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ABSTRACT 

Objective: Synthetic drugs for treating hair loss often cause side effects. M. oleifera seed oil has shown potential in preventing hair loss; however, its 
oily and sticky texture limits its practicality for application. This study aims to develop a well-formulated and stable nanoemulsion-based hair 
serum containing M. oleifera seed oil at 4 °C and 40 °C. 

Methods: The study utilized hair serum formulations containing nanoemulsified M. oleifera seed oil at concentrations of 10%, 20%, and 30%. The 
physical characteristics, including organoleptic properties, pH, viscosity, spreadability, and adhesiveness, were evaluated. Additionally, stability 
testing was conducted using a cycling test at 4 °C and 40 °C over six cycles. 

Results: Variations in nanoemulsion concentration in the hair serum influenced pH, viscosity, adhesiveness, and spreadability, all of which met the required 
criteria. Higher concentrations of nanoemulsified M. oleifera seed oil resulted in lower pH, viscosity, and adhesiveness while increasing spreadability. Stability 
testing showed no statistically significant differences (p>0.05) in pH, viscosity, adhesiveness, or spreadability before and after the test. 

Conclusion: The nanoemulsion-based hair serum formulation remained stable and effectively reduced the sticky and oily texture of M. oleifera seed 
oil, making it a more practical alternative for hair loss treatment. 
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INTRODUCTION 

Hair loss and androgenetic alopecia are among the factors that affect 
quality of life and self-confidence [1]. One of the characteristics of 
androgenetic alopecia is follicular miniaturization, which is primarily 
influenced by genetic factors [2]. Androgenetic alopecia affects up to 
98.6% of men and 64.4% of women, presenting with a distinct pattern 
of hair loss [3]. Based on data more than 50% of American men and 
21.3% of Chinese men are prone to andogenous alopecia [4]. The 
pathogenesis of androgenetic alopecia can also be attributed to 
autoimmune processes, environmental factors, diseases, medications, 
oxidative stress, and stress potential [5]. This condition negatively 
impacts the antioxidant balance in both the blood and skin tissues. 
Clinical treatments for alopecia typically focus on enhancing immune 
function through various therapeutic approaches, including 
phototherapy and topical steroids. Additionally, immunosuppressants 
such as methotrexate and cyclosporine, as well as the use of vitamins 
and essential nutrients, are expected to mitigate oxidative stress [6]. 
The human scalp contains over 100,000 hair follicles, which play a 
crucial role in producing long and thick hair [7]. Hair serves several 
vital functions, including protection against cold temperatures, 
defining appearance and gender differences, and contributing to self-
defense. The presence of dihydrotestosterone (DHT) receptors in hair 
follicles can lead to the shrinkage of dermal papilla stem cells, thereby 
resulting in incomplete follicular development [5]. One approach to 
reducing hair loss involves activating the hair roots [8].  

One of the cosmetic products that can be used to address hair loss is 
hair oil. M. oleifera seed oil, also known as M. oleifera seed oil, is 
commonly utilized in the perfume and cosmetics industry [9]. Based 
on the research of Korassa et al. (2023), M. oleifera seed oil with a 
concentration of 12.5% has optimal activity as antialopecia [10]. M. 
oleifera seed oil contains unsaturated fatty acids such as oleic acid, 
stigmasterol, and β-sitosterol [11]. The phytosterol compounds 
found in M. oleifera seed oil include brassicasterol, ergostadienol, 
24-methylenecholesterol, campasterol, campestanol, stigmasterol, 

ergostadienol, cholesterol, β-sitosterol, stigmastanol, 7-avenasterol, 
stigmastadienol, 28-isoavenasterol, and stigmastenol [12]. Some 
phytosterols, such as β-sitosterol, stigmasterol, and campasterol, can 
inhibit DHT production [13]. Furthermore, phytosterol 
concentrations ranging from 0.01% to 0.5% have been proven 
effective in preventing baldness [14]. Other components of M. 
oleifera seed oil include lauric acid, palmitoleic acid, palmitic acid, 
oleic acid, stearic acid, and arachidic acid. The fatty acids found in 
wet-extracted M. oleifera seed oil include palmitoleic acid, palmitic 
acid, oleic acid, stearic acid, eicosenoic acid, arachidic acid, behenic 
acid, and lignoceric acid [15]. Linoleic acid in M. oleifera seed oil can 
stimulate hair growth through the inhibition of β-catenin and 
dickopf-related protein (DKK), both of which contribute to hair loss 
[16]. Oleic acid (more than 70%) is the most dominant fatty acid in 
M. oleifera seed oil [17]. Oleic acid in M. oleifera seed oil promotes 
hair growth by accelerating anagen phase production in hair follicles 
through the activation of the Wnt/β-catenin signaling pathway [18]. 

