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ABSTRACT  
 
Poly phenols are multifunctional secondary metabolites in plants. Less information is available concerning the statistical yield, optimal extraction 
method and pharmacological activity with regards to active compounds from Pelargonium graveolens LʼHér leaf. Therefore, Box–Behnken design was 
used to optimize extraction parameters such as the speed of agitation (rpm), the volume of methanol solvent (mL), time of extraction (h) and mass of 
plant material (g). A polynomial quadratic model produced satisfactory fitting of experimental data: % yield (Y): R2 = 0.9943, total phenols (TPC): R2 

= 0.9621 and total flavonoids (TFC): R2 = 0.9873 at p < 0.05. The antioxidant activities of optimized methanol extract and controls were evaluated by 
DPPH, ABTS scavenging, and ferric reducing power in vitro assays. The kinetics of the lipid protective activity was studied and fitted into a pseudo-
second-order kinetic model. Total antioxidant capacity (TAC) of the extract and gallic acid showed donating potential of 0.35 ± 0.10 mg QE/g and 0.35 
± 0.10 mg QE/g, respectively. The best MIC value of 1.56 mg/mL was against E. coli. The cell proliferation and cytotoxic activities of the extracts were 
evaluated using the Cell Titer® blue cell viability and lactate dehydrogenase assay on HaCaT cells. Bioactive compounds present in the leaf of P. 
graveolens were identified by GC-MS analysis by methanol extract. 
 
Keywords: Optimization; P. graveolens; Flavonoids; Response surface; Phenolics; Antioxidant; Antibacterial 
 
 
INTRODUCTION  
 
For many years back, medicinal plants have been used to treat 
various illness and diseases, owing to the phytochemicals 
presents in the plant parts as secondary metabolites1.These 
phytochemical compounds are found in plant kingdom with 
simple molecules such as phenolic acids to highly polymerized 
substances such as tannins (hydrolyzable tannins and condensable 
tannins), in which more than 8000 naturally occurring phenols are 
known2. 
 
These bioactive compounds play a very important role in defense 
against oxidative reactions and microbial infections, having upper 
hand over synthetic drugs2,3. The transition from synthetic drugs 
to medicinal plants and their extracts have given rise to low health 
cost-effectiveness4, less to none side effects and toxicity, as well 
as medicinal plants, being naturally degradable5. Identification 
and screening of bio-constituents has led to the discovery of novel 
compounds as well as developments of new antibiotics, which are 
increasingly observed as effective alternatives over available 
antibiotics (synthetic drugs) from health care, so as to combat 
increasing resistance of microbial infections4,5. 

The recovery of stable solubilized phytochemicals with similar 
properties of solvents is achieved by using various solvents with 
varying polarities6. With the use of different extraction methods 
such as maceration, soxhlet, ultra-sonication, microwave, the 
recovery of extractable and non-extractable compounds are 
greatly enhanced7. Extraction conditions such as solvents ratios, 
pH, temperature, extraction time and drying processes have been 
found to exhibit a significant influence on the yield of crude 
extracts and its constituents8. 
 
Furthermore, the traditionally one-factor-at-a-time method has 
been considered time-consuming for maximization of extraction 
yield, because this method does not involve the interaction of 
various variables8. Response surface methodology (RSM) have 
been employed towards optimizing various bio-constituents such 
as lignin, dietary fibre, phenolic, triterpenoids and other 
secondary metabolites9-11. The advantage of this (RSM) method 
is that it provides statistical interpretation of data and 
identification of each variable8. However, this method does not 
give assurance to achieving an optimum condition of each 
variable always. 
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The plant of interest is Pelargonium graveolens LʼHér which is 
specie of the family of Geraniaceae in the Pelargonium genus 
comprising of more than 270 distinct species, and it is indigenous 
to South Africa. To some lesser extent, it is cultivated in central 
Africa, Madagascar, Japan, Central America and Europe but 
largely cultivated in Egypt, China and India12. P. graveolens is a 
shrubby perennial plant with height growth of about 1 m; it 
possesses alternate, lobed leaf covered with short, rough hair and 
has typical small pink flowers with a strong pleasant rose-like 
scent. This kind of plant is often confused with “Graveolens” due 
to their similar morphology. These species usually grow within 
short grasslands and sometimes with shrubs and trees on stony 
soil varying from sand to clay-loam, shale or basalt. The plants 
are evergreen when cultivated but die back in natural droughts 
and winter13. 
 
Traditionally, Pelargonium species have been used to treat 
wounds, eczema, ulcers, acne, bruises and broken capillaries, 
liver, kidney functions, blood regulation and depression12,13. 
Other properties include analgesic, anticancer, antifungal and 
treating some hormonal problems13. 
 
In the present study, an attempt was made to optimize the effects 
of independent variables such as time, the volume of solvent, the 
mass of plant material and agitation speed using maceration 
extraction method on percentage yield, total phenolic and 
flavonoids contents from methanol extracts of P. Graveolens by 
RSM design. Also, to assess the effect of response factors on 
microbial strains and oxidative reactions from crude extracts of 
P. graveolens leaf. 
 
MATERIAL AND METHODS 
 
Plant Material Selection and Treatment 
 
The leaf of the plant material (Pelargonium graveolens LʼHér) 
was collected at Sebokeng (26.5634° S,27.8339° E), Gauteng, 
South Africa. The plant sample was authenticated at the South 
African National Biodiversity Institute (SANBI), Pretoria, South 
Africa and voucher number: BP01026 assigned. The fresh leaf of 
the plant were washed with distilled water, dried at room 
temperature and ground into fine powder with S4 Drosky grinder 
and finally stored in sealed bottles at room temperature. Plant 
material (leaf) was extracted following the method of Sompaga et 
al13 with slight modifications. The pulverized plant material (P. 
graveolens) of about 0.5-3 g was immersed in sufficient volumes 
each of 50-100 mL methanol, in the airtight bottomed vessel for 
12-24 h on the shaker at 200 rpm and was optimized with RSM. 
 
Extracts obtained from maceration extraction were filtered into 
small beakers using Whatman filter paper. The solvents in 
extractants were volatilized by rotary vaporizer according to 
different boiling points and finally stored at 4 °C for further use. 
The mass yield of each crude extract was calculated as follows:  
 
Crude extract yield (%) =  (89::	;<	=>9?>@	A	>BC@9DC)	–	(FGHCI	=>9?>@)

J>KLMC	;<	:C9@CKNL	HO9NC	G9C>@K9O
 X 100%   

(1) 
 
Determination of Total Flavonoids (TFC) 
 
The aluminum chloride colorimetric method with modification 
was used for the determination of flavonoid contents14. A solution 
of aluminum chloride was prepared by dissolving 2 g of 
aluminum chloride with 20 mL of methanol in a 100 mL beaker. 
Then 3 mL of aluminum solution was mixed with 3 mL of plant 
extract (methanol) leafs in different test tubes; subsequently the 
mixture was allowed to rest for an hour at room temperature then 

for calibration the absorbance of the reaction mixture was 
measured at 412 nm. The calibration curve was prepared by 
quercetin (10-100 mg/mL) solution of methanol and formic acid. 
Thee flavonoids contents were expressed regarding quercetin 
equivalent (mg QE g-1). 
 
Determination of Total Phenols (TPC) 
 
The method by Folin Ciocalteu reagent with some modification14 

was used. 1 ml of plant extracts were mixed with Folin Ciocalteu 
reagent (0.5 mL and allowed to stand for 15 min. Then 1.5 mL of 
saturated Na2CO3 was added into the mixture and allowed to 
stand for 30 min at room temperature, after that the total phenols 
was determined at 300 nm spectrophotometrically. The 
calibration curve was performed, by preparing gallic acid 
concentrations ranging from 10 to 100 mg/mL solution in distilled 
water and then the total phenol values were expressed as 
milligram of gallic acid equivalent pergram of sample (mg      
GAE g-1). 
 
