concentrations of the sample and standards ranging from 50, 100, 150, 200, and 250 
µg/mL). � is was allowed to incubate at room temperature in dark conditions, where the absorbance 
was measured after 30 min at 517 nm. DPPH served as the negative control, while ethanol was used 
as a blank. � e degree of DPPH color change from purple to yellow revealed the studied samples' level 
of scavenging e� ectiveness. All tests were performed in triplicate (n - 3), and average were obtained. 
Inhibitory concentration at 50% (IC50) was calculated. � e following equation was used to determine 
the DPPH free radical scavenging activity percentage.

DPPH radical scavenging activity (%) = [(Abs control – Abs sample)]/(Abs control) ×100
Where Abs control is the absorbance of DPPH radicals + methanol; Abs sample is the absorbance of 
DPPH radical + sample or standard.

ABTS radical scavenging activity 
ABTS activity was assessed using (Gonçalves et al., 2011). K2S2O8 (5 mL) solution of 4.9 mM and 5 mL 
of a 14 mM ABTS solution were combined and stored in the dark f or 16 hours at room temperature. 
� is solution was diluted with ethanol before use to achieve an absorbance of 0.700 at 734 nm. After 
homogenizing the crude essential oil and fractions with 1 mL of the ABTS solution at varying 
concentrations, the absorbance at 734 nm was measured. Each test included running ethanol blanks, 
and all measurements were completed at least six minutes later. � e IC50 (g/mL) value for ABTS 
scavenging was used. Using the following formula, the inhibition percentage of the ABTS radical was 
determined:

ABTS scavenging activity (%) = {(A0–A1) /A0}×100 
Where A0 is the absorbance of the control and A1 is the absorbance of the sample.
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Anti-Diabetic Activity Assay
2.14.1 Alpha-Amylase Inhibitory Assay
� e method of Ali et al., (2006) was used to determine the α-amylase activities of P. sylvestris crude 
essential oil and fractions was determined by. Porcine pancreatic α-amylase (EC 3.2.1.1) (0.5 mg/mL) 
was added to 500 mL of the sample, and 500 mL of a 0.02 mol/L sodium phosphate bu� er (pH 6.9 with 
0.006 mol/L NaCl) before being incubated at 25°C for ten minutes. � e reaction mixture was then given 
500 mL of a 1% starch solution in a 0.02 mol/L sodium phosphate bu� er (pH 6.9 with 0.006 mol/L 
NaCl). � e reaction mixture was stopped with the aid of 1.0 mL of dinitrosalicylic acid after incubation 
at 25 °C for ten minutes. It is then incubated for � ve minutes in a boiling water. � e absorbance was 
measured at 540 nm with the Spectrumlab 752S. � e % inhibition of the α -amylase inhibitory activity 
was measured. � e same technique was used to create a reference, but distilled water was used in place 
of the extract.

� e α-amylase inhibitory activity was calculated as percentage inhibition: 

[Absref - Abssam ]×100

[Absref - Abssam ]×100

Abssam

Abssam

% inhibition =

% inhibition =

Where Absref is the absorbance of the reference and Abssam is the absorbance of the sample

Where Absref is the absorbance of the reference and Abssam is the absorbance of the sample

Alpha-glucose Inhibitory Assay
� e sample (50 µL) was combined with a 100 L solution of -glucosidase (1.0 U/mL) and a 0.1 mol/L 
phosphate bu� er (pH 6.9). � ese mixtures were then mixed with 0.1 mol/L of phosphate bu� er (pH 
6.9), 5 mmol/L of a solution of p-nitrophenyl-d-glucopyranoside, and 50 L of phosphate bu� er (pH 
6.9) after being incubated at 25 °C for 10 minutes. After the mixture was incubated for 5 minutes at 
25 °C, an absorbance measurement at 405 nm was performed using a UV-visible spectrophotometer 
(Spectrumlab 752S). � e % inhibition of the α-glucosidase inhibitory action was reported (Apostolidis 
et al., 2007). Percentages of the blank control were used to express the results.
Percentage inhibition is calculated as follows:

Antibacterial Screening 
� e three bacteria that were employed in this study were Escherichia coli (NCIB 1161], Klebsiella 
pneumoniae (NCIB 1161) and Bacillus cereus (NCIB 1161), which were obtained from the Central 
Research Laboratories, University of Ilorin. Isolates were inoculated into the nutrient broth and cultured 
at 37°C for 24 hours to generate the bacteria used in the study.