Based on biological data, M. oleifera seed oil is a promising candidate 
for stimulating hair growth. However, direct application of the oil can 
result in a greasy and sticky sensation. Currently, hair care trends 
emphasize the use of natural and herbal products, as they are believed 
to enhance vitality and overall health while minimizing exposure to 
potentially harmful chemicals [7]. Topical formulations for hair 
treatment must exhibit good skin permeability and be able to 
accumulate within hair follicles [19]. Research by Korassa et al. (2022) 
showed that M. oleifera seed oil hair tonic preparations with a 
concentration of 7.5%; 10% and 12.5% have good stability and meet 
the requirements [20]. Encapsulation of active compounds into 
nanoparticles or microparticles is able to enhance targeted delivery to 
hair follicles [21]. One promising nanoparticle type for improving skin 
penetration is nanoemulsion. Nanoemulsions serve as carriers with a 
transparent appearance and greater stability compared to 
conventional emulsions. Additionally, nanoemulsions increase surface 
area, thereby facilitating better penetration of active ingredients [22]. 
Nanoemulsion-based delivery systems offer enhanced 
biocompatibility, biodegradability, and extended shelf life [23]. 
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The formulation of a herbal-based hair growth serum is expected to 
integrate traditional knowledge with modern scientific insights, 
ultimately addressing hair-related issues such as thinning and 
impaired hair growth [24]. Hair serum formulations are 
characterized by a high concentration of active ingredients, allowing 
for deeper and more intensive nourishment of the skin layers. 
Additionally, such formulations are anticipated to produce a non-
greasy final product, making them more practical and suitable for 
application [19]. To the best of our knowledge, there is no 
formulation of M. oleifera seed oil in the form of nanoemulsion-
based hair serum used for hair growth. The purpose of this study is 
to develop a nanoemulsion-based hair serum formula from M. 
oleifera seed oil to be developed as a hair growth product. 

MATERIALS AND METHODS 

Materials and equipment 

M. oleifera seed oil was sourced from Blora, Central Java. Other materials 
included Tween 80, polyethylene glycol (PEG) 400, propylene glycol, 
hydroxypropyl methylcellulose (HPMC), methylparaben, propylparaben, 
butylated hydroxytoluene (BHT), and distilled water (Bratachem 
Indonesia). The equipment used in this study included a Particle Size 
Analyzer (PSA) (HORIBA SZ-100), pH meter (Trans Instrument HP 
9000), sonicator (Elma Transsonic 570), and Transmission Electron 
Microscope (TEM) (JEOL/EO JEM-1400 version 1.0). 

Methods 

Extraction of M. oleifera seed oil 

M. oleifera seed oil obtained from Blora, Central Java, was extracted 
using the cold-pressing method. The harvested M. oleifera seeds 
were peeled to remove their outer shells. The resulting kernels were 
then processed using a cold press. The extracted oil was stored in a 
tightly sealed container [25].  

Preparation of nanoemulsion and M. oleifera seed oil 
nanoemulsion-based hair serum 

Three variations of M. oleifera seed oil nanoemulsion-based hair 
serum were formulated based on the compositions listed in table 1. 
The nanoemulsion-based hair serum consisted of an oil phase, 
surfactant, and co-surfactant, with the optimal formula determined 
using the Simplex Lattice Design method. The optimal formulation 
was mixed until homogeneous using a magnetic stirrer at 800 rpm 
for 10 min at 25 °C. The mixture was then homogenized using a 
sonicator homogenizer for 10 min in two cycles. Buthylated 
hydroxytoluene (BHT), methylparaben, and propylparaben were 
added to the mixture. Propylene glycol, used as a thickening agent, 
was dissolved in water. Subsequently, HPMC, pre-dispersed in hot 
water (20 times the amount of HPMC), was incorporated and 
homogenized. The aqueous phase was then gradually added in a 
controlled manner according to the specified amount. Finally, the 
formulation underwent physical characteristic evaluations [26]. 

Physical evaluation 

The physical evaluation test was conducted by examining the 
texture, color, and aroma of the nanoemulsion-based hair serum. 
The physical appearance of the formulation was assessed. 

Homogeneity test 

The homogeneity test was performed by observing the presence of 
clumps, flocculation, or aggregates in the nanoemulsion-based hair 
serum. 

pH measurement 

pH determination using a digital pH meter [27]. The pH 
measurement of the formulated nanoemulsion-based hair serum 
was carried out using a calibrated pH meter. Calibration was 
performed with pH 4.01 and pH 7.00 buffer solutions to ensure 
accurate functionality. The clean pH meter electrode was immersed 
in a vial containing the nanoemulsion-based hair serum formulation, 
and the pH value was displayed on the screen. The measurement 
was conducted at room temperature [7].  

Viscosity test 

The viscosity measurement was performed using a Brookfield 
viscometer equipped with a spindle 62 and 100 rpm [28]. The 
nanoemulsion-based hair serum formulation was placed in a glass 
beaker, and its viscosity was measured [24]. Evaluation were 
conducted in five replication.  

Spreadability test 

The spreadability test was conducted using an instrument typically 
employed to assess and measure the spreadability of semisolid 
formulations. One g of the nanoemulsion-based hair serum was 
placed between two flat plates measuring 20×20 cm, with a specific 
weight applied on top. The spread diameter was measured after 1 
minute under the applied load [5]. 

Adhesion test 

The adhesion test was conducted by placing 1 g of the formulation 
on a glass slide with a known surface area. Another glass slide was 
placed on top of the sample, followed by applying a 1 kg weight for 5 
min. Afterward, an 80 g weight was released, and the time required 
for the two glass slides to separate was recorded. An optimal 
adhesion time for topical formulations is no less than 4 sec [29].  

Stability test 

The stability of the M. oleifera seed oil nanoemulsion-based hair 
serum was analyzed by storing at the Climatic Chamber the samples 
under fluctuating temperature conditions. The samples were stored 
at 4 °C, followed by 40 °C for six cycles. Respectively with 24 h for 
each cycle [30]. The results of observations of serum nanoemulsion 
based hair serum preparations are conducted before and after the 
cycling test for six cycles. Nanoemulison based hair serum 
preparations were performed in a one cycle process, in which they 
are stored at a cold temperature of 4 °C for 24 h and then placed at a 
temperature of 40 °C. All these series of processes are counted as 
one cycle. After completing six cycles, the physical characteristics of 
the nanoemulsion serum were observed. Tests carried out include 
organoleptical tests, pH, viscosity, spreadability, adhesion. The 
evaluated parameters included the absence of phase separation, 
inversion, aggregation, creaming, and coalescence in the formulation 
[18].