Experimental Design  
 
In this study the RSM technique was used, for optimization of 
response surface and analysis multivariate regressions with the 
statistical package tool of design Expert (v.11) software, to 
investigate the influence of the independent variables on the 
response factors15 of bio-constituents of crude extract extraction. 
The Box-Behnken experimental design (BBD) shown in Table 1 
with three replicates at the centre point was used to investigate 
four influential parameters based on 30 experimental runs which 
were mass of fine plant material (A), speed of agitation (B), 
contact time (C) and volume solvent (D). The percentage crude 
extract (Y%) content, total phenols content (TPC), and total 
flavonoids content (TFC) obtained by methanol extraction of P. 
graveolens were optimized through the aid of RSM15. The design 
levels were coded as low (-1), intermediate (0) and high (1) Table 
1. The four-response input together with response output was 
fitted to quadratic polynomial second order model as shown in 
Equation (2). Then, the software was used to generate response 
surfaces and contour plots according to BBD while holding a 
variable constant in quadratic polynomial second-order model. 
 

Y= β0 + Si=1βiXi +Si=1βiiXi 
2
  +SS i<j=1βiiXiXj .....(2) 

Where Y is the predicted responses, while o, i, ii, and ij are the 
regression coefficients for intercept, linear, quadratic and interaction 

terms, respectively, and Xi and Xj are the independent variables 
 

Qualitative Phytochemical Tests 
 
Screening and identification of bioactive chemical constituents in 
the extracts was carried out using the standard procedures with 
little modifications. The test carried out includes the following: 
alkaloids, flavonoids, phenols, carbohydrates, cardiac glycosides, 
saponins and proteins, steroids16-18. 
 
Test Microorganisms 
 
Four selected microbial strains associated with skin diseases and 
wound used for this study are Staphylococcus aureus (ATCC 
25923) (Gram +ve), Escherichia coli (ATCC 11954) (Gram-ve 
bacteria), Salmonella typhi (ATCC 15442) (Gram-ve bacteria), 
Enterococcus faecalis (ATCC 12228) (Gram +ve). These 
microorganisms were obtained from Biotechnology Department 
at the Vaal University of Technology and maintained at 4°C. 
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Micro-dilution Assay for Bacteria 
 
Minimum inhibitory concentrations (MIC) of extracts for 
antibacterial activity were determined using the micro dilution 
bioassay as described19-20. Overnight cultures (incubated at 37°C 
in a water bath with an orbital shaker) of two Gram-positive 
(Staphylococcus aureus and Enterococcus faecalis) and two 
Gram-negative (Escherichia coli and Salmonella typhi) bacterial 
strains were diluted with sterile Mueller-Hinton (MH) broth to 
give final inoculums of approximately 106 CFU/ml (colony 
forming units). The dried crude organic plant extracts were 
suspended in 70% ethanol to a concentration of 10 mg/ml while 
water extracts were dissolved in distilled water to the same 
concentration. One hundred micro litres of each extract were 
serially diluted into two-fold with sterile distilled water in a 96-
well micro titre plate for each of the four bacterial strains. A two-
fold dilution of neomycin (Sigma-Aldrich, Germany) (0.1 mg/ml) 
was used as a positive control against each bacterium. One 
hundred micro litres of each bacterial culture were added to each 
well. Water and 70% ethanol were included as negative and 
solvent controls, respectively. The plates were covered with para 
film and incubated at 37°C for 24 h. Bacterial growth was 
observed by adding 50 µl of 0.2 mg/ml p- iodonitrotetrazolium 
chloride (INT) (Sigma-Aldrich, Germany) and further incubation 
at 37°C for 24 h. Since the colorless tetrazolium salt was reduced 
biologically to a red product due to the presence of active 
organisms, the MIC values were determined as the concentrations 
in the last wells in which no color change was observedafter 
adding the INT indicator. A reddish-pink color indicated bacterial 
growth20. 
 
Antioxidant Properties 
 
The methanol extract of P. graveolens antioxidant activities were 
evaluated by the following established procedures such as 2,2-
diphenyl-1-picrylhydrazyl (DPPH) assay, 2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid (ABTS•+), Reducing power 
assay, total antioxidant capacity (TAC) and lipid peroxidation 
inhibitory assay. Quercetin and Gallic acid were used as positive 
controls. 
 
DPPH Radical Scavenging Activity Assay 
 
Antioxidant activity of methanol extract was determined using 
DPPH assay adopted17,21. DPPH (2,2-Diphenyl-1-Picrylhydrazyl) 
is stablenitrogen-centered free radical, with deep violet color 
giving absorption within 515-528 nm range. DPPH assay is based 
on the ability of DPPH radical to react with H2 donor species, 
mainly phenols. Upon receiving proton from extract constituent, 
the color of DPPH solution fades and changes to yellow. 
Percentage DPPH scavenging activity increases as the 
concentration of phenols increases. 1.97 mg of DPPH (2,2-
Diphenyl-1-Picrylhydrazyl) was dissolved in 100 mL methanol in 
order to obtain a 0.05 mM concentrations. Ascorbic acid and 
gallic acid stock solution of concentration 20 µg/mL was prepared 
in distilled water, and further dilutions were made to obtain 0.1-1 
µg/mL. The resulting mixture was kept in the dark for 30 minutes, 
and absorbance was recorded at 517 nm. The % inhibition was 
measured using the formula below; 
 

%	Inhibition = (UVW	;<	D;NC@;OXUVW	;<	:9GHO>)
UVW	;<	D;NC@;O

		X 100% …..(3) 
 
ABTS Assay 
 
The assay of the ABTS: 2,2ʹ-azinobis-(3-ethylbenzothiazoline-6-
sulfonic acid) scavenging ability of the plant extracts, the method 
described by was adopted with slight modification17,18. The 

working solution was prepared by mixing two stock solutions of 
7 mM ABTS solution and 100 mM potassium per sulfate solution 
in equal amounts (1:1) and raising the volume to 10 mL with 
distilled water. The solution was stored in a dark bottle in a 
refrigerator for 48 h, it was further diluted with phosphate buffer 
solution (0.05 M, pH 6.8) to an absorbance of 0.8577 at 734 nm 
using a spectrophotometer. Test samples (500 µL) were allowed 
to react with the ABTS+ solution (3.7 mL), followed by 
absorbance reading at 734 nm. The ABTS scavenging capacity of 
the methanol extract was compared with that of ascorbic acid and 
gallic acid (standards). All test and analysis were carried out in 
triplicate and the results obtained were averaged. The percentage 
inhibition was calculated as ABTS radical scavenging activity 
using the following equation: 
 

%	Inhibition = (UVW	;<	D;NC@;OXUVW	;<	:9GHO>)
UVW	;<	D;NC@;O

		X 100% …….(4) 
 
 
Reducing Power Assay 
 
The reducing power assay of the extract was measured following 
a reported method with slight modification22. In brief, a test tube 
containing 2.5 mL plant extract (1 mg/mL in acetone), 2.5 mL 
sodium phosphate buffer (0.2 M, pH 6.6), and 2.5 mL potassium 
ferricyanide (1% w/vin distilled water) were mixed and vortexed. 
The mixture was then incubated in a water bath for 20 min at 
50°C. After which, 2.5 mL trichloroacetic acid (10% w/v in 
distilled water) was added, and the mixture centrifuged at 650 
rpm for 10 min. The clear supernatant (5 mL) was taken into a 
test tube and 5 mL of distilled water and 1 mL ferric chloride 
(0.1% w/v in distilled water) solution were added and vortexed. 
Absorbance was measured at 700 nm. Blank for each solvent was 
run using the same procedure but replacing the plant extract with 
an equal volume of solvent. Gallic acid was used as the positive 
control, while the total reducing power is expressed as milligram 
of QE/g. 
 
Total Antioxidant Capacity (TAC) 
 
The TAC of methanolic extract of P. graveolens leaf was 
evaluated using the phosphomolybdate assay with slight 
modification as reported in the literature by Jan et al23. In order 
to obtain a homogeneous mixture, about 0.25 mg of plant extract 
was dissolved in 1 mL of warm methanol. A stock solution of 
quercetin (1 mg/mL) was also prepared in methanol; from which 
further dilutions were obtain ranging from 0.8 mg/mL to 0.2 
mg/mL. In a vial, 0.3 mL extract solution was mixed with3 mL 
phosphomolybdate reagent obtained by mixing 0.6 M sulfuric 
acid, 28 mM sodium phosphate, and 4 mM ammonium 
molybdate. The vial was then covered and incubated at 95°C for 
90 min. The mixture was then allowed to reach ambient 
temperature, and the absorbance then recorded at 765 nm. Blank 
was prepared using the same procedure. The total antioxidant 
capacity of the methanolic extract was reported as mg QE/g. 
 