Antimicrobial Sensitivity Profi ling 
� e zone of inhibition was identi� ed using the Agar well di� usion technique, where Mueller-Hinton 
agar was employed. On 150 mm pre-sterilized plates, 20–25 mL of the molten media were applied after 
cooling it to 45 °C. Following this, bacterial species cultures grown for 24 hours were dispersed with 
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a clean cotton swab, with each microbe distributed equally over the whole surface of the agar plate to 
achieve consistent plate surface increase. � e Petri plates were left to dry. With the aid of a sterile borer, 
3–4 wells of 5 mm of depth and 6 mm of diameter were made on each plate's surface to hold the sample. 
A 50 L of the undiluted extract was added to the appropriate wells, along with 10 mcg of gentamicin as a 
positive control and dimethyl sulfoxide (DMSO) as a negative control. � e plates were then placed in an 
incubator for bacterial growth for 24 hours at 37°C after being kept at room temperature for 30 minutes. 
After incubation, a ruler was used to measure the zones of inhibition, and the results were reported in 
millimetres (Sadeghi-Nejad et al., 2010).

Establishing Minimum Inhibition Concentration (MIC)
� e minimum inhibitory concentration was established using the agar dilution technique. Inhibitory 
concentration. � e MIC was assessed on extracts that displayed antibacterial action on any organism 
in the agar-well di� usion assay. Di� erent concentrations of each extract were used in this test. Each 
organism was prepared as an overnight incubated suspension in nutrient broth, and 50 µL was added to 
each test tube. It was then incubate24 hours at 37 °C. Each tube's suspension was injected into nutrient 
agar after incubation to determine whether or not bacterial growth was inhibited. Bacterial growth on 
solid media suggested that a certain concentration of the extract was ine� ective at inhibiting the bacteria 
(Andualem et al., 2014).

Table 1: Major constituents of the crude and fractions, P1, P2, P3 and P4 of the essential oil of P. 
sylvestris and the yield obtained.Table 1: Major constituents of the crude and fractions, P1, P2, P3 and P4 of the essential oil of P. sylvestris and the yield obtained 

  Crude P1 P2 P3 P4 
Yield (g) 22.81 9.33 2.47 4.70 6.31 
COMPOUNDS % RIC RIL % RIC RIL % RIC RIL % RIC RIL   %           RIC           RIL 

Fenchol 10.45 1000.3 1100.7 34.62 994.0 1100.7 - - - - - - - - - 
Terpine-1-ol 11.28 1123.3 1134.0 - - - - - - 17.84 1128.3 1134.0 - -   
Terpinene-4-ol 8.82 1157.4 1164.5 - - - - - - - - - - - - 
Isoborneol 11.82 1140.5 1147.8 15.71 1140.2 1147.8 - - - - - - - - - 
P-cymen-7-ol 4.18 1263.1 1270.1 4.94 1264.3 1270.1 - - - - - - - - - 
α-terpineol 10.50 1168.3 1175.6 13.89 1170.0 1175.6 - - - - - - - - - 
Longifolene 8.84 1390.5 1404.0 - - - 6.78 1400.1 1404.0 - - - - - - 
Fenchyl acetate - - - 14.59 1204.1 1209.0 - - - - - - - - - 
δ-terpineol - - - - - - 31.55 1145.0 1148.1 - - - - - - 
Verbenol - - - - - - 7.93 1127.3 1133.7 - - - - - - 
α-terpinylacetate - - - - - - 5.94 1328.7 1332.8 - - - - - - 
Sabinol cis - - - - - - - - - 13.89 1130.1 1135.6 - - - 
Diisooctyl 
phthalate - - - - - - - - - - - - 

40.98 2514.0 2519.0 

Isobornylacetate - - - - - - - - - - - - 6.02 1265.2 1271.0 
γ-terpinene - - - - - - - - - - - - 4.85        1045.3    1050.3 

RIC is the retention indices calculated, while RIL is the retention indices found in the literature, as reported by Babushoket al., 2011. Retention 

indices of components for dimethyl silicone stationary phase. 

 

 

RIC is the retention indices calculated, while RIL is the retention indices found in the literature, as reported by 
Babushok et al., 2011. Retention indices of components for dimethyl silicone stationary phase.



