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1. INTRODUCTION

Skin, the outermost layer of the body that acts 
as a sensory organ is a part of the integumentary 
system that defends the body from surrounding 
environment. Epidermis, dermis and hypodermis 
are the three main layers of the skin [1]. Melanin 
naturally present in the skin is responsible for 
protection of skin from the harmful effects of sun 
[2]. Skin aging is not hazardous for a person but 
it can have negative effects on psychology of a 
person. The interaction of the skin with environment 
directly or indirectly is the main cause of premature 
ageing [3]. Photo carcinogenesis, inflammation, 
erythema, immunosuppression, pigmentation, 
photo aging, hyperplasia and vitamin D synthesis 
are certain skin responses induced by ultraviolet 
radiations (UV-R). [4]. The radiations from sun 
comprises of 50% visible light lying in the range 
of 400-800 nm, 40% infrared radiation lying in the 

range of 1300-1700 nm and 10% UV-R lying in the 
range of  100-400 nm [5-6].

The substances that absorb or block UV rays 
of sunlight are called sunscreens or sun blocks. All 
compounds used as sunscreen filter are by their 
nature and chemicals that can absorb UV‐A and / or 
UV‐B light [7].  The ideal sunscreen product should 
provide good protection throughout the whole range 
of UV spectrum, even after sunlight exposure. An 
ideal sunblock should be non-irritating, non-toxic 
and not produce any type of allergy [4]. Due to 
antioxidant power and UV-R absorption, natural 
ingredients extracted from plants have been recently 
considered as potential sunscreen resources [8]. 

The measurement of the effectiveness of 
sunblock in protecting the human skin from UV-R 
is called Sun protection factor (SPF). Table 1 shows 
various ratings of SPF. To prevent any possible 
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damage to skin by UV rays, the sunscreen products 
should have adequate SPF values and a wide range 
of absorbance between 290 to 400 nm to absorb and 
reflect enough amount of UV ray photons [10].

Nanotechnology reveals its great potential in 
the field of research and development by increasing 
the efficacy of the product. . To overcome certain 
disadvantages associated with the traditional 
products, application of nanotechnology is rising 
in the area of cosmeceuticals [11]. Because natural 
compounds are capable of attenuating some of the 
UV-induced aging effects in the skin, increased 
attention has been generated in the area of cosmetic 
sciences [12].

The substances which delay or prevent the 
oxidation of an oxidizable substrate are called the 
“Antioxidants” They may be synthetic or natural 
antioxidants. Biological systems produce the natural 
antioxidants. Natural antioxidants  are present in 
many plants including lemongrass, garlic, turmeric, 
onions, celery seed, basil, rosemary, ginseng, and 
coriander [13]. In previous studies, it was concluded 
that lemon grass has high antioxidant capacity than 
many botanicals [14] [15].

Principal compounds were analyzed by gas 
chromatography  (GC) and gas chromatography-
mass spectrometry (GC-MS) and identified as neral, 
nerolic acid, geraniol, geranic acid and geranial in 
lemongrass oil [16]. Along with other biological 
activities reported in the literature, potent tyrosinase 
inhibitory activity has been found in lemongrass. 
Geranic acid was discovered as one of the active 
substances through assay-guided purification [17] 
and percentage  values of geranic acid have been  
found to be  0.3%, 1.1%, 0.4% in various studies[18] 
[19]. As lemongrass has antioxidant potential, the 
objective of this  study was  to determine the SPF 
value of lemongrass extract as well as to make the 
sunscreen lotion of lemongrass and to check its SPF 
value.

2. MATERIALS AND METHODS

2.1 Materials

All chemicals used were of analytical grade. 
Materials used in the study were Lemongrass 
(Local market, Lahore, Pakistan), Ethanol 
(Riedel-de Haen, Germany), Salicylic acid (Local 
market, Lahore, Pakistan), DPPH(2,2-Diphenyl-
2picrylhydrazyl) (Sigma), GMS (glyceryl mono 
stearate) (Local market, Lahore, Pakistan), Cetyl 
alcohol (BDH, U.K), Silicone oil (Local market, 
Lahore, Pakistan), Glycerin (Riedel-de Haen, 
Germany), Bees wax (Local market, Lahore, 
Pakistan), Ascorbic acid (Sigma, Germany), 
Potassium hydroxide (Omicron science ltd, U.K), 
Tween 80 (Merck-Schuchardt, America), Palmitic 
acid (Sigma-Aldrich, Germany), Stearic acid 
(Daejung, Korea), Amaranth red (U.S.A) and 
Distilled water (Research lab University of Central 
Punjab, Lahore, Pakistan).