Lipid Peroxidation Inhibitory Assay 
 
The methanol extract was also evaluated for its lipid peroxidation 
inhibitory activity via a described procedure24. In a pre-cleaned 
test tube, 100 μL of 5 mg/mL methanolic extract solution, 2.4 mL 
phosphate buffer and 2.5 mL linoleic acid emulsion (obtained by 
mixing 155 μL linoleic acid and 175 μg Tween-20 in 50 mL 
phosphate buffer at 0.05 mM and pH 6.8) were added and 
vortexed. The obtained mixture was then incubated for 30 min 
at37°C and stored for 10 days in the dark. At a time, interval of 
24, 48, 72, 144 and 192 h, 100 μL of the mixture was taken and 
mixed with 3.7 mL ethanol and 100 μL of 20 mM ferrous chloride 
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solution in 3.5% HCl. The contents were vortexed for 10 min 
before the addition of 100 μL potassium thiocyanate solution 
(30% in distilled water). The absorbance of the resulting clear 
solution and blank was read at the wavelength 500 nm. The 
kinetics of the lipid peroxidation inhibition was determined from 
the pseudo-first and pseudo-second-order models as outlined in 
the equations 5 and 6, respectively. 
 

log(Y − X) = log Y − ] ^_
`.bcb

d t ……..(5) 
 

C
e
= 	 f

^ghg
	+ 		 C

h
 ……………….(6) 

 
Where Y= untreated medium absorbance at a given time; t = time of 
evaluation; X = extract treated medium absorbance at a given time;  

k1 and k2 are the rate constants for pseudo-first and second-order 
kinetics, respectively 

 
Cell Line 
 
A human keratinocyte cell line HaCaT obtained from Cellonex 
(Johannesburg, South Africa) was grown and maintained in cell 
culture medium consisting of Dulbecco’s Modified Eagle’s 
Medium supplemented with 10% fetal bovine serum (Sigma-
Aldrich Johannesburg, SA) and antibiotics (10 mg/mL 
streptomycin and 10,000 U/mL penicillin G) at 37°C in a 5% CO2 
incubator (ESCO, Horsham, PA). The culture medium was 
replaced with fresh medium every 3 days until the cells were 80% 
confluent. The cells were washed, trypsinized, and prepared for 
the cell proliferation assay. 
 
Cell Proliferation Assay 
 
The proliferation activity of P. graveolens methanol extract on 
the human keratinocytes was evaluated using the Cell Titer® 
Blue Cell Viability Assay (Promega, Cat. No. G8081) following 
the manufacturer’s instructions with few modifications. The 
HaCaT cells were plated in a 96-well tissue culture plate at a 
concentration of 1×104 cells/mL by adding 200 μL per well to 
complete cell culture medium and then incubated at 37°C in a 5% 
CO2 humidified incubator. After 48 h of incubation when 
confluence had reached 80%, the media was aspirated off and 
replaced with fresh media (200 μL) containing methanol extracts 
(dissolved in 0.75% of DMSO) of different concentrations (1, 25, 
250, 100, 250, 500, 1000 µg/mL). Four control groups were set 
up consisting of cell culture medium only (negative control to 
determine the background absorbance); medium with 0.75% 
DMSO (used as solvent for the extracts); untreated cells (vehicle 
control); cell treated with hydrogen peroxide (H2O2) (used as 
negative control). The cells were incubated for different time 
intervals (24, 96, and 168 h) at 37°C, 5% CO2 after treatment. 
After incubation period, 20 μL/well of Cell Titer® Blue Reagent 
was added to each well containing the remaining culture medium. 
The plate was then agitated for 10 s and incubated at 37°C for 4 
h in a humidified 5% CO2 incubator. At the end of each 
incubation period, 50 μL supernatant was transferred to a new 96-
well plate for lactate dehydrogenase (LDH) assay. Thereafter, 20 
μL/well of Cell Titer® Blue Reagent was added to the remaining 
culture medium in each well, and the plate was then agitated for 
10 s and incubated at for 4 h at 37°C with 5% CO2 humidified 
incubator. Subsequently, 100 μL medium containing Cell Titer® 
Blue reagent was transferred into a96-well micro titre plate, and 
the absorbance of the dissolved resorufin dye read at 570 and 600 
nm using an EPOCH 2 (Bio Tek, Vermont) plate reader. The 
stained plates were then after, used to evaluate the number of 
attached cells using crystal violet assay. 
 
 

Cell Viability Assay 
 
Crystal violet assay was used to assess the viability of the HaCaT 
cells in the presence of the extract by further examining the 
previously stained HaCaT cell plates. The remaining cell culture 
media were aspirated, and then the 96-well plates were washed 
twice using distilled water. Afterward, about 50 μL of 0.5% 
crystal violet dye was added to each well, and the plates incubated 
at 20°C for 20 min in a bench rocker with a frequency of 20 
oscillations/min. After incubation the plate was inverted and 
washed four times with distilled water and air-dried at 25°C for 
24 h. To the air-dried plate, 200 μL of methanol was added to 
each well for reconstitution and the plate was incubated for 20 
min at 25°C. Thereafter, the absorbance was recorded at 570 nm. 
 
Lactate Dehydrogenase (LDH) Assay 
 
The 96-well micro titre plates obtained from the proliferation 
study were evaluated further to determine the effect of P. 
graveolens methanol extract on the cell membrane of HaCaT cell 
lines using the LDH release assay. The LDH assays consisted of 
two control groups, the first, which consist of medium from cells 
that had been treated with 10 μL of ultrapure water, known as 
spontaneous LDH release, and the second, consisting of medium 
from cell previously treated with 10 μL of lysis for buffer 
maximum LDH release. To each of micro titre plate well, 50 μL 
of the reaction mixture was added and incubated for 30 min at 
25°C. Once the incubation time had lapsed, the solution was 
added immediately and recorded 490 and 680 nm without 
bubbles. 
 
GC-MS Analysis  
 
The model of the GC-MS used for mass spectral identification of 
the methanol extracts was an Agilent 6980N Network GC System 
with auto sampler, Detector Agilent 5973 inert, Mass Selective 
Detector (MSD). The capillary column (30 m x 0.25 mm x 0.25 
µm film thickness) was fitted with J and W Scientific, HP-5 5% 
phenylmethylsiloxane capillary column (HP-5MS). The oven 
temperature was initially maintained at 50ºC for 5 min and then 
programmed to 250 ºCat 5ºC min-1. The carrier gas used was 
helium (99.999%), at a flow rate of 1 mL/ min, and an injection 
volume of 1 µL was employed (split ratio of 10:1). The electron-
impact ionisation of the mass spectrometry was operated at 
electron energy of 70 eV. Mass spectra were taken at 70 eV, a 
scan interval of 0.5 seconds and fragments from 40 to 450 Da. 
The constituents were identified based on the RT values using the 
NIST. 
 
Identification of Phytocompounds 
 
Interpretation of the mass spectrum of GC-MS was conducted 
using the database of National Institute Standard and Technology 
(NIST11) and WILEY 8 which consists of more than 62,000 
patterns. The spectrum of the unknown component was compared 
with the spectrum of the known component inherent in the NIST 
11 and WILEY 8 library25. The name, molecular weight and 
structure of the components of the test constituents were 
determined and tabulated.   
 