147

Kabale University Research Journal (KURJ), Vol. 2 Issue 1.

Table 2: Quantitative phytochemical parameters in P. sylvestris.Table 2: Quantitative phytochemical parameters in P. sylvestris  

Components       P1          P2                 P3                P4 Cru               Crude extract  
Phenolic acid (GAE/g) 5.50 ± 0.1b 5.64 ± 0.01b 5.61±0.02b 5.30 ± 0.2a 5.21 ± 0.02a 
Saponin (mg/g) 6.00 ± 0.15c 4.50 ± 0.09b 4.09± 0.01a 4.53 ±0.01 b 4.48 ± 0.01b 
Tannin (mg/100g) 4.40 ± 1.79c 2.40 ± 0.2 b 5.70 ± 5.84d 2.10 ± 0.1a 2.30 ± 0.5b 
Flavonoid (mg/g) 2.75 ± 0.04b 2.28 ± 0.12a 5.21 ± 0.02c 5.30 ± 0.06c 5.32 ± 0.07c 
Alkaloid (mg/g) 1.20 ± 0.07a 2.63 ± 0.01c 4.21 ± 0.03d 2.40 ± 0.05 b ND 
Cardiac Glycoside (mg/g) 5.32 + 0.02c 4.30 ± 0.02a 5.00 ± 0.05c 4.78 ±0.06 b 4.75 ± 0.05b 
Terpenoid(mg/g) 5.10 ± 0.06b 4.60 ±  0.02a 5.04 ± 0.58b 5.72 ±  0.02c 5.30 ±  0.22b 

The table's values are each represented as mean SD (n = 3). A different letter after a value in the same row indicates a significant difference (p< 

0.05). ND= Not determined is ND. 

 

 

 

 

 

 

 

 

� e table's values are each represented as mean SD (n = 3). A di� erent letter after a value in the same row 
indicates a signi� cant di� erence (p< 0.05). ND= Not determined is ND.

Table 3: Radical scavenging and In-vivo anti-diabetic activities of the fractionated and crude essential 
oil of P. sylvestris.Table 3: Radical scavenging and In-vivo anti-diabetic activities of the fractionated and crude essential oil of P. sylvestris  

   Radical scavenging In-vivo anti-diabetic 
 
Sample 

   IC50 (µg/mL)   IC50 (µg/mL) 
 DPPH ABTS α-amylase α-glucosidase 

P1  875.00±7.28g 506.00±6.30f 4.32 ± 0.03c 3.92 ± 0.01d 
P2  835.00±6.10f 368.00±6.30g 4.08 ± 0.54b 3.00 ± 0.06c 
P3   508.00±3.30b 235.00±6.30a 4.62 ± 0.01d 4.21 ± 0.02de 
P4      761.00±5.10e  265.00±6.30c 4.34 ± 0.03b 2.57 ± 0.02b 
Crude essential oil  700.00±8.30c 251.00±6.30b 4.90 ± 0.01e 4.22 ± 0.02e 
Ascorbic  734.20±6.40d 342.20±7.30e - - 
Gallic acid 
Acarbose 

 482.86±5.20a 
  -                                               

321.10±4.23d 
- 2.32± 0.01a 2.02 ± 0.02a 

The table's values are each represented as mean SD (n = 3). A different letter after a value in the same column indicates a significant difference 

(p< 0.05).  

 

 

 

 

 

 

 

� e table's values are each represented as mean SD (n = 3). A di� erent letter after a value in the same column 
indicates a signi� cant di� erence (p< 0.05). 

Table 4: Anti-bacterial activities of fractionated and crude essential oils of P. sylvestris.
Table 4: Anti-bacterial activities of fractionated and crude essential oils of P. sylvestris 

  Concentration / MIC (mg/mL) 
  Escherichia coli Klebsiella pneumonia Bacillus cereus 

   
Essential 
Oil 

50 25 12.5 6.25 MIC 50 25 12.5 6.25 MIC 50 25 12.5 6.25 MIC 
Diameter of zone inhibition (mm) 