2.2 Plant collection and identification

Mature, healthy and disease-free lemongrasses 
(Cymbopogon citratus) plant grown in a nursery of 
Lahore were collected and shade-dried leaves were 
used in the present study. For the identification 
of the lemongrass, the plant was provided to 
a botanist for confirmation of its taxonomical 
classification. Voucher specimens (voucher no. GC. 
Herb. Bot.3319) were deposited in the herbarium 
maintained by Government College University 
Lahore.

2.3 Preparation of lemon grass extract

100 gm of lemon grass was weighed precisely on 
the weighing balance (Shimadzu, Japan) and then 
grinded into blender into coarse powder, which was 
then transferred to an amber, colored bottle having 
a capacity of 2.5 L. For the extraction purpose, 
ethanol and water were used as menstruum in a ratio 

Table 1. Sun Protection Factor Ratings [9]

SPF Range Effective UV- R 
transmission (%) SPF Rating Protection Category

15-24 6.7-4.2 15, 20 Good

25-39 4.1-2.6 25, 30, 35 Very Good

40-50, 50+ Less than 2.5 40, 45, 50, 50+ Excellent
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of 70:30. For the menstruum preparation, 1400 ml 
ethanol was transferred to an amber colored bottle 
after being measured in a measuring cylinder and 
then 600 ml of distilled water was transferred to the 
same bottle using a measuring cylinder. Finally, the 
lemon grass was macerated in 2 L of menstruum 
with shaking of the bottle on alternate days for a 
period of 15 days.

2.4 Filtration and evaporation of extract  

For the filtration of the lemongrass extract, Whatman 
(grade 54) filter paper was used. The volume 
obtained after filtration was then concentrated in a 
rotary evaporator (Heidolph- VAP, Germany). The 
crude extract was kept in air-tight amber bottle and 
stored at cold temperature until it was further used 
[20].

2.5 Dilution of extracts for SPF determination

For determination of SPF value, dilution was done, 
so that the final concentration obtained should be 
10,000µg/ml. 

2.6 Determination of SPF value of lemongrass 
extract

For the determination of SPF value, absorption 
spectra of the lemongrass extract was obtained in 
the range of 290nm to 320nm using the quartz cell. 
Ethanol was used as blank.

 Absorption values for the lemongrass extract 
were recorded at the wavelength ranging from 
290nm to 320nm with an interval of 5nm. Triplicate 
readings were taken for each wavelength and then 
their average was calculated which was then used 
for the determination of SPF by using the Mansur 
equation [10].
SPF = CF x 290Σ 320EE (λ) x I (λ) x Abs (λ)

Where EE - erythemal effect spectrum; I-solar 
intensity spectrum; Abs-Absorbance of sunscreen 
product; CF-correction factor (=10). The value of 
EE x I are constant and preset as shown in Table 1. 

2.7 DPPH radical scavenging capacity assay

2, 2-diphenyl-1-picryl-hydrazyl (DPPH), a stable 
free radical was used to determine the antioxidant 

activity as described previously with slight 
modification [21]. The concentration of DPPH 100 
μM in methanol was used. Total assay volume was 
100ul, containing 10 μl of the test solution and 90 
μl of DPPH solution in a 96 well plate. The contents 
were mixed and incubated at 37oC for 30 minutes. 
Synergy HT BioTek® USA microplate reader was 
used to determine the diminution in absorbance at 
517nm. Standard antioxidant used was ascorbic 
acid (100 – 1000 µg / mL). All experiments were 
carried out in triplicate. 

 The percent inhibition was determined by the 
following formula.

 Inhibition (%) = (Abs. of control – Abs. of test 
solution) / Abs. of control× 100

Where, 
 Absorbance of Control = Total radical activity 
without inhibitor.
 Absorbance of Extract = Total radical activity 
in the presence of test/standard compound [21].

2.8 Preparation of lemongrass lotion

13 trials were done to get the desired formulation as 
shown in Table 2. Different concentrations of the 
oil phase and aqueous phase were prepared to get 
the right consistency of the formulation. A selection 
criterion was designed to select the optimal dosage 
form. Method adopted for the formation of the 
desired formulation is described below. Oil phase 
i.e. glyceryl mono- stearate (GMS) and silicone oil 
were transferred to a beaker which was then placed 
in water-bath (Jiangsu Zhengji instruments CO. 
LTD, China) having a temperature of 75ºC for the 
melting of GMS and for homogeneous mixing of 
the oil phase. 