Statistical Analysis 
 
All the analysis was carried out at least 3 times (n = 3); the 
optimization studies were accomplished using Design-Expert 
Version: 11.0.6.0 (Stat-Ease, Inc., Hennepin, MN). The statistical 
mean ± SD was calculated using Origin Lab EULA: Origin Pro 
2015 (Northampton, MA01060 USA). 
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Table 1: Independent variables, the coded and actual values used for optimization 
 

Independent variable Units Symbol Coded levels 
-1 0 1 

Mass g A 0.5 1.75 3.0 
Agitation speed rpm B 100 150 200 

Contact time h C 12 18 24 
Solvent volume mL D 50 75 100 

Table 2: The actual responses and predicted values for Y%, TPC, and TFC of methanol Pelargonium graveolens LʼHér leaf extracts 
using BBD 

 
Runs Coded Response effect (%Y) Respone TPC MeOH 

(mg/g GAE) 
Response TFC 

MeOH (mg/g QE) 
A B C D Actual Predicted Actual Predicted Actual Predicted 

1 0.000 0.000 0.000 0.000 10.36 10.61 43.64 42.88 2.743 2.688 
2 1.000 -1.000 -1.000 -1.000 11.12 11.55 42.86 40.63 4.276 4.217 
3 0.000 0.000 -1.000 0.000 21.88 21.05 34.15 36.37 3.067 2.880 
4 0.000 1.000 0.000 0.000 9.880 9.476 52.54 50.59 3.276 3.017 
5 -1.000 -1.000 1.000 -1.000 7.840 7.882 47.87 45.66 3.520 3.786 
6 0.000 0.000 0.000 0.000 10.36 10.011 43.64 41.68 2.743 2.686 
7 -1.000 -1.000 -1.000 -1.000 1.983 1.611 25.38 23.91 6.141 6.048 
8 1.000 0.000 0.000 0.000 12.40 13.31 59.51 56.00 3.833 3.925 
9 -1.000 1.000 1.000 -1.000 11.12 10.97 47.87 46.97 2.176 1.983 

10 1.000 1.000 1.000 1.000 16.12 16.31 35.54 34.81 2.494 3.511 
11 1.000 1.000 1.000 -1.000 8.740 8.422 35.54 34.81 2.494 3.511 
12 -1.000 1.000 -1.000 -1.000 16.26 17.16 36.71 39.23 4.346 4.389 
13 -1.000 -1.000 1.000 1.000 22.56 23.01 29.61 30.49 2.049 2.880 
14 1.000 -1.000 1.000 1.000 33.74 33.42 49.59 46.54 6.276 6.160 
15 -1.000 0.000 0.000 0.000 3.783 2.756 44.11 47.46 2.783 2.941 
16 0.000 0.000 1.000 0.000 21.06 21.77 49.78 47.44 2.364 2.880 
17 -1.000 1.000 -1.000 1.000 1.451 1.239 39.96 35.95 4.397 4.767 
18 -1.000 -1.000 -1.000 1.000 4.127 5.016 2.732 2.899 2.703 2.542 
19 1.000 -1.000 -1.000 1.000 29.06 28.67 30.66 32.14 4.222 4.086 
20 1.000 1.000 -1.000 -1.000 28.84 27.85 40.53 40.24 2.606 2.763 
21 0.000 0.000 0.000 0.000 10.36 11.02 43.64 41.33 2.743 3.210 
22 0.000 0.000 0.000 0.000 10.36 10.41 43.64 43.95 2.743 3.337 
23 0.000 0.000 0.000 1.000 11.16 9.476 29.58 28.73 4.518 4.390 
24 0.000 -1.000 0.000 0.000 9.487 9.476 39.43 41.25 2.485 2.699 
25 1.000 1.000 -1.000 1.000 24.46 24.99 47.87 47.28 7.296 6.947 
26 0.000 0.000 0.000 -1.000 2.001 3.450 30.96 31.68 3.114 3.198 
27 0.000 0.000 0.000 0.000 10.36 10.42 43.65 43.72 2.743 2.766 
28 1.000 -1.000 1.000 -1.000 5.56 5.232 44.58 49.19 4.437 4.161 
29 0.000 0.000 0.000 0.000 10.36 9.882 43.65 44.12 2.743 2.841 
30 -1.000 1.000 1.000 1.000 5.969 6.115 47.87 47.55 4.101 4.076 
TPC = Total phenolic content, %Y = Percentage yield of methanol extract, TFC = Total flavonoid content, MeOH = Methanol, 

BBD = Box–Behnken design, QE = Quercetin equivalent, GAE = Gallic acid equivalent 
 

Table 3: The fitted models for crude yield, TPC, and TFC and the coded units (A, B, C, and D) 
 

Responses Second‑order polynomial equations p-value R2 Adjusted 
R2 

Lack of 
fit 

%Y 10.42 + 5.275xA - 0.1466xB - 0.3594xC + 3.066xD – 
3.312xAC +3.263xAD -3.279xBC - 4.996xBD + 2.764xCD – 2.391x A2 + 

10.99x C2 - 3.902x D2 

< 0.0001 0.9943 0.9890 1.190 

TPC (mg 
GAE/g) 

43.72 +4.272xA + 4.669xB + 5.539xC - 1.476xD - 3.919xAB –3.298xAC + 
3.131xAD - 3.497xBC + 4.440xBD +8.015x A2 – 13.51xD2 

< 0.0001 0.9621 0.9267 1.214 

TFC (mg 
QE/g) 

2.766 + 0.6389xA + 0.1588xB - 0.1867xC + 0.5961xD + 0.5514xAC + 
0.9493x AD + 0.9731x BD + 0.4265x CD + 0.5201x A2 +1.029x D2 

< 0.0001 0.9873 0.9755 0.087 

TPC = Total phenolic content, %Y = Percentage yield of methanol extract, TFC = Total flavonoid content, QE = Quercetin equivalent, 
GAE = Gallic acid equivalent, mg= milligram, g= gram 

 
Table 4: Predicted and experimental values of Y%, TPC, and TFC at the optimum conditions 

 
Responses Independent variable Value 

Mass (g) Agitation speed 
(rpm) 

Contact time 
(h) 

Solvent volume (mL) Predicted Experimental 

Y% 3.00 100.00 24.00 75.00 33.41 33.37 ± 0.02 
TPC (mg GAE/g) 2.78 191.37 19.63 68.06 33.41 55.79 ± 0.16 
TFC (mg QE/g) 2.62 143.11 12.02 69.87 6.16 6.08 ± 0.03 

Mean value ± SD (n = 3), GAE = Gallic acid equivalent; QE = Quercetin equivalent, Y% = Percentage crude extract, TPC = Total phenolic content, 
TFC = Total flavonoid content 
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Table 5: Phytochemical constituents of P. graveolens methanolic extracts 
 

Chemical constituents Methanol extracts 
Alkaloids + 
Saponins + 
Sterols + 

Terpenoids + 
Flavonoids + 

Tannins + 
Phenols + 

Anthraquinones - 
Cardiac glycosides + 

Steroids + 
Present (+), Absent (-) 

 
Table 6: Scavenging activity of the optimized methanolic extract 

 
Compounds DPPH assay ABTS assay Reducing Power TAC 

IC50 (mg/mL) r² IC50 (mg/mL) r² (mg QE/g) (mg QE/g) 
Methanol extract 8.27 ± 0.28 0.9396 0.48 ± 0.89 0.8992 2.27 ± 0.03 0.35 ± 0.01 

Quercetin 3.80 ± 0.12 0.9767 0.11 ± 0.06 0.9849 0.49 ± 0.04 - 
Gallic acid - - - - 0.58 ± 0.01 0.35 ± 0.10 

(n = 3, X ± SD), IC50 - Inhibitory concentration, QE = Quercetin equivalent; DPPH = 2,2‑Diphenyl‑1‑picrylhydrazyl; 
ABTS = 2,2'-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid); DPPH; TAC = Total Antioxidant Capacity 

 
Table 7: Minimum Inhibitory Concentration (mg/mL) of the optimized methanol extract 

 
Samples Minimum Inhibitory Concentration (mg/mL 

Staphylococcus aureus Escherichia coli Enterococcus faecalis Salmonella typhi 
Extract 3.13 1.56 6.25 6.25 

Chloramphenicol 0.20 0.39 0.20 0.39 
Ampicillin - - 0.10 - 

 
Table 8: GC-MS analysis and composition of chemical compounds from the methanol extract of Pelargonium graveolens LʼHér leaf 