P1 3.1 2.2 0.0 0.0 12.0 5.0 4.0 2.1 2.0 10.0 3.0 3.0 2.0 0.0 15.2 
P2 4.2 4.1 2.2 0.0 9.5 4.8 3.8 2.0 2.0 10.0 4.1 2.3 2.0 0.0 13.2 
P3 4.1 4.1 2.0 0.0 9.5 4.3 2.8 1.8 0.0 12.5 3.0 2.0 0.0 0.0 20.0 
P4 4.0 4.0 2.2 0.0 9.5 5.1 4.0 2.0 1.9 10.0 3.0 2.2 0.0 0.0 20.0 
Crude  6.0 4.4 3.0 2.0 6.2 5.0 4.0 3.0 2.0 10.0 3.0 2.1 0.0 0.0 20.0 

Results and Discussions

Results
Column chromatography was used to fractionate the crude essential oil of P. sylvestris, the elute collected 
was grouped into four fractions: P1, P2, P3, and P4. Fraction P1 yielded the highest fraction of 9.33 g 
(Table 1).

Table 1 presents the major components from GC-MS analysis of the crude essential oil and fractions 
P1, P2, P3, and P4 of P. sylvestris. � e analysis revealed isoborneol (11.82%) as the major component of 
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the crude essential oil, followed by terpine-1-ol (11.28%), while p-cymen-7-ol (4.18%) had the lowest 
composition. Fenchol (34.62%) was the highest component observed in fraction P1, closely followed by 
isoborneol (15.71%), but of the major components observed, P-cymen-7-ol had the least composition 
of 4.94%. As seen in fraction P2, the composition of δ-terpineol was the highest (31.55%), followed by 
verbenol (7.93%), and α-terpinylacetate (5.94%) was the least of the major components. Terpine-1-ol 
was the highest component (17.84%) observed in fraction P3, but of the major components observed 
in the GC-MS analysis, Sabinol cis (13.89%) was found to have the lowest composition. � e main 
constituent identi� ed in fraction P4 was diisooctyl phthalate, which had a composition of 40.98%, 
followed by isobornylacetate, which had a composition of 6.02%.

� e results of a quantitative investigation of the phytochemical parameters of P. sylvestris fractions and 
crude essential oil are shown in Table 2. Both the crude essential oil and all the fractions obtained 
contained phenolic acid; the crude essential oil had the lowest concentration of phenolic acid (5.21 
GAE/g), which is signi� cantly similar to the value obtained in fraction P4. Fraction P2 had the highest 
(5.64 GAE/g), but the value was not signi� cantly di� erent from the values obtained in fractions P1 
and P3. Fraction P1 had the highest value of saponin content (6.00 mg/g), whereas fraction P3 had 
the lowest value of 4.09 mg/g. � e concentration of tannin was found to be higher in fraction P3 (5.70 
mg/100g), and least in fraction P4 (2.10 mg/100g). � e value of � avonoids was highest in the crude 
essential oil of P. sylvestris (5.32 mg/g) and lowest in fraction P2 (2.28 mg/g). Alkaloid had the highest 
value in fraction P3 (4.21 mg/g), but was not determined in the crude essential oil. Cardiac glycoside was 
highest in fraction P1 (5.32 mg/g) and lowest in fraction P2 (4.30 mg/g). � e highest concentration of 
terpenoids was found in fraction P4 (5.72 mg/g), while the lowest concentration was found in fraction 
P2 (4.60 mg/g).

� e results of the antibacterial activities of the crude essential oil and fractions of P. sylvestris were 
examined using the disc di� usion method against E. coli, K. pneumoniae, and B .cereus. � e antibacterial 
activities of the crude and factions against three bacterial species were shown in Table 4. � e crude 
essential oil recorded zone of inhibition of 2.00 mm with a dose of 6.25 mg/mL while no activity was 
recorded with all the fractions. � e concentration of 50 mg/mL produced the highest activity; fraction 
P2 recorded a zone of inhibition of 4.20 mm, which was lower than the zone of inhibition of the crude 
essential oil, which was 6.00 mm. � e crude essential oil recorded a minimum inhibitory concentration 
(MIC) of 6.20 mg/mL, which indicated a higher activity against E.coli than all of the fractions. � e result 
of the antibacterial activities of the crude and fractions of P. sylvestris against K. pneumonia revealed that 
all samples recorded a zone of inhibition with a dose of 6.25 mg/mL except fraction P3 with a dose of 
50 mg/mL. Fraction P4 recorded a zone of inhibition of 5.10 mm which was the greatest observed zone 
of inhibition while the least value of a zone of inhibition was observed in fraction P3 with a value of 4.30 
mm. � e MIC values recorded for crude and fractions P1, P2, and P4 were 10.00 mg/mL indicating 
fraction P3 had the least activity against K. pneumonia.