 An aqueous phase i.e. distilled water and Tween 
80 were mixed in a beaker and were heated to the 
same temperature as that of the oil phase i.e. 75 ºC. 
Finally, oil phase was added to the aqueous phase 
dropwise using a mixer SILENT CRUSHER M 
(Heidolph, Germany) for 10 minutes at 10,000 rpm 
and for further 5 minutes at 5,000 rpm until mixture 
gets cooled down. At 30 ºC, the lemon grass extract 
was added in the formulation and it was further 
homogenized by using the SILENT CRUSHER 
M (Heidolph, Germany) for 5 minutes to obtain 
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a stable formulation of the desired consistency. 
Similar procedure was followed for different trial 
formulations. 

2.9 Emulsion type confirmation

For the confirmation of O/W emulsion 1 drop of 
emulsion was mixed with 1 drop of distilled water 
on a slide and mixing was done using a tooth pick 
then a small quantity of amaranth was added to 
the slide and a smear was made and then slide was 
observed under microscope (Libomed, USA). As 
amaranth is miscible in water so the continuous 
phase would gain the color of amaranth i.e. red and 
dispersed phase i.e. oil droplets were seen against 
red background. This confirms the emulsion type 
i.e. O/W type.

2.10  Short term stability (Centrifugation   
tests)  

Centrifugal tests were employed for emulsions 
right after their preparation. Those tests were 
repeated after 1 day and 7 days of storage at the 

temperatures of 25° C and 40° C. They were 
subjected to centrifugation at 5,000 rpm and 25° C 
for 10 min by placing 10 g of sample in centrifugal 
tubes of centrifuge machine (Model: 800) [22].
Relative Amount (%) = Vo / V x 100
Vo꞊ Volume Instability Phenomenon
V꞊ Total Volume 

2.11 Thermal stress tests

Stability tests were done at different settings for 
emulsions to check the effect of these conditions 
on the stability of emulsions. These tests were 
performed on samples kept in refrigerator 
(Dawlence model # 9122M, Pakistan) at 4° C±2°C, 
room temperature at 25° C ± 2°C and in thermal 
electric thermostatic drying oven (DHG-9202, 
SANFA, China) at 40° C ± 2°C. Phase separation 
and liquefaction of emulsions were observed at 
various time intervals during 28 days. pH values of 
freshly prepared emulsions and emulsions kept at 
different conditions were determined by a digital 
pH-Meter . The pH tests were repeated after 24 
hours, 3 days, 7 days, 14 days, 21 days and 28 days 

Table 2.  Composition of different trialed formulations
Composition (% w/w)

GMS P.A B.W TW.80 S.O C.A Gly KOH S.A L.G.E Water (Q.S)
T1 1 1 - 1 - - - - - 5 100
T2 2 1 - 1 - - - - - 5 100
T3 2 2 - 1 - - - - - 5 100
T4 1 2 - - - - - - 5 100
T5 2 2 - - - - - - - 5 100
T6 5 2 1 - - - - - - 5 100
T7 5 2 - - - - - - - 5 100
T8 - - - - - 2 2 0.8 8 5 100
T9 - - 0.5 - - - 2 0.8 8 5 100
T10 - - - - - 2 2 0.8 6 5 100
T11 - - - - - 2 2 0.8 4 5 100
T12 2 - - 2 5 - - - - 5 100
T13 5 - - 2 10 - - - - 5 100
GMS= Glyceryl mono stearate. Q.S = Quantum satis
P. A= Palmitic acid.   B. W= Bees wax.   
TW.80= Tween 80.   S. O= Silicone oil. 
C.A= Cetyl Alcohol.    Gly= Glycerine.
KOH= Potassium hydroxide.   S. A= Stearic acid. 
L.G.E= Lemon Grass Extract
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of preparation [22]. Creaming property for 5 ml of 
lotion was determined by keeping it at 4° C ± 2°C, 
25° C ± 2°C and 40° C ± 2°C for a period of 28 
days and separation of solid and liquid phase was 
also observed.

2.12 Rheological studies

Since 1960’s rheological measurement has been 
becoming progressively essential to illustrate the 
“consistency” of semisolid gels, ointments and 
creams, (“so-called complex or structural fluids”), 
in a meaningful fashion [23]. Rheological profiles 
are now mandatory in numerous pharmaceutical 
and cosmetics industries. DV-III-Ultra Rheometer 
(Brookfield Engineering Lab) was used to check the 
rheological profile of the lemongrass formulation 
i.e. sunscreen lotion.