  

Table 1: The composition of M. oleifera seed oil nanoemulsion-based hair serum 

Matreial Function K1 (% w/v) K2 (% w/v) K3 (% w/v) Control (% w/v) 
Nanoemulsion Active substance 10 20 30 0 
HPMC Gelling agent 0.6 0.6 0.6 0.6 
Propylenglycol Humectan 10 10 10 10 
Methyl paraben Preservative 0.2 0.2 0.2 0.2 
Propyl paraben Preservative 0.02 0.02 0.02 0.02 
BHT Antioxidant 0.02 0.02 0.02 0.02 
Water Ad Solvent 100 100 100 100 

The hair serum nanoemulsion formula contains K1: 10%, K2: 20%, and K3: 30% nanoemulsions 
 

Data analysis 

The results are presented as mean±standard deviation (SD). The data 
were then analyzed using ANOVA with a significance level of 0.05. 

RESULTS 

Based on previous research, it shows that M. oleifera seed oil 
contains 12 types of fatty acids with the largest oleic acid content 
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of 71.52%. The optimal ratio for M. oleifera seed oil, Tween 80 as a 
surfactant, and PEG 400 as a co-surfactant is 6.401%, 36%, and 
18.599%, respectively. The use of tween 80 as a surfactant, the 
higher concentration of tween 80 can enhance clarity, 
transmittance value and smaller particle size [31]. Meanwhile, the 
use of PEG 400 can increase the stability of nanoemulsions 
because it can optimizing the emulsification process in 
nanoemulsion preparations [32]. The optimal nanoemulsion 

formulation exhibits a liquid, slightly viscous consistency, a 
transparent yellow color, and is odorless (fig. 1). The results 
indicate that the M. oleifera seed oil nanoemulsion has a particle 
size of 237.06 nm. Transmission electron microscopy (TEM) 
analysis revealed the morphological characteristics of the 
nanoemulsion, particle size was found to be in the range of 200 nm 
(fig. 1c), a polydispersity index (PDI) value of 0.467, a zeta 
potential of-20.89 mV, and a transmittance of 97.7%. 

 

 

Fig. 1: Dosage forms a. nanoemulsion optimal formula; b. M. oleifera seed oil nanoemulsion-based hair serum; c. Particle size distribution 
and morphology of nanoemulsion use TEM 20.000 times (Scale bar 200 nm) 

 

The nanoemulsion-based hair serum formulation underwent an 
organoleptic evaluation and exhibited organoleptic characteristics of 
a yellowish-white color and an odorless nature (fig. 1b). Visual 
inspection confirmed the absence of flocculation, clumping, or 
aggregation in the nanoemulsion based hair serum formulation. The 
addition of a certain amount of nanoemulsion to the serum base did 
not change the appearance of the nanoemulsion based hair serum. 
The homogeneity of the formulation was also well maintained. The 
pH evaluation is a crucial parameter in determining user comfort 
during application. The pH values are presented in table 2. All 
formulations (Formula 1 to 3) and the control (base formulation) 
exhibited slightly acidic pH levels, ranging from 5.59 to 6.96, which 
are close to the normal pH range. 

Viscosity determination 

The viscosity test results for the nanoemulsion based hair serum 
formulations (Formulas 1 to 3) ranged from 174.18 to 240.80 cPs. In 
comparison, the control formulation exhibited a higher viscosity of 
276.40 cPs. The complete viscosity data are presented in table 2. 

Spreadability and adhesiveness 

The spreadability and adhesiveness test results are summarized in 
table 2. The spreadability of nanoemulsion based hair serum 
formulations 1 to 3 ranged from 9.54 to 10.34 cm, whereas the 
control formulation exhibited a spreadability of 8.90 cm. The 
adhesiveness of Formulas 1 to 3 ranged from 35.82 to 50.40 sec. 

 

Table 2: Physical characteristics of M. oleifera seed oil nanoemulsion based hair serum 

Formula Organoleptic pH Viskosity (cPs) Adhesive test (sec) Spreadability 
K1 liquid, yellowish white, homogeneous 6.57±0.13* 240.80±19.32* 50.40±2.07 9.54±0.15* 
K2 liquid, yellowish white, homogeneous  6.27±0.07* 208.98±5.35* 42.40±3.05* 10.06±0.19* 
K3 liquid, yellowish white, homogeneous  5.59±0.22* 174.18±20.68* 35.82±1.49* 10.34±0.15* 
Control liquid, yellowish white, homogeneous  6.96±0.07 276.40±13.74 53.60±1.67 8.90±0.19 

Data presented as mean±standard deviation (SD) and n = 5. *p value>0.05 

 

Formulation stability 

The stability evaluation of the M. oleifera seed oil nanoemulsion based 
hair serum was conducted using a cycling test for six cycles at storage 
temperatures of 4 °C and 40 °C. The results indicated no significant 
changes in the physical properties, including color, odor, and 
consistency. The test results show that the pH of the preparation tends 
to increase (fig. 2a). During storage, the viscosity of the nanoemulsion 
based hair serum preparation decreased for formulas K2 and K3 as 
well as the control, but for formula K1, the viscosity increased (fig. 2b). 
The results of the stability test of the spreadability of the preparation 

are inversely proportional to the viscosity. Fig. 2c shows that the 
spreadability of formulas K1 and K3 has decreased, while formula K2 
has increased. Based on fig. 2d, it shows that formulas K1 and K2 as 
well as the control, experienced a decrease in stickiness. However, 
formula K3 experienced an increase in adhesion. 