B. cereus is the only gram-positive bacterial species included in the study. � e crude, fractions P3 and 
P4 recorded no activity against B. cereus with concentrations of 6.25 mg/mL and 12.5 mg/mL. � e 
highest activity of zone of inhibition was recorded with concentration of 50 mg/mL with fraction P3 
recording highest inhibition of 4.10 mm with MIC value of 13.20 mg/mL indicating that it had the 
highest activity against B. cereus. 
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� e antioxidant activities of the crude essential oils and fractions were determined using the DPPH 
(2,2-diphenyl-1-picryl) and ABTS (2,2-azobis-2-aminopropane hydrochloride) radical scavenging 
assays. Table 3 displayed the values of the inhibitory concentration at 50% (IC50) for DPPH, ABTS, and 
two positive standards (vitamin C and garlic acid). � e highest radical scavenging activity for DPPH 
and ABTS was reported in fraction P3 (508 and 235 µg/mL, respectively), but the least activity was 
recorded in fraction P1 with IC50 values recorded to be 875 and 506 µg/mL for DPPH and ABTS 
respectively. Garlic acid, with an IC50 value of 482.86 µg/mL for DPPH and 321.10 µg/mL for ABTS 
had a higher radical scavenging activities than the crude as well as the fractions. � e IC50 values for the 
crude essential oil and fraction P3 both showed that they have a greater capacity for radical scavenging 
in DPPH and ABTS than vitamin C. � e radical scavenging activities were higher in the ABTS assay 
than in the DPPH assay for the fractions, crude essential oil, and standards.

Table 3 demonstrated the anti-diabetic activities of crude essential oil and fractions of P. sylvestris using 
the α-amylase and α-glucosidase assays. Fraction P2 had the lowest IC50 value for -amylase (4.08 µg/
mL), indicating that it was more e� ective in inhibiting -amylase than other fractions and crude essential 
oil of P. sylvestris. � e higher IC50 value for α-amylase found in crude essential oil (4.90 µg/mL) 
suggests less antidiabetic e�  cacy. In the α-glucosidase test, fraction P2 with the lowest IC50 (2.57 µg/
mL) value inhibited α-glucosidase more e� ectively, but crude essential oil with the highest value of 4.22 
µg/mL had the least anti-diabetic activity based on the IC50 value observed. 