2.13 Freeze thaw test

Stability testing was done by using freeze thaw 
cycling method. The temperature was altered every 
24 hours between 25°C and -5°C for ten cycles and 
samples were observed for physical stability.  To 
check the physical stability of emulsion, its color, 
pH, liquefaction, phase separation and creamy 

texture were observed at the end of each cycle for 
10 cycles.

3.  RESULTS AND DISCUSSION

3.1 2, 2-Diphenyl-2picrylhydrazyl radical  
scavenging capacity assay

DPPH radical scavenging capacity assay was done 
to check the antioxidant potential of lemongrass 
extract. Ascorbic acid (vitamin C) was taken as 
standard. Assay indicates the antioxidant capacity 
of lemongrass extract to be 94.20% and that of 
vitamin C was 92% as shown in Table. 3. The 
results indicate that lemongrass extract possesses 
slightly more antioxidant potential as compared to 
the standard i.e. vitamin C.

3.2 Selection of the desired formulation:

For the selection of desired formulation, selection 
criteria were developed, according to which the 
most stable and suitable sunscreen formulation 
was selected for further study as shown in Table 
4. Thirteen (13) trials were performed and for the 
selection of desired one the following parameters 
were set; phase separation, sedimentation/

Table 3. Antioxidant activity of lemongrass extract in comparison with vitamin C

Compositions Antioxidant activity (%)
Lemongrass Extract 94.2

Ascorbic Acid (Vitamin C) 92

Table 4. Selection criteria of desired formulation
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creaming, liquefaction, consistency, microbial 
growth and phase inversion. T1 (trial 1) and T2 
(trial 2) were rejected due to its watery consistency, 
phase separation, sedimentation and liquefaction. 
In T3 (trial3), phase separation and liquefaction was 
observed and its consistency was watery. There was 
no physical instability observed in T4 (trial 4), T8 
(trial 8) and T10 (trial 10) but these were rejected 
due to their poor consistency - T4 was watery; T8 
and T10 were of creamy consistency. T5 (trial 5) was 
rejected due to phase separation, sedimentation, 
liquefaction and creamy consistency. In T6 (trial 6) 
and T7 (trial 7), there was visible microbial growth 
along with creamy consistency, so these were also 
rejected. In T9 (trial 9), liquefaction was observed 
along with creamy texture so it was also excluded. 
The rejection of T11 (trial 11) was due to microbial 
growth and creamy consistency while that of T12 
(trial 12) was of watery consistency along with 
phase inversion. T13 (trial 13) was selected because 
of its desired characteristics, there was no physical 
instability observed in this trial also it had the 
desired consistency of a lotion.

Creaming/sedimentation leads to phase 
separation and  often occurs due to density 
differences amongst the two phases under the 
effect of gravity [24]. From the very beginning, the 

temperature and time processes begin to contribute 
to emulsion separation, leading to a decrease in 
viscosity, and as a consequence liquefaction occurs 
[25]. 

3.3 Characterization tests

The pH of human skin usually varies from 4.5 to 
6.0. So, it is essential for a formulation that its pH 
value should lie within this range [26]. Determining 
the pH value is critical for assessing the emulsions’ 
stability. In fact, pH fluctuations show the incidence 
of chemical reactions that can indicate  the 
quality of the final formulation [27]. That is why 
pH is included in all the stability studies such as 
centrifugation, freeze thaw test and thermal stress 
test.

3.4 Short-term stability (Centrifugation tests)

Apparently, there was no effect of centrifugation 
on the emulsion. No phase separation, liquefaction, 
sedimentation was observed as shown in Table 
5. This was probably due to the appropriate 
homogenization speed during emulsion formulation 
which might have prevented the breakage of the 
formulations during testing [28].

Table 5. Short-term stability of lotion (centrifugation test)

Table 6. Thermal stability of lotion
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3.5 Thermal stress tests

There were no visible signs of lotion instability after 
thermal stress test as shown in Table 6. No changes 
were observed in any of the parameter except pH 
and the possible reason was explained earlier that it 
could be due to  destabilization of emulsion caused 
by hydrolysis process at high temperature [27]. 

3.6 Rheological studies

Rheological behavior is adjusted as per need and 
purpose of usage of a  particular cosmetic product. 
For example, body lotions need a certain yield 
stress (or high viscosity) at rest to stay in the hands 
of the user while being taken out of the bottle. 
However, a consequent shear thinning manner (or 
low viscosity at high shear) is essential for easiness 
of spreading and applying the lotion onto the skin. 
The low viscosity at high shear is also important for 
lotion to form a uniform thin layer that will more 
easily penetrate the skin and help the skin absorb 
the active ingredients without feeling oleaginous or 
gluey [29].