 
Peaks Compounds %PA MF MW M/Z RT Biological activities 

1 Aspidospermidin-17-ol, 1-acetyl-
19,21-epoxy-15,16- dimethoxy 

0.26 C23H30N2O5 414.23 128 6.35 No reported activity 

2 Glycol-D-asparagine 0.229 C6H11N3O4 189.07 161 7.12 No reported activity 
3 3,5-heptadienal,2-ethylidene-6- 

methyl 
0.65 C10H14O 150.10 150.1 7.54 Anti-inflammatory, antitumor, 

antiviral activities37 
4 Tetradecane,2,6,10-trimethyl 0.64 C17H36 240.03 112 8.85 No reported activity 
5 3,7,11,15-Tetramethyl-2- 

hexadecen-1-ol 
1.61 C20H40O 296.31 60 12.93 Anticancer, antimicrobial, anti-

diuretic, antioxidant, anti-
inflammatory38 

6 Geranyl isovalerate 2.94 C15H26O2 238.19 196 13.08 Anti-inflammatory, antioxidant, 
antiviral37 

7 Hexadecanoic acid, methyl ester 4.94 C17H34O2 270.26 89 13.77 Antioxidant, antidiabetic, 
hypocholesterolemic, 

antidrogenic, the release of insulin 
stimulation38 

8 n-Hexadecanoic acid 6.70 C16H32O2 256.24 133 14.51 Antioxidant, pesticide, 
antibacterial, antifungal, anti-

inflammatory, anticancer, 
lubricant, flavour, mosquito 

larvicide, α-reductase inhibitor34,38 
9 Trans-13-Octadecenoic acid, 

methyl ester 
12.54 C19H36O2 296.27 199 15.41 Antidiabetic39 

10 Heptadecanoic acid, 16-methyl- 
methyl ester 

2.53 C19H38O2 298.29 165 15.65 Anti-inflammatory39 

11 Ethyl 3,7,12-trihydroxycholan-24-
oate 

2.49 C26H44O5 436.32 358 22.46 No reported activity 

12 Vitamin E 3.26 C29H50O2 430.38 237 22.58 Antioxidant37 
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Figure 1: Three-dimensional graphic surface optimization of percentage crude extract versus (a) D and A, (b), C and B (c), D and C,  
(d) D and B, and (e) C and B 

 

 
 

Figure 2: Three-dimensional graphic surface optimization of total phenol content versus (a) B and A, (b) C and A, (c) D and A, (d),  
C and B (e), D and B 

 

Design-Expert® Software
Factor Coding: Actual
Methanol % yield ((g))

Design points above predicted value
Design points below predicted value
33.74

1.45143

X1 = A: Mass
X2 = D: Volume

Actual Factors
B: Speed = 150
C: Time = 18

50  
60  

70  
80  

90  
100  

  0.5
  1

  1.5
  2

  2.5
  3

-10  

0  

10  

20  

30  

40  

 %
 y

ie
ld

 (
C

ru
de

 e
xt

ra
ct

)

A: Mass (g)D: Volume (ml)

Design-Expert® Software
Factor Coding: Actual
Methanol % yield ((g))

Design points above predicted value
Design points below predicted value
33.74

1.45143

X1 = A: Mass
X2 = C: Time

Actual Factors
B: Speed = 150
D: Volume = 75

12  

15  

18  

21  

24  

  0.5
  1

  1.5
  2

  2.5
  3

0  

10  

20  

30  

40  

 %
 y

ie
ld

 (C
ru

de
 e

xt
ra

ct
)

A: Mass (g)C: Time (hrs)

Design-Expert® Software
Factor Coding: Actual
Methanol % yield ((g))

Design points above predicted value
Design points below predicted value
33.74

1.45143

X1 = B: Speed
X2 = D: Volume

Actual Factors
A: Mass = 1.75
C: Time = 18

50  
60  

70  
80  

90  
100  

  100
  120

  140
  160

  180
  200

-10  

0  

10  

20  

30  

40  

 %
 y

ie
ld

 (
C

ru
de

 e
xt

ra
ct

)

B: Speed (rpm)D: Volume (ml)

Design-Expert® Software
Factor Coding: Actual
Methanol % yield ((g))

Design points above predicted value
Design points below predicted value
33.74

1.45143

X1 = C: Time
X2 = D: Volume

Actual Factors
A: Mass = 1.75
B: Speed = 150

50  
60  

70  
80  

90  
100  

  12

  15

  18

  21

  24

-10  

0  

10  

20  

30  

40  

 %
 y

ie
ld

 (C
ru

de
 e

xt
ra

ct
)

C: Time (hrs)D: Volume (ml)

Design-Expert® Software
Factor Coding: Actual
Methanol % yield ((g))

Design points above predicted value
Design points below predicted value
33.74

1.45143

X1 = B: Speed
X2 = C: Time

Actual Factors
A: Mass = 1.75
D: Volume = 75

12  

15  

18  

21  

24  

  100
  120

  140
  160

  180
  200

-10  

0  

10  

20  

30  

40  

 %
 y

ie
ld

 (
C

ru
de

 e
xt

ra
ct

)
B: Speed (rpm)C: Time (hrs)

a 
b c 

d e 

Design-Expert® Software
Factor Coding: Actual
Total phenols methanol (mg/g GAE)

Design points above predicted value
Design points below predicted value
59.4967

2.732

X1 = A: Mass
X2 = B: Speed

Actual Factors
C: Time = 18
D: Volume = 75

100  
120  

140  
160  

180  
200  

  0.5
  1

  1.5
  2

  2.5
  3

0  

10  

20  

30  

40  

50  

60  

To
ta

l p
he

no
lic

 c
on

te
nt

 (G
AE

 m
g/

g)

A: Mass (g)B: Speed (rpm)

Design-Expert® Software
Factor Coding: Actual
Total phenols methanol (mg/g GAE)

Design points above predicted value
Design points below predicted value
59.4967

2.732

X1 = A: Mass
X2 = D: Volume

Actual Factors
B: Speed = 150
C: Time = 18

50  
60  

70  
80  

90  
100  

  0.5
  1

  1.5
  2

  2.5
  3

0  

10  

20  

30  

40  

50  

60  

To
ta

l p
he

no
lic

 c
on

te
nt

 (G
AE

 m
g/

g)

A: Mass (g)D: Volume (ml)

Design-Expert® Software
Factor Coding: Actual
Total phenols methanol (mg/g GAE)

Design points above predicted value
Design points below predicted value
59.4967

2.732

X1 = A: Mass
X2 = C: Time

Actual Factors
B: Speed = 150
D: Volume = 75

12  

15  

18  

21  

24  

  0.5
  1

  1.5
  2

  2.5
  3

0  

10  

20  

30  

40  

50  

60  

To
ta

l p
he

no
lic

 c
on

te
nt

 (G
AE

 m
g/

g)

A: Mass (g)C: Time (hrs)

Design-Expert® Software
Factor Coding: Actual
Total phenols methanol (mg/g GAE)

Design points above predicted value
Design points below predicted value
59.4967

2.732

X1 = B: Speed
X2 = C: Time

Actual Factors
A: Mass = 1.75
D: Volume = 75

12  

15  

18  

21  

24  

  100
  120

  140
  160

  180
  200

0  

10  

20  

30  

40  

50  

60  

To
ta

l p
he

no
lic

 c
on

te
nt

 (G
AE

 m
g/

g)

B: Speed (rpm)C: Time (hrs)

Design-Expert® Software
Factor Coding: Actual
Total phenols methanol (mg/g GAE)

Design points above predicted value
Design points below predicted value
59.4967

2.732

X1 = B: Speed
X2 = D: Volume

Actual Factors
A: Mass = 1.75
C: Time = 18

50  
60  

70  
80  

90  
100  

  100
  120

  140
  160

  180
  200

0  

10  

20  

30  

40  

50  

60  

To
ta

l p
he

no
lic

 c
on

te
nt

 (G
AE

 m
g/

g)

B: Speed (rpm)D: Volume (ml)

a b c 

d e 



Daniel	M.	Makanyane	et	al.	Int.	Res.	J.	Pharm.	2019,	10	(9)	

 

66 

 
 

Figure 3: Three-dimensional graphic surface optimization of total flavonoid content versus (a) D and B, (b) D and C 
 

 
Figure 4: Lipid peroxidation inhibitory activity of extract and the positive controls as a function of time (n = 3) 

 

 
 

Figure 5: (a) pseudo-first, (b) second-order kinetics for the lipid peroxidation inhibitory models 
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Figure 6: Percentage (a) cell viability and (b) surviving attached cell of the HaCaT cells stimulation with methanol extract at 1, 25, 50, 100, 
250, 500 and 100 μg/mL for 1, 4, and 7 days. The untreated cells were observed as the negative control, whereas the H2O2 served as a positive 

control 

 
 