Discussions

Essential oils consist of numerous components that are responsible for the extracts' activities. In some 
situations, some constituents may work against the extracts' desired e� ects, which could be responsible 
for the reduced activity of the extract (Manindra et al., 2011). � e research identi� ed isoborneol 
(11.82%) and terpine-1-ol (11.28%) as the major components of the crude essential oil. Isoborneol 
(0.8%) and terpine-1-ol (10.80%) were also identi� ed by Sarin et al., (2015). � e constituent of the 
essential oil from P. sylvestris needle has been determined by a number of studies. According to Oyewole 
et al.(2021), the three major components of a Nigerian sample of P. sylvestris needle essential oil were 
α-terpineol (27.17%), borneol (6.72%), and fenchol (1.74%). α-terpineol (20.50%), Terpinolene (26.7%), 
1-terpineol (5.3%), α-pinene (6.0%) terpineol (10.8%), and γ-terpineol (5.3%) were listed as the primary 
constituents by Sarin et al., (2015). � e main constituents, according to Judzentiene and Kupcinskiene 
(2008), were α-pinene (16.1%) and -3-carene (14.3%), with 3-Cyclohexene-1-methanol, alpha.,.alpha. 
3-Cyclohexen-1-ol,1-methyl-4-(1-methylethyl) (21.82%), 4-trimethyl (27.1%), and Cyclohexanol, 
1-methyl-4-(1-methylethenyl) (14.07%) are the main compounds found in another sample from 
Nigeria, according to Fayemiwo et al., (2014). Fatbardhë et al. (2019) reported that β-caryophyllene, 
(4.50%), β-pinene (13.65%), α-pinene (32.45%), δ-cadinene (7.05%) limonene (9.35%) and 3-carene 
(6.45%) and were the main constituents of the essential oil of P. sylvestris . Fenchol (10.45%), which 
was also found in the crude essential oil, was also present in fraction P1, but the quantity was higher in 
fraction P1 (34.62%) while Fenchyl acetate, which was not present in the crude essential oil, was also 
observed in fraction P1. Fenchol was also reported by Oyewole et al. (2021). Hisashi (2021) con� rmed 
that the primary component identi� ed in fraction P2 was -terpineol (31.55%). According to Sarin et al. 
(2015), the major components of fraction P3 were terpine-1-ol (17.84%). 
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Diisooctyl phthalate (40.98%), which was reported to be the highest component of fraction P4, has been 
reported earlier by Rafal et al. (2012). According to Owolabi et al. (2009), a signi� cant factor responsible 
for the di� erences in the components of the essential oil observed from di� erent locations may be 
attributed to the treatments the needles received after harvesting or the origin of the needle. � e di� erent 
components and the variability in the quantity of the component could be a result of the crude essential 
oil fraction. � e research reported � avonoids (5.32 mg/g), terpenoids (5.30 mg/g), and phenolic acid 
(5.20 GAE/g) as the major phytochemicals from the crude essential oil of P. sylvestris. � is was similar 
to what was reported by Skrypnik et al. (2019), who reported � avonoids (5.20 mg/g) and phenolic acid 
(4.0 mg/g) for the essential oil of P. sylvestris. � e presence of phenolic acid was noted in all fractions 
and the crude essential oil with no signi� cant di� erence; Skrypnik et al. (2019) likewise reported the 
same phytochemical for the essential oil of P. sylvestris. � e highest amount of saponin was observed in 
fraction P1 (6.00 mg/g). � is was also reported by Jia et al. (2018) to be present in the essential oil of P. 
sylvestris . Tannin was also found to be highest in fraction P3 (5.70 mg/100g) and lowest in fraction P4 
(2.10 mg/100g), this same component was reported by Berit et al.(2021) to be present in the essential oil 
of P. sylvestris. Flavonoid was found in all of P. sylvestris fractions and crude essential oil, with the crude 
essential oil containing the greatest concentration (5.32 mg/g), however these � ndings were equivalent 
to those of Skrypnik et al., (2019). Alkaloid was present in all P. sylvestris fractions, with fraction P3 
having the highest value (4.21 mg/g), although it was not present in the crude essential oil.

 � is is comparable to the � ndings of Virjamo and Riitta (2018). � e highest concentration of cardiac 
glycoside was found in fraction P1 (5.32 mg/g); Achiano and Giliomee (2007) also identi� ed this 
component in the essential oil of P. sylvestris. � e highest concentration of terpenoid was found in 
fraction P4 (5.72 mg/g), which was comparable to other fractions and the crude essential oil of P. 
sylvestris but did not di� er signi� cantly in value. Gürkan et al. (2007) also noted this phytochemical to 
be present in the essential oil of P. sylvestris.

Isoborneol was reported to have antibacterial properties (Micaela et al., 2021). � e existence of isoborneol, 
which was discovered to be present in abundance in the crude essential oil but not signi� cantly di� erent 
from fraction P4, may have greatly contributed to the � avonoid's antibacterial property. Plant extracts 
with a high � avonoid content from a variety of species have antibacterial activities, according to Mishra 
et al. (2013).

Tannin was found in the crude essential oil and fractions, but in greater abundance in fraction P3. 
Tannin has been reported to possess antibacterial properties (Cotas et al., 2020). � e antibacterial activity 
of tannin in the crude essential oil and fractions could be attributed to the presence of components 
such as fenchol, δ-terpineol, and diisooctyl phthalate, all of which were found in varying amounts in 
the crude and fractions of P. sylvestris. Kotan et al. (2007) revealed that fenchol demonstrated broad-
spectrum antibacterial action. Huang et al. (2020) found that δ-terpineol had a good inhibitory e� ect 
on a variety of gram-positive and gram-negative bacteria, whereas Waheed et al. (2018) discovered that 
diisooctyl phthalate inhibited antibacterial activity. � e presence of phenolic acid in extracts has been 
linked to antibacterial properties (Obonga et al., 2017). Although all samples contained phenolic acids, 
the antibacterial activity demonstrated by fraction P2 could be attributed to the presence of δ-terpineol, 
which has been shown to have antibacterial properties (Huang et al., 2020).
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Antioxidant properties of alkaloid have been reported (Aminah et al., 2018). Fraction P3 had one of the 
highest values of alkaloids, which may due to the presence of terpine-1-ol in the extract. Christina et al. 
(2018) showed that terpine-1-ol had a variety of biological uses as an antioxidant. According to Raina 
et al. (2019), longifolene, one of the constituents of fraction P2, exhibits antidiabetic properties. � is 
constituent may have been linked to the phenolic component since phenolic acid has strong antidiabetic 
properties (Gowd et al., 2017) and is present in fraction P2. Terpenoid, which was shown to have its 
largest constituent in fraction P4, was noted to be a good antidiabetic drug (Suchitra et al., 2020). 
Diisooctyl phthalate has been linked to anti-diabetic properties (Kumar et al., 2017). It can be inferred 
that the higher terpene content in fraction P4 may be responsible for the antidiabetic activity exhibited 
by fraction P4, and the diisooctyl phthalate may have contributed to the quality of terpenoids.