The rheological results obtained by using 
rheometer ( DV-111-ultra Rheometer, Brookfield 
Engineering Lab) indicate the non-Newtonian 
behavior of the formulation; it has pseudo-plastic 
and shear thinning behavior as shown in Table 7 
which indicates that it can be handled without 
difficulty while its application on skin. 

3.7 Freeze thaw Test

There was no significant change in the formulation 
stability as shown by the results of this test in the 
Table 8. No changes were observed in the color, 
liquefaction, phase separation and creaming. 
However, slight difference was observed in the 
pH that may be due to the changing temperature 
but overall the pH change was negligible  to  have 
any influence on  the  stability of the formulation 
because the pH at the end of the freeze thaw test 
was 5.18 which lies in the range of skin pH i.e. 4.5 
to 6.0 [26] and is not a skin irritating pH [30].

3.8 SPF determination

SPF of the extract was determined using UV-
visible spectrophotometer (HALO DB-20) and by 
applying Mansur equation. The absorbance was 
determined via spectrophotometer at a wavelength 
range of 290nm to 320nm and then by applying 
the Mansur equation the SPF was determined. The 
calculated value of the extract is given in the Table 
9. For the determination of SPF of the formulation, 
three different dilutions i.e. 2000µg/ml, 400µg/
ml and 80µg/ml were made and SPF values were 
determined as done for the lemongrass extract. 
Maximum SPF value was obtained at 2000 µg/ml 
i.e. 22 and  at decreased  concentrations, SPF values 
also showed a decreasing trend as shown in Table 
9.

Table 7. Rheology of Lotion
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SPF of the extract was 8.5 at a dilution of 10,000 
µg/ ml, while SPF values of formulation were 22, 
8.7, and 2.8 at dilutions of 2000 µg / ml, 400 µg 
/ ml, and 80 µg / ml, respectively. The decreasing 
trend of SPF values observed with decreasing 
concentration is evident in Table 9. Results clearly 
indicate a dose dependent increase in SPF value and 
at 2 mg/ml concentration; lemongrass shows good 
photoprotective ability in in-vitro studies. These 
results are consistent with previous and recent 
studies in which plant extracts have been explored 
for photoprotection. 

In a study, Calendula oil cream showed 
good photoprotection ability (SPF = 14.84 ± 
0.16) at 5 % concentration of extract [31].  Sri 
Lankan researchers focused on evaluation of 
photoprotective activity of some aqueous herbal 
extracts at a fixed concentration of 1 mg/ml and 
among the extracts, Atalantia ceylanica, Hibiscus 
furcatus, Leucas zeylanica, Mollugo cerviana, Olax 
zeylanica and Ophiorrhiza mungos have shown 
SPF value ≥ 25, which were even higher than 
two commercial photoprotective creams used as 
reference compounds.  Moreover,   high antioxidant 

Table 8. Freeze thaw of sunscreen lotion

Table 9. SPF value determination of lemongrass extract and sunscreen lotion
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activity of extracts was also observed in DPPH 
assay [32]. 

A group of researchers evaluated the 
photoprotective effect of cosmetic formulations 
containing hydroalcoholic extract of N. variegata 
(Nv-HA). Initially, the phenolic and flavonoid 
total content of Nv-HA were determined. The 
photoprotective activity of Nv-HA showed SPF 
values of 5.43 ± 0.07 and 11.73 ± 0.04 at the 
concentrations of 0.5% and 1.0% (v/v), respectively. 
It was also verified that Nv-HA potentiated the 
photoprotective effect of formulations in a   dose 
dependent manner and formulations remained 
stable at the end of the study [33].

4. CONCLUSION

The in-vitro spectrophotometry method was used 
in this study which is a simple and an easy method 
for determination of SPF value of sunscreen 
emulsions. For the determination of antioxidant 
potential, DPPH radical scavenging capacity assay 
was performed. The results showed the antioxidant 
potential of lemongrass extract to be 94.20% and 
the lemongrass sunscreen lotion to have SPF 
value of 22. The pH of lotion was found 5.5 which 
comply with the skin pH. Viscosity profile of lotion 
indicated good rheology during handling. No 
phase separation was observed after centrifugation, 
freeze thaw and thermal stress tests which indicated 
stability of formulation. 

Along with their many beneficial effects and safety, 
the natural product could become a good, cheap and 
easily available formulation ingredient in sunscreen 
products. 
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