Figure 7: Percentage (%) cytotoxicity of the HaCaT cells stimulation with methanol extract at 1, 25, 50, 100, 250, 500 and 1000 μg/mL for 1, 
4, and 7 days. The untreated cells were observed as the negative control, whereas the H2O2 served as a positive control 

 
 

Figure 8: GC-MS chromatogram of the methanolic leaf extract of Pelargonium graveolens LʼHér 
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RESULTS AND DISCUSSION 
  
Fitting of the Model and Analysis of Variance   
 
The quadratic polynomial equations for the relationship between 
the responses andthe four independent variablesas identified by 
factors expressed in BBD for the determination of yield (Y), total 
phenolic content (TPC), and total flavonoid content (TFC) were 
evaluated spectrophotometrically and reported aspercentage (%), 
mg gallic acid and QE/g of sample, respectively. The linear 
termsmass (A), the speed of agitation (B), time of extraction (C) 
and volume of the solvent (D), followed the second-order terms 
of each model as A2, B2, C2, and D2. The interactions of this 
variable for each model were statistically arranged as AB, AC, 
AD, BC, BD, and CD. The results of the predicted and actual 
responses for the 30 runs according to the experimental design are 
presented in Table 2. The crude extract yield ranged from 1.451% 
to 33.74% on dry weight mass, and the maximum yield was 
obtained on the 14th run under the experimental conditions of A = 
3.0 mg, B = 100 rpm, C = 24 h, and D = 100 mL. The maximum 
yield obtained for the TPC and TFC on the 8th and 10th runs was 
from 2.732 to 59.51 mg GAE/g and 2.049 to 8.276 mg QE/g, 
respectively, at an experimental conditions of A = 3.00 mg, B = 
150 rpm, C = 18 h, and D = 75 mL for TPC; and A = 3.00 mg, B 
= 200 rpm, C = 24 h, and D = 100 mL for TFC. 
 
The generated model fitting through the multiple linear regression 
by the exclusion of insignificant terms suggested at (p > 0.05) 
from each model of the second-order polynomial equations 
produced higher R2 or predicted R2 for methanol extraction for 
the estimation of %Y, TPC and TFC contents are shown in     
Table 3. 
 
Effect of Independent Variables Optimization on the Studied 
Responses 
 
The observed response of the independent variables (A, B, C, and 
D) for methanol extraction model on %Y, TPC, and TFC is 
reflected through the three-dimensional (3D) surface plot, 
obtained by maceration as shown in Figures 1-3. The linear 
contact time (C) influences the %Y, the quadratic speed of 
agitation (B2) followed by the interaction effect of the mass of 
plant material and agitation speed (AB). TPC is influenced by the 
quadratic agitation speed (B2), followed by the interaction effect 
of the volume of solvent and contact time (CD) and the quadratic 
contact time (C2). Nevertheless, the extraction of TFC is 
dependent on quadratic agitation speed (B2), followed by the 
quadratic contact time (C2), the interaction effect of the mass of 
plant material and agitation speed (AB) and the interaction effect 
of the agitation speed and contact time (BC). 
 
Verification of Results 
 
The recommended optimum conditions was used to verify the 
appropriateness of the model equations for predicting the 
optimum responses. There was an agreement between the 
experimental values and the predicted ones (Table 4). The 
methanolic extracts obtained were allowed to air-dry before being 
used for further biological evaluation. The predicted and the 
actual values for the extraction design variables as well as the 
percentage yields given in Table 4 were obtained from the 
maceration extraction process using methanol as solvent. The 
quality of the models and p-value based on the coefficients of 
regressionsign posted the appropriateness of the models to predict 
accurately the variations (Table 2). Additionally, the coefficient 
of variance (CV) for the responses is small (≤ 7.00%) and within 
satisfactory range. This is an indication of a slight variation in the 
mean value and acceptable suitability of the developed models. 

The appropriateness of the models was measured using the 
statistical coefficient of r2 ≥ 0.9621.  
 
The coefficient of determination R2 and adjusted R2 for each 
model that was used to evaluate adequacy and accuracy, have 
been found with the difference less 0.2 this is an indication that 
these values are in reasonable agreement with each other. The 
adequate precision which measures signal to noise ratio which 
must be greater than 4. Thus, found to possess adequate signal 
indicating that each model can be used to navigate the design 
space. The lack of fit for each quadratic model from the response 
factors of methanol at p < 0.05 for %Y, TPC and TFC were 
insignificant, indicating that this model is accurate to predict 
relevant responses and can, therefore, be used strengthen the 
accuracy of each model. 
 
Effect of Extraction Time, the Volume of Solvent, the Speed 
of Agitation and Mass fine plant on the Extraction of TPC, 
%Y and TFC of P. graveolens  
 
In this study, the evaluation of four independent variables was 
performed in triplicates resulting in 30 observations with three 
responses. For each extraction model, the goal was to maximize 
the %Y, TPC and TFC from methanol extraction as solvents. The 
optimum extraction conditions for each model with predicted 
values are listed in Table 4, whereby the percentage yield, total 
phenols and total flavonoids content from methanol extracts were 
found to be 33.41%, 56.28 mg GAE/g, and 6.164 mg QE/g 
respectively. 
 
The phenolic content for methanol extraction was found to be 
higher than that of flavonoids contents. This might be due to the 
differences in extraction nature of phytochemical compounds 
because it has been reported that methanol possesses the capacity 
to extract compounds with lower molecular weight whereas 
solvents such as acetone can extracts compounds with higher 
molecular weight7-9. The compounds with lower molecular 
weight are referred to as extractable poly phenols while those with 
higher molecular weight are regarded as non-extractable 
polyphenols.7 
 
Maceration is a process of extraction whereby a plant material is 
soaked in a specific solvent over a period until the cellular 
membrane structure is denatured by the solvent to enhance a 
release of soluble extractable and non-extractable bio-
constituents which are simultaneously stabilized by the solvent7-

9. In view of Table 3 and Figures 1-3, the obtained data suggest a 
positive effect and negative effect of solvent volume during the 
interactions with other variables (mass, speed and time) as 
denoted by the response surface indicating an increase in the %Y, 
TPC, and TFC on methanol extraction.  
 
The results revealed that higher solvent volume increases the 
cavitation effect during extraction, which agrees with mass 
transfer principle leading to higher diffusion gradient as driving 
force due to lower solid mass to varying solvent volume26. The 
other important factor is the polarity index and dielectric effect of 
the solvent that exists and contributes to swelling of the cell 
membranes, and bond breaking between primary and secondary 
metabolites such as, polysaccharides-phenols27. However, a 
further increase in the volume of the solvent did not show a 
significant increase in the yield. 
 
The speed of agitation was found to be significant (p < 0.05) 
which contributed to the increase in the yield of the bio-
constituents of P. graveolens during extraction with methanol. 
Following the literature reports, the effect of agitation was found 
to be physical and chemical, which indicated that an increase in 
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agitation speed increased constituent recovery28. This 
phenomenon was found to be consistent with postulated 
extraction mechanism by West and Kempe29, possibly being the 
breaking of bonds between primary (proteins)-secondary 
metabolites (phenols) that may be explained by the theory of 
collision. This is due to energy produced called activation energy 
necessary to break bonds that is very infinitesimal during 
agitation or stirring upon collision of particles29. 
 
The effect of mass and contact time during methanol extraction 
were also found to be significant (p < 0.05). As a known fact, 
increase in mass of the plant material increases the bio-
constituents yield because the more of particulate plant material 
in the solution/solvent, the more compounds are made available 
for extraction. With regards to time extraction, it was observed 
from Figures 1-3, the content of %Y, TPC and TFC increased 
after 12 h time extraction then suddenly decreased after 18 h time 
extraction. This could be explained by two possible extraction 
mechanism which is firstly the dissolution of soluble compounds 
called the ‘‘washing’’ process. Secondly ‘slow extraction’; 
whereby in this step there is a mass transfer of the solutes from 
plant matrix into the solvent by diffusion and osmotic process26. 
 