� e antibacterial activity was determined against two grams positive and one gram negative bacteria. 
� e results showed that crude and fractions were active against the three bacterial strains, but at varying 
degrees of activity, as indicated by the zone of inhibition and MIC values. � e large spectrum of the 
crude essential oil and fractions is as reported by Keeratirathawat et al. (2013); Kaániová et al. (2018); 
Kurti et al. (2019); Fayemiwo et al. (2014); and Oyewole et al. (2021).

� e crude essential oil with the highest e�  cacy against E. coli was reported to have a minimum inhibitory 
concentration of 6.20 mg/g, (Oyewole et al., 2021) also reported that the highest activity against bacterial 
species tested by the essential oil of P. sylvestris was found with E. coli. � e crude essential oil, fractions 
P1, P2, and P4, had the lowest MIC values of 10.00 mg/mL against K. pneumoniae, and fraction P2 was 
shown to have the highest antibacterial activity against B. cereus with a MIC of 13.20 mg/mL. Research 
has shown that extracts with high contents of phenolic acid, tannin, and � avonoids (Obonga et al., 2017; 
Cotas et al., 2020; Mishra et al., 2013) are bene� cial. Antibacterial properties are common. � e varied 
actions seen may be due to the varying � avonoid, tannin, and phenolic contents. � e diverse components 
present at varying percentages in each fraction and the crude essential oil of P. sylvestris may also be 
responsible for the various activities. DPPH and ABTS assays were used to assess the antioxidant activity 
of the fraction and crude essential oil of P. sylvestris. � e di� erence in the antioxidant activity observed 
in the values of IC50 was a result of the di� erent components observed in the crude and fractions. Some 
components, such as terpine-1-ol, fenchol, and α-terpineol, have been linked to antioxidant activity 
(Christina et al., 2018). � e anti-diabetic activities of the crude essential oil and fraction of P. sylvestris 
were determined using an -amylase and α-glucosidase assay. � e crude essential oil of P. sylvestris 
fractions exhibited -amylase and -glucosidase activity. � is activity can be attributed to the presence of 
� avonoids, tannins, saponins, phenolic acid compounds, and steroids. Tadesse et al. (2017). � e presence 
of longifolene in fraction P2 could explain the higher anti-diabetic activity observed in the -amylase 
assay. � is was reported by Raina et al. (2019). � e increased activity observed in the -glucosidase assay 
can be attributed to the high terpenoid value observed, which con� rmed the � ndings of Suchitra et al. 
(2020), who discovered that terpenoid compounds have anti-diabetic properties. � e high antidiabetic 
activity of -glucosidase can also be attributed to the high value of diisooctyl phthalate found in fraction 
P4. Kumar et al. (2017) reported the e� ect of diisooctyl phthalate as an antidiabetic agent.
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Conclusions

� e result of the research showed that the chemical components observed in the crude essential oil were 
di� erent from those observed in the fractions, and those present were of a di� erent percentage. � is is 
evident in the di� erent values obtained in the phytochemical analysis of all the activities determined; 
the crude essential oil had the highest activity only in the antibacterial activity against E. coli, which 
indicated a synergic activity. � e higher activities observed by the fractions on other biomarkers show 
the antagonistic activity exhibited by some of the components in the crude essential oil. � is study 
may lead to additional studies that will help researchers determine the fractions needed to increase the 
activity of essential oils. 
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