DISCUSSION 

Nanoemulsions are thermodynamically stable drug delivery 
systems with a transparent visual appearance. The particle size of 
nanoemulsions ranges from 20 to 500 nm and consists of an oil 
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phase, a surfactant, and a co-surfactant. Nanoemulsions are 
commonly used to reduce the greasy feel of hair. Additionally, they 
are widely utilized due to their low viscosity, stability, and ability 
to enhance the solubility of active ingredients. Nanoemulsions are 
frequently incorporated into hair conditioners, shampoos, 
deodorants, sunscreens, and hair serums [33]. M. oleifera seed oil 
nanoemulsion exhibits a transparent appearance with no 
sedimentation. Its particle size of 237.06 nm aligns with 
nanoemulsion characteristics. Polydispersity index (PDI) was 
measured using the Malvern Zetasizer based on time-dependent 
light scattering, reflecting the principle that smaller particles 
diffuse more rapidly than larger ones [34]. A PDI value of 0.467 
indicates a homogeneous particle size distribution. PDI values 

ranging from 0.01 to 0.5 reflect a narrow size distribution, while 
values above 0.7 indicate a very broad distribution [35]. The 
resulting PDI value of the nanoemulsion was below 0.5, indicating 
a homogeneous particle distribution. The zeta potential of the 
nanoemulsion was measured at-20.89 mV, indicating a negative 
surface charge, which can be attributed to the presence of 
negatively charged surfactants and cosurfactants [36]. The 
surfactant phase, in this case, Tween 80, reduces and stabilizes 
interfacial tension [37]. Moreover, surfactants facilitate 
spontaneous nanoemulsion dispersion and prevent coalescence. 
The co-surfactant used, PEG 400, reinforces surfactant molecules, 
further tightening interfacial tension. Additionally, co-surfactants 
enhance the interfacial fluidity of emulsions [38]. 

 

  

  

Fig. 2: Stability test results of nanoemulsion based hair serum before and after cycling test. a. pH test; b: viscosity test; c: spreadability 
test; d: adhesion test, data are presented as mean±standard deviation (SD). ns: not significant 

 

The nanoemulsion based hair serum formulation was obtained by 
incorporating the nanoemulsion into a gel-based serum. The M. 
oleifera seed oil nanoemulsion based hair serum consists of several 
components, including a gelling agent, preservative, antioxidant, and 
humectant. Hydroxypropyl methylcellulose (HPMC) serves as the 
gelling agent, forming a hydrogel that can disperse in water [39]. 
This ingredient contributes to the viscosity, influencing the physical 
properties of the serum. In addition to the gelling agent, 
methylparaben and propylparaben are included as preservatives. 
These compounds help prevent bacterial contamination, which may 
occur due to the high water content in the nanoemulsion based hair 
serum [40]. Butylated hydroxytoluene (BHT) is used as an 
antioxidant, while propylene glycol functions as a humectant [40].  

Based on the formulation and evaluation results, all nanoemulsion 
based hair serum formulations containing M. oleifera seed oil 
exhibited a slightly viscous and homogeneous texture. This 
evaluation was conducted to assess patient acceptance, which is 
crucial for enhancing product appeal and adherence key factors in 
the success of pharmaceutical innovation and formulation [41]. The 
pH measurement aimed to determine whether the formulation's pH 
aligns with that of the scalp. Topical formulations should have an 
optimal pH range of 4.5–6.5 to prevent irritation and ensure proper 
scalp maintenance [42]. The pH test results indicated that higher 

nanoemulsion concentrations corresponded to lower (more acidic) 
pH values. This pH reduction may be attributed to the auto-
oxidation of Tween 80 [37]. According to Kishore et al. (2011), 
Tween 80 can undergo hydrolysis, producing fatty acids, which 
increase the concentration of dissociated H+ions, leading to a lower 
pH value [43]. However, all three formulations remained within the 
safe pH range for topical hair applications, as specified by the 
Indonesian National Standard (SNI 16-4399-1996). Formulations 
that are excessively acidic may cause scalp irritation, while those 
that are too alkaline can lead to dryness and flaking [44]. Statistical 
analysis using ANOVA revealed significant differences among all 
formulations (p<0.05), indicating that variations in concentration 
influenced the pH values. When compared to the control, all 
formulations exhibited statistically significant differences. 

The viscosity determination aims to assess the texture and thickness 
of the nanoemulsion based hair serum formulation, which is related 
to its adhesiveness and spreadability when applied to the scalp. The 
viscosity range for Formulations 1 to 3 was 174.18–240.80 cPs, 
meeting the criteria for an optimal viscosity level. ANOVA results 
indicated a significant difference (p ≤ 0.05) in viscosity, with all 
formulations showing statistically significant differences compared 
to the control. This suggests that increasing the nanoemulsion 
concentration alters viscosity. Viscosity plays a crucial role in 
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formulation stability, application, and drug release. An optimal 
viscosity level ensures smooth distribution, enhances formulation 
performance, and prevents phase separation, ultimately improving 
the therapeutic application of a cosmetic product [19]. The results 
showed that increasing the nanoemulsion concentration led to a 
decrease in viscosity across Formulations 1 to 3. Polyethylene glycol 
(PEG) exhibits specific characteristics in serum gel systems, 
contributing to a lower viscosity effect. This may be attributed to the 
viscoelastic properties of PEG [45]. According to Maharini et al. 
(2020), the interaction between Tween 80 and PEG 400 can reduce 
the viscosity of the formulation [46]. Excessively high viscosity can 
reduce the effectiveness of the nanoemulsion-based hair serum, as it 
may limit the mobility of active ingredients on the skin surface, 
thereby decreasing their penetration rate into the skin [39]. 

The spreadability test was conducted to evaluate the formulation's 
ability to disperse when applied to the skin. A lower viscosity in the 
nanoemulsion based hair serum formulation corresponds to a 
greater spreadability. This broader dispersion enhances drug 
absorption, allowing for faster penetration into the scalp [41]. 
Requirements for good spreadability of semi-solid dosage forms for 
topical use range from a diameter of 5-7 cm [29]. The spreadability 
of the three formulas was in the range of 9.54-10.36 cm. The results 
from Formulations 1 to 3 confirmed that as viscosity decreased, 
spreadability increased. There are no specific criteria regarding 
spreadability. Spreadability is inversely proportional to the viscosity 
ratio of the preparation. Additionally, the pressure applied during 
use also influenced spreadability, further enhancing the dispersion 
area of the formulation. A higher spreadability value indicates that a 
greater amount of the formulation can reach the application area 
(stratum corneum) and be evenly distributed [47]. ANOVA analysis 
of spreadability showed a significant difference (p ≤ 0.05), indicating 
that an increase in nanoemulsion concentration led to a statistically 

significant effect on spreadability. However, compared to the 
control, Formulation K1 did not exhibit a significant difference, 
whereas Formulations K2 and K3 showed significant differences 
from the control. The adhesion test was conducted to assess the 
formulation's ability to adhere to the skin surface, which directly 
influences the effectiveness of the active ingredients in the 
nanoemulsion-based hair serum. Ideally, good adhesion should last 
for more than one second [39]. The adhesion test results for 
Formulations 1 to 3 indicated that all formulations met the criteria 
for good adhesion. However, as nanoemulsion concentration 
increased, adhesion duration decreased. Longer adhesion times 
enhance the pharmacological activity of the formulation. Statistical 
analysis using ANOVA showed a significant difference (p ≤ 0.05) 
among all formulations, confirming that variations in nanoemulsion 
concentration resulted in significantly different adhesion properties. 

Based on the results of the stability test, the organoleptic evaluation 
indicated that the nanoemulsion based hair serum containing M. 
oleifera seed oil remained in a liquid form, exhibited a yellowish-white 
color, and showed no phase separation, both before and after the 
stability test. The complete stability test data can be seen in table 3. 
Based on the results obtained from table 3 in general, it shows that 
both the pH, viscosity, spreadability and adhesiveness of 
nanoemulsion based hair serum preparations are not different before 
and after cycling test. This means that the preparation is stable during 
six cycles of storage. Nanoemulsion formulations enhance stability by 
protecting active ingredients from external exposure through their 
carrier system. This characteristic contributes to maintaining stability 
during storage [48]. Active compounds incorporated into the 
nanoemulsion system dissolve into the micelle core, ensuring 
thermodynamic stability [49]. Additionally, the appropriate 
combination of surfactants and co-surfactants effectively protects 
micelles from environmental factors, further enhancing stability [47]. 

 

Table 3: Stability test results of M. oleifera seed oil nanoemulsion based hair serum 

S. No. Stability test Result P value Description 
1 Organoleptic Yellowish white, stable, 

soft texture, odorless, 
homogeneous  

- physically stable preparation for cycling test 

2 pH test Stable during six cycles 
storage 

0.487 The pH of hair serum nanoemulsion stable before and after cycling test 

3 Viscosity test Stable during six cycles 
storage 

0.126 The viscosity of nanoemulsion based hair serum was not different before 
and after cycling test 

4 Spreadability test Stable during six cycles 
storage 

0.608 The spreadability of nanoemulsion based hair serum was not different 
before and after cycling test. 

5 Adhesion test Stable during six cycles 
storage 

0.539 The adhesion of nanoemulsion based hair serum was not different before 
and after cycling test.  

 

The pH results obtained a decrease in pH before and after the test. 
However, based on the results of the paired t test, there was no 
significant difference with a value of 0.487 (p>0.05). The pH values 
of the nanoemulsion-based hair serum remained within a safe range 
for topical application, even under both low and high-temperature 
storage conditions. The results of the viscosity test, after the test 
obtained data on the decrease in viscosity. The paired t test results 
showed a value of 0.126, meaning that there was no significant 
difference before and after the stability test. During storage, the 
viscosity of the nanoemulsion based hair serum formulation 
decreased. This reduction in viscosity may be attributed to storage 
conditions, particularly temperature fluctuations. Increased 
temperatures can lead to base degradation and a reduction in 
intermolecular attractive forces, ultimately lowering viscosity [29]. 
During the stability test, the spreadability of the preparation is 
inversely proportional to the viscosity. The results of the paired t 
test for spreadability both before and after the test had no 
significant difference, with a significance value of 0.539. In contrast, 
adhesion properties were directly influenced by viscosity, with 
higher viscosity resulting in longer adhesion time. Among the tested 
formulations, Formula 3 exhibited the lowest viscosity, which 
corresponded to a decrease in adhesion time and an increase in 
spreadability. Based on the results of the paired t test, the 

significance value is 0.608, meaning that there is no significant 
difference before and after the stability test.  

Nanoemulsions are kinetically stable formulations. The stability of 
nanoemulsions is close to thermodynamic stability, this is due to the 
long physical stability without noticeable coalescence and 
flocculation [45]. Emulsion stability is also associated with 
deformation mechanisms. The deformation mechanism depends on 
hydrodynamic interactions, particle size, surface forces as well as 
colloidal forces [50]. Nanoemulsion droplets are usually small, so 
they are not easily deformed [51]. Nanoemulsion based hair serum 
formula is an oil-in-water type emulsion preparation whose 
characteristics are non-sticky liquid and does not leave crusts. This 
does not cause dandruff because it does not leave crusts on the hair 
skin layer. The use of Tween 80 as a surfactant and PEG 400 as a 
cosurfactant is used as an emulgator that is hydrophilic and 
lipophilic [52]. Oil droplets will exhibit substantial electrostatic 
potential in the absence of surfactants. This is usually attributed to 
the absorption of hydroxyl groups, which are more favorable at the 
oil-water interface [37].  

Numerous commercial hair serums currently incorporate natural 
oils such as argan, coconut, or jojoba oil, formulated either 
conventionally or through advanced delivery systems like 
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nanoemulsions. These formulations typically aim to improve the 
bioavailability and penetration of active ingredients. In contrast, the 
nanoemulsion developed in this study utilizes Moringa oleifera seed 
oil-an underexplored botanical source with high antioxidant activity. 
The formulation demonstrates desirable physicochemical 
characteristics, including a droplet size range 200 nm and 
appropriate viscosity for topical use. Its distinct composition 
positions it as a potentially competitive alternative in the growing 
market for natural and functional hair care products. Previous 
studies have demonstrated the potential of nanoemulsion-based 
delivery systems in enhancing the performance of botanical hair 
care products. For instance, Dhariwala et al. (2019) showed that 
green tea extract nanoemulsions exhibited high bioactivity and 
stability when formulated as hair serums [53]. In comparison, the 
present formulation introduces Moringa oleifera seed oil as a novel 
active ingredient with a rich profile of essential fatty acids, 
tocopherols, and phytosterols, known to support hair and scalp 
health. Furthermore, the formulation demonstrated physical 
stability over a six cycle highlighting its commercial viability as a 
plant-based nanoemulsion based hair serum.  

CONCLUSION 

Variations in nanoemulsion concentration influenced its physical 
properties. A higher concentration of M. oleifera seed oil 
nanoemulsion leads to decreases in pH, viscosity, and adhesion, 
while spreadability increases. Formula K2 was selected as the 
optimal formulation, characterized by a liquid form, yellowish-white 
color, homogeneity, a pH value of 6.27±0.07, a viscosity of 
208.98±5.35 cPs, an adhesion time of 42.40±3.05 sec, and a 
spreadability of 10.06±0.19 cm. This formulation demonstrates 
potential as an effective hair growth agent by offering reduced 
stickiness and greasiness, good spreading properties, and the ability 
to achieve maximum therapeutic effect with lower active ingredient 
concentrations, making it highly promising for future topical hair 
growth applications. Furthermore, the nanoemulsion-based hair 
serum met the stability requirements both before and after the 
cycling test. While the current study focuses on formulation 
optimization and stability, in vivo validation is essential to confirm 
the product’s functional efficacy. 

ACKNOWLEDGMENT 

The author is grateful to the Indonesian Education Scholarship 
(BPI), Center for Higher Education Funding and Assessment, 
Indonesia Endowment Fund for Education (LPDP) number 
0606/J5.1/LP.01.01/2023. 

FUNDING 

Final Project Recognition by Indonesian Education Scholarship 
(BPI), Center for Higher Education Funding and Assessment, 
Indonesia Endowment Fund for Education (LPDP) number 
0606/J5.1/lP.01.01/2023.  

AUTHORS CONTRIBUTIONS 

Conceptualization: Mutmainah, Akhmad Kharis Nugroho, Triana 
Hertiani, Adhyatmika. Methodology: Mutmainah, Akhmad Kharis 
Nugroho, Triana Hertiani, Adhyatmika. Analysis: Mutmainah. 
Investigation: Mutmainah, Akhmad Kharis Nugroho, Triana Hertiani, 
Adhyatmika. Resources: Mutmainah, Akhmad Kharis Nugroho, 
Triana Hertiani, Adhyatmika. Data curation: Mutmainah. Writing 
Original Draft preparation: Mutmainah. Review and editing: Akhmad 
Kharis Nugroho, Triana Hertiani, Adhyatmika. All authors have read 
and agreed to the published version of the manuscript. 

CONFLICTS OF INTERESTS 

The authors declare no conflicts of interest. 

REFERENCES 

1. Teeranachaideekul V, Parichatikanond W, Junyaprasert VB, 
Morakul B. Pumpkin seed oil loaded niosomes for topical 
application: 5α-reductase inhibitory anti-inflammatory and in 
vivo anti-hair loss effects. Pharmaceuticals (Basel). 
2022;15(8):930. doi: 10.3390/Ph15080930, PMID 36015077. 

2. Susanti L, Mustarichie R, Halimah E, Kurnia D, Setiawan A, 
Maladan Y. Anti-alopecia activity of alkaloids group from noni 
fruit against dihydrotestosterone induced male rabbits and its 
molecular mechanism: in vivo and in silico studies. 
Pharmaceuticals (Basel). 2022;15(12):1557. doi: 
10.3390/ph15121557, PMID 36559008. 

3. Sinclair R, Torkamani N, Jones L. Androgenetic alopecia: new 
insights into the pathogenesis and mechanism of hair loss. 
F1000Res. 2015;4(F1000):585. doi: 
10.12688/f1000research.6401.1, PMID 26339482. 

4. Lao Z, Fan Y, Huo Y, Liao F, Zhang R, Zhang B. Physcion a novel 
inhibitor of 5α-reductase that promotes hair growth in vitro and 
in vivo. Arch Dermatol Res. 2022;314(1):41-51. doi: 
10.1007/S00403-021-02195-1, PMID 33635414. 

5. Tiwari R, Tiwari G, Yadav A, Ramachandran V. Development and 
evaluation of herbal hair serum: a traditional way to improve 
hair quality. Open Dermatol J. 2021;15(1):52-8. doi: 
10.2174/1874372202115010052. 

6. Rossi A, Priolo L, Iorio A, Vescarelli E, Gerardi M, Campo D. 
Evaluation of a therapeutic alternative for telogen effluvium: a 
pilot study. J Cosmet Dermatol Sci Appl. 2013;3(3):9-16. doi: 
10.4236/jcdsa.2013.33A1002. 

7. VA. Hair root activation by anagen grow a herbal hair growth 
serum. JOJDC. 2019;1(3):56-9. doi: 
10.19080/JOJDC.2019.01.555565. 

8. Leone A, Spada A, Battezzati A, Schiraldi A, Aristil J, Bertoli S. 
Moringa oleifera seeds and oil: characteristics and uses for 
human health. Int J Mol Sci. 2016;17(12):2141. doi: 
10.3390/Ijms17122141, PMID 27999405. 

9. Korassa YB, Saptarini NM, Mustarichie R, Hendriani R, Ola AR, 
Novicadlitha Y. Anti-alopecia activity of Moringa (M. oleifera 
Lamk.) seed oil against dihydrotestosterone induced rabbits. Int 
J App Pharm. 2023;15(2):19-24. doi: 
10.22159/ijap.2023.v15s2.04. 

10. Ozcan MM, Ghafoor K, Al Juhaimi F, Ahmed IA, Babiker EE. Effect 
of cold press and soxhlet extraction on fatty acids tocopherols 
and sterol contents of the moringa seed oils. S Afr J Bot. 2019 
Aug;124:333-7. doi: 10.1016/j.sajb.2019.05.010. 

11. Korassa YB, Saptarini NM, Mustarichie R, Hendriani R, Tjitda PJ. 
In silico study of 12 phytosterol compounds in Moringa (M. 
oleifera Lamk.) seed oil on 5Α-reductase enzyme inhibition 
activity as anti-alopecia. Int J App Pharm. 2022;14(4):49-57. doi: 
10.22159/ijap.2022.v14s4.OP11. 

12. Singh S, Sonia SRK, Sindhu RK, Alsayegh AA, Batiha GE, Alotaibi 
SS. Formulation development and investigations on therapeutic 
potential of nanogel from Beta vulgaris L. extract in testosterone 
induced alopecia. BioMed Res Int. 2023;2023:1777631. doi: 
10.1155/2023/1777631, PMID 36760474. 

13. Korassa YB, Saptarini NM, Mustarichie R, Hendriani R. The 
potential of Moringa (Moringa oleifera Lamk) seed oil as anti-
alopecia. PJ. 2022;14(2):379-87. doi: 10.5530/pj.2022.14.49. 

14. Saini RK, Sivanesan I, Keum YS. Phytochemicals of Moringa oleifera: 
a review of their nutritional therapeutic and industrial significance. 
3 Biotech. 2016;6(2):1-14. doi: 10.1007/s13205-016-0526-3. 

15. Ryu HS, Jeong J, Lee CM, Lee KS, Lee JN, Park SM. Activation of 
hair cell growth factors by linoleic acid in Malva verticillata seed. 
Molecules. 2021;26(8):2117. doi: 10.3390/Molecules26082117, 
PMID 33917070. 

16. Ogunsina BS, Indira TN, Bhatnagar AS, Radha C, Debnath S, 
Gopala Krishna AG. Quality characteristics and stability of 
Moringa oleifera seed oil of Indian origin. J Food Sci Technol. 
2014;51(3):503-10. doi: 10.1007/S13197-011-0519-5, PMID 
24587525. 

17. Riangjanapatee P, Khongkow M, Treetong A, Unger O, Phungbun 
C, Jaemsai S. Development of tea seed oil nanostructured lipid 
carriers and in vitro studies on their applications in inducing 
human hair growth. Pharmaceutics. 2022;14(5):984. doi: 
10.3390/Pharmaceutics14050984, PMID 35631570. 

18. Khadasare PM, Shinde SA, Londe SS, Inamdar SA, Kharat SJ. 
Formulation and evaluation of hair growth serum from hibiscus 
flowers and leaves. International Journal of Therapeutic 
Innovation. 2024;2(5):203-11. doi: 10.55522/ijti.v2i5.0048. 

19. Korassa YB, Saptarini NM, Mustarichie R, Hendriani R. The 
potential of Moringa (Moringa oleifera Lamk) seed oil as anti-

https://doi.org/10.3390/ph15080930
https://www.ncbi.nlm.nih.gov/pubmed/36015077
https://doi.org/10.3390/ph15121557
https://www.ncbi.nlm.nih.gov/pubmed/36559008
https://doi.org/10.12688/f1000research.6401.1
https://www.ncbi.nlm.nih.gov/pubmed/26339482
https://doi.org/10.1007/s00403-021-02195-1
https://www.ncbi.nlm.nih.gov/pubmed/33635414
https://doi.org/10.2174/1874372202115010052
https://doi.org/10.4236/jcdsa.2013.33A1002
https://doi.org/10.19080/JOJDC.2019.01.555565
https://doi.org/10.3390/ijms17122141
https://www.ncbi.nlm.nih.gov/pubmed/27999405
https://doi.org/10.22159/ijap.2023.v15s2.04
https://doi.org/10.1016/j.sajb.2019.05.010
https://doi.org/10.22159/ijap.2022.v14s4.OP11
https://doi.org/10.1155/2023/1777631
https://www.ncbi.nlm.nih.gov/pubmed/36760474
https://doi.org/10.5530/pj.2022.14.49
http://dx.doi.org/10.1007/s13205-016-0526-3
https://doi.org/10.3390/molecules26082117
https://www.ncbi.nlm.nih.gov/pubmed/33917070
https://doi.org/10.1007/s13197-011-0519-5
https://www.ncbi.nlm.nih.gov/pubmed/24587525
https://doi.org/10.3390/pharmaceutics14050984
https://www.ncbi.nlm.nih.gov/pubmed/35631570
http://dx.doi.org/10.55522/ijti.v2i5.0048


Mutmainah et al. 
Int J App Pharm, Vol 17, Special Issue 3, 2025, 60-66 

6th Borobudur International Symposium on Humanities and Social Science (BIS-HSS) 2024, Indonesia     | 66 

alopecia. Pharmacogn J. 2022;14(2):379-87. doi: 
10.5530/pj.2022.14.49. 

20. Tampucci S, Paganini V, Burgalassi S, Chetoni P, Monti D. 
Nanostructured drug delivery systems for targeting 5-Α-
reductase inhibitors to the hair follicle. Pharmaceutics. 
2022;14(2):286. doi: 10.3390/pharmaceutics14020286, PMID 
35214018. 

21. Bhatt P, Madhav S. A detailed review on oral mucosal drug 
delivery system. Int J Pharm Sci Res. 2011;2(10):2482-9. 

22. Chaiyana W, Saeio K, Hennink WE, Okonogi S. Corrigendum to 
characterization of potent anticholinesterase plant oil based. 
Ijpharm. 2011;414:333-4. doi: 10.1016/j.ijpharm.2010.09.005. 

23. Shrinivas M, Engineering ML. Preparation and evaluation of hair 
serum. IJAEM. 2022:4(6):2389. doi: 10.20959/Wjpr202318-
29892. 

24. Gharsallah K, Rezig L, Bchir F, Bourgou S, Achour NB, Jlassi C. 
Composition and characterization of cold pressed Moringa 
oleifera seed oil. J Oleo Sci. 2022;71(9):1263-73. doi: 
10.5650/jos.ess22095, PMID 36047239. 

25. Saryanti D, Setiawan I, Dayanto HH. Use of CMC na as gelling 
agent in nanoemulgel formulation of methanol extract of sappan 
wood (Caesalpinia Sappan L). J Trop Pharm Chem. 
2022;6(1):21-9. doi: 10.25026/jtpc.v6i1.276. 

26. Subair TK, Mohanan J. Development of nano based film forming gel 
for prolonged dermal delivery of luliconazole. Int J Pharm Pharm Sci. 
2022;14(2):31-41. doi: 10.22159/Ijpps.2022v14i2.43253. 

27. Nikam V, Maniyar S. Formulation development and evaluation of 
niosomal gel of collective anti-fungal agents. Asian J Pharm Clin 
Res. 2022;15(2):64-74. doi: 10.22159/ajpcr.2022.v15i2.43484. 

28. Rahayu YC, Setiawatie EM, Rahayu RP, Kusumawardani B, Ulfa 
NM. Formulation and in vivo evaluation of nanoemulgel 
containing cocoa pod husk (Theobroma Cacao L.) extract as 
topical oral preparation. Int J App Pharm. 2024;16(5):204-10. 
doi: 10.22159/ijap.2024v16i5.51294. 

29. Ermawati DE, Yugatama A, Ramadhani BR, Pertiwi I, Rosikhoh A, 
Novachiria SR. Stability and antibacterial activity test of 
nanosilver biosynthetic hydrogel. Int J App Pharm. 
2022;14(2):221-6. doi: 10.22159/Ijap.2022v14i2.43584. 

30. Chuacharoen T, Prasongsuk S, Sabliov CM. Effect of surfactant 
concentrations on physicochemical properties and functionality 
of curcumin nanoemulsions under conditions relevant to 
commercial utilization. Molecules. 2019;24(15):2744. doi: 
10.3390/Molecules24152744, PMID 31362362. 

31. Chen YS, Chiu YH, Li YS, Lin EY, Hsieh DK, Lee CH. Integration of 
PEG 400 into a self nanoemulsifying drug delivery system 
improves drug loading capacity and nasal mucosa permeability 
and prolongs the survival of rats with malignant brain tumors. 
Int J Nanomedicine. 2019;14:3601-13. doi: 
10.2147/IJN.S193617, PMID 31190814. 

32. Sethi M, Rana R, Sambhakar S, Chourasia MK. 
Nanocosmeceuticals: trends and recent advancements in self 
care. AAPS PharmSciTech. 2024;25(3):51. doi: 10.1208/S12249-
024-02761-6, PMID 38424412. 

33. Verma NK, Singh AK, Yadav V, Mall PC, Jaiswal R. A review on 
nanoemulsion based drug delivery system. Int J Pharm Pharm 
Sci. 2019;1(1):30-8. doi: 10.33545/26647222.2019.v1.i1a.6. 

34. Gohel M, Purohit A, Patel A, Hingorani L. Optimization of 
bacoside a loaded snedds using D-optimal mixture design for 
enhancement insolubility and bioavailability. Int J Pharm Pharm 
Sci. 2016;8(12):213-20. doi: 10.22159/ijpps.2016v8i12.13488. 

35. Bodke V, Kumbhar P, Belwalkar S, Mali AS, Waghmare K. Design 
and development of nanoemulsion of smilax china