These two occurrences of extraction observed in Tables 2 and 4, 
in the beginning, it is the washing process, and then after 12 h of 
extraction, the slow extraction takes place, where 24 hrs 
extraction time was referred to as the optimum. From the results, 
optimum was reached after 18 h time extraction, then the sudden 
decreases as shown in Figures 1-3, this phenomena can be 
explained with reference to Fick’s second law of diffusion. It 
states that after a certain time of extraction there is no significant 
increase in the yield because, the final equilibrium has been 
reached between the solids concentration from plant matrix and 
in those in solution30. 
 
Phytochemical Screening of P. graveolens Leaf Extract 
 
The results of the preliminary phytochemical screening of the P. 
graveolens leaf extract as presented in Table 5 indicated the 
presence of alkaloids, sterols, terpenoids, flavonoids, tannins, 
phenols, steroids, cardiac glycosides and saponins. However, the 
extract showed no presence of anthraquinones. Largest and most 
abundant groups of plant metabolites: phenolic compounds, was 
found in the leaf extracts of P. graveolens16,17. Detected class of 
chemical from the methanolic extract is due to high polarity of 
methanol, which plays an important role in the high number of 
bioactive constituents’ extraction. Methanol is able to achieve 
this because of its ability to degrade the cell membrane of plant 
cells during extraction.31 The extract sample with phenolic and 
flavonoids compounds is an indication of biological properties 
such as cardiovascular protection, anti-atherosclerosis, 
improvement of endothelial function likewise inhibition of 
angiogenesis and cell proliferation activities17,31. The presence of 
alkaloids in the leaf extract suggests anti-inflammatory, 
analgesic properties and an increase in the potential for disease 
resistance and stress18. 
 
Antioxidant Effect of the Optimized P. graveolens Extract 
 
In this study, DPPH, ABTS scavenging and ferric reducing power 
in vitro assays was used to measure the free radical scavenging 
activity of methanol extract from P. graveolens, due to their stable 
hydrogen/ electron donating ability. The extracts activity was 
compared according to percentage inhibition and IC50 which is 
the of the concentration of antioxidant used to reduce 50% of the 
free radical activity with r2 ≥ 0.8992, and the results are listed in 
Table 617,18. 
 

The increase in antioxidant activity of methanol extract and 
standards can be attributed to donation and receiving of protons 
or electrons from free radicals by delocalized unpaired electrons. 
This mode of antioxidant action is often described to the presence 
of polyphenols such as flavonoids and phenolics as confirmed by 
classical complexation methods, in which their overall contents 
was optimised by RSM shown in Tables 4. Additionally, the free 
radical scavenging activity of phenolics and flavonoids depends 
on concentration as a basis of antioxidant screening as well as the 
presence of 3-OH32. 
 
In the case of DPPH reaction system, methanol extract as 
antioxidant exhibited lower scavenging activity compared to 
quercetin (3.80 ± 0.12 mg/mL) (standard). The IC50 values of the 
tested compounds listed in Table 6. The DPPH radical scavenging 
activity can thus be ranked in the order quercetin > methanol 
extract. In the reaction system of ABTS assay, the anti-radicals 
release from quercetin was very pronounced with an IC50 value 
of 0.11 ± 0.06 mg/mL, followed by methanol extract (0.48 ± 0.89 
mg/mL), as shown in Table 6. The ABTS radical scavenging 
ability can thus be ranked in the order quercetin > methanol 
extract. Studies have shown that most scavenging processes are 
accomplished via proton or electron donation to the unstable 
radicals32. The effective activity of the extract against ABTS•+ and 
weak DPPH radical activity (IC50), suggest an alternative 
scavenging mechanism of the studied extract. Moreover, the 
methanol extracts scavenged the DPPH and ABTS radical in a 
concentration-dependent manner26,27. However, the efficient 
activity againstABTS•+ and weak anti-DPPH radical activity is 
evocative of a substitute scavenging mechanism of the methanol 
extract of P. graveolens. This is further supported by the fact that 
most scavenging processes are accomplished either by electron or 
proton donation to unstable radical, as reported by various 
studies18,20. 
 
The presence of reducing agents in the extract triggered the 
reduction of the Fe3+/ferricyanide complex to the Fe2+. The 
extract exhibited low reducing power (IC50 = 2.27 ± 0.03 mg/mL) 
compared to those of the standards: Quercetin (IC50 = 0.49 ± 0.04 
mg/mL) and gallic acid (IC50 = 0.58 ± 0.01 mg/mL). The controls 
showed a significant reducing power compared to the extract and 
can be ranked: quercetin > gallic acid > methanol extract.  
 
Total antioxidant capacity (TAC) of the extract was investigated 
based on the reduction of molybdenum (VI) by electron transfer 
to a green phosphomolybdate (V) complex. The extract and gallic 
acid (control) both showed closely related electron donating 
potential of 0.35 ± 0.10 mg QE/g and 0.35 ± 0.10 mg QE/g, 
respectively (Table 6). The phenolic (56.28 mg GAE/g) and 
flavonoids (6.16 mg QE/g) contents gave an indication of the total 
antioxidant activity.  
 
Lipid Protective Activity  
 
The lipid peroxidation assay for the capacity of the optimized 
methanolic extract of P. graveolens to protect linoleic acid from 
auto-oxidation was investigated and the result is presented in 
Figure 4. Experimentally, the radicals produced during the auto-
oxidation of linoleic acid enhance the ferrous oxidation of the 
reagent ions to ferric ions. The subsequent ferric ions 
instantaneously form a complex with thiocyanide ions within the 
system and this is monitored spectrophotometrically at 500 nm24. 
The lipid peroxidation inhibitory process was studied kinetically 
by measuring the concentration of the ferrous ions produced at a 
given time. The parameters obtained were fitted into pseudo-first 
and second-order models giving r2 values of 0.8707 and 0.9950 
respectively (Figure 5). Over the studied period (192 h), the lipid 
protective activity of the methanol extract improved with time 
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and showed comparable activity with the controls at 144 h. High 
concentration of the ferrous ion corresponds to the low 
absorbance obtained over the study periods. During the initial 
auto-oxidation reaction, and the incessant deterrence of further 
reaction between linoleic acid and oxygen, may result from the 
ability of the lipid inhibitory agents to neutralize the radical 
formed24. 
 
Antibacterial activity of the Optimized Extract 
 
The antibacterial activity of methanol extract of Pelargonium 
graveolens LʼHér leaf was evaluated against S. aureus, E. coli, E.  
faecalis and S. typhi using micro-dilution assay for the MIC 
values against the bacterial strains, and the results presented in 
Table 7. Results from the antimicrobial screening indicated that 
the extract has good to moderate activity against the tested 
microorganisms compared to the controls. Neomycin was used as 
a positive control, and distilled water was used as a negative 
control. 
 
The in vitro antibacterial activity of the methanol extract was 
observed to be 6.25 mg/mL against E.  faecalis and S. typhi. The 
highest MIC value of 1.56 mg/mL was against E. coli (Gram-
negative). Also, the microorganisms studied in this study were not 
sensitive to the presence of ampicillin except on E. faecalis (MIC 
0.10 mg/mL). Nevertheless, the standards (ampicillin and 
chloramphenicol) showed potent antibacterial activity against the 
E.  faecalis compared to the extract. According to Olivier et al33, 
the antibacterial activity of crude extracts is considered 
significant with the MIC less than 0.1 mg/ml, moderate between 
(0.1-0.625 mg/ml), and low when it is above 0.625 mg/ml. 
Furthermore, pure compounds are considered significant when 
less than 0.01 mg/ml, moderate between (0.01-0.1 mg/ml), and 
low when it is above 0.1 mg/ml. Varied activity of the extract to 
the studied strains suggests that fraction possess a broad spectrum 
of antimicrobial activity. Hence, low MIC values could be a good 
source of bioactive compounds with antimicrobial strength16-18,31. 
 
The low activity displayed by the extract towards E.  faecalis and 
S. typhi could be due to its morphological constituents such as 
hydrophilic polysaccharide chains of O antigen covering the outer 
membrane of bacteria, making it more selective and sensitive to 
extract. These bacterial strains have been reported as one of the 
most problematic pathogens causing complications, life-
threatening infections in patients with compromised host defense 
mechanism9. 
 
Activities of optimized leaf extract on Cell Proliferation and 
Viability 
 
The cell proliferation and viability activity of P. graveolens 
methanol extract was evaluated via three colorimetric assays 
methods which were Alamar blue, crystal violet and LDH assay. 
Stimulation of the HaCaT cells for 1 day with the extract at 
concentrations of 1, 25 and 50 μg/mL caused a significant (p < 
0.05) decrease in cell viability (Figures 6 and 7). Crude extract at 
a concentration of 50 μg/mL resulted in a significant (4.51 ± 
3.80%; p < 0.05) decrease in cell viability compared to the 
untreated cells (100%). In comparison to the untreated cells after 
day 1, the extract administered at ≥ 100 μg/mL resulted in a 
significant (99.56 ± 3.96%; p < 0.05) reduction in cell viability. 
When the HaCaT cells were stimulated for 4 days with crude 
extract at 1 μg/mL, a significant increase was observed (136.54 ± 
4.99%), however; stimulation at 25 and 50 μg/mL, a slight 
significant effect of 128.90 ± 2.97% and 115.82 ± 3.80% on cell 
viability was observed, respectively. 
 

Stimulation of the HaCaT cells with extract for 4 days at a 
concentration of ≥100 μg/ml, a slight but non-significant effect of 
(99.99 ± 3.99%; p < 0.05) in cell viability compared to the 
untreated cells was observed (Figure 6a). After 7 days of 
stimulation with extract at concentrations of 1, 25 and 50 μg/mL 
percentage cell viability was slightly higher than that observed in 
the untreated cells with a range of 3.32–32.49%. With respect to 
the percentage survived cells stimulated with extract, the 
concentrations range of 1 to 1000 μg/mL were significantly (p < 
0.05) lower than that observed in the untreated cells for the period 
of study (Figure 6b). However, 1 day of stimulation with extract 
at a concentration of 25, 50 and 100 μg/mL resulted in a highly 
significant (p < 0.05) decrease in % cell survival compared to that 
observed after 4 days, 7 days and in the untreated cells. A highly 
significant (p < 0.05) decrease in the percentage cell viability and 
percentage cell survival for 1, 4 and 7 day(s) was observed when 
the extract was administered at concentrations of 250 μg/mL to 
1000 μg/mL in comparison to the untreated cells, respectively. 
 
The proliferative and viability studies showed that extract at low 
concentrations mainly at 1 μg/mL exhibited a significant increase 
in the number of viable (Figure 6a) and surviving attached 
macrophage cells (Figure 6b) after 4 and 7 days, respectively. 
Increase in cell viability can attribute to increase in mitochondrial 
activity emerging from the proliferation of the macrophages. This 
link between an increase in mitochondrial activity and cell 
proliferation has been conventional described in past studies. The 
stimulation of keratinocytes to proliferate and become intact 
could be due to the ability of the extracts to cause signalling 
receptors to promote cell proliferation and migration of HaCaT 
cells as well as HDFs34. 
 
The cytotoxic result presented in Figure 7, agrees with the 
proliferative and viability results. The stimulation of the cells at 
concentrations > 50 μg/mL causes the cell membrane to lysis 
rapidly on the first day, but the effect decreases significantly (p < 
0.05) over the study period compared to those of the control 
group. To enhance and support the practical use of natural 
product, study on the cytotoxic effect of these natural products 
must be conducted as way to mitigating the future effects 
associate35. In this study, the cytotoxic effect of the methanol 
extract was expressed as percentage LDH release to ascertain the 
veracity of the viable HaCaT cell membrane (keratinocytes) 
compared to the maximum release of LDH from lysis Buffer-
treated cells (Figure 7). With respect to the cytotoxic study, 
damage to the cell membrane is widely determined by LDH 
release into the culture media. The detection of LDH released 
from the lysed cell membranes is due to conversion of pyruvate 
to lactate by oxidised NAD+; an indication of a compromised cell 
membrane. In the present study, the LDH results indicated that 
the cytotoxic effect of P. graveolens methanol extracts was time-
dose dependent, the LDH increased with the increase of dose at 
250 µg/ml from day 1, 4 and 7 then, gradually decreased at 500, 
and 1000 µg/ml (Figure 7). 
 
The increase in LDH percentage is due to leakage of the cell 
membrane, then gradual decrease in LDH percentage is due to 
induced apoptosis by methanol extracts at higher concentrations, 
which presumably is an indication of low amount of cells that 
have grown in the media culture at higher concentrations, this 
occurrence was confirmed by crystal violet results where there 
was detachment of cells from concentrations at 250 to 1000 
µg/ml, i.e. stimulation of the HaCaT cells with the extracts 
reduces from 32%, 24%, to 3.5% for days 1, 4, and 7, 
respectively. This phenomenon can be attributed to binding of 
lectins from P. graveolens methanol extracts with intercellular 
junctions or extracellular cell matrix leading to structural 
alterations of the cells, on the external constituents present on the 
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surface of the HaCaT cells such as glycoproteins, integrin, which 
could also be due to the neoplastic transformation and this 
occurrence may also contribute to reduction of cell-to-cell, and 
cell proliferation adhesion substrates36. 
 
GC-MS Analysis 
 
The GC-MS chromatogram of the methanolic leaf extract of 
Pelargonium graveolens LʼHér indicated 12 prominent peaks in 
the chromatogram (Figure 8), in which the interpretation of the 
mass spectrum was conducted successfully using the database of 
National Institute Standard and Technology (NIST 11) and 
WILEY 8 library25. The active constituents with their peak, area 
(%), retention time (RT), height (%), molecular formula, 
molecular weight and biological activities are presented in Table 
8, with reference to the nature of chemical structures of the 
bioactive constituents present. The phytochemical analysis results 
were in agreements with GC-MS analysis results shown in Table 
8. The extraction of detected group of chemical classes from the 
methanol extracts of P. graveolens is due to high polarity of the 
solvent, which plays a very significant role in extraction of large 
number of bioactive constituents, which is due to the degradation 
of unpolar character of the cell membrane of plants during 
extraction31. 
 
Amongst 12 of the identified, the major compounds found were 
Trans-13-Octadecenoic acid methyl ester (12.54%) > n-
Hexadecanoic acid (6.70%), and Hexadecanoic acid, methyl ester 
(4.94%). These compounds have been found to possess various 
pharmacological activities such as antioxidant, antimicrobial and 
anti-inflammation activities as reported in the literatures34,37,38. 
Finally, the possible pharmacological action of the methanol 
extract constituents may be due to cis and trans- chiral 
arrangement of high electronegative aldehydes and alcohol 
groups. They are conjugated carbon-to-carbon inhibiting 
microbial growth and disturbing biological processes, involving 
electron transfer by reacting with nucleic acid39. The research 
further seeks to isolate and characterize the individual 
phytochemical constituents, evaluate the anti-inflammatory 
properties and anticancer activities of the methanol extracts from 
P. graveolens on other human cell lines. 
 
CONCLUSION  
 
The RSM was successfully used to optimize the extraction 
conditions of methanol constituents from P. Graveolens leaf for 
the yield, TPC, and TFC using Design-Expert version 11 
software. The mass of plant material (A), agitation speed (B), 
contact time (C), and solvent volume (D) were all important 
factors influencing the extraction efficiency. The best the optimal 
extractable crude, phenolic and flavonoids from the RSM results 
were 33.41%, 56.284 mg GAE/g, and 6.16 mg QE/g, 
respectively. combination of each model, %Y = 3.00 g, 100.0 
rpm, 24 h, 100.0 mL, TPC = 2.781 g, 191.4 rpm, 19.63 h, 68.06 
mL, TFC = 2.623 g, 143.1 rpm, 12.02 h, and 69.87 mL for 
maceration at room temperature. The RSM showed successful 
optimizations of the parameters; the obtained data provide basis 
for further investigation of methanol extracts from P. graveolens. 
The leaf of P. graveolens showed relatively low and moderate 
antioxidant and antibacterial activity which tailed with the 
traditional use of P. graveolens for oral and skin treatment. The 
GC-MS analysis of the leaf extract as part of database of bioactive 
products of natural drugs further support the medicinal 
application of the plant. The obtained results validate and inspire 
further investigation on the use of other solvent extracts of the 
plant parts, and also to comprehend the synergistic effect of the 
bioactive constituents for therapeutic roles.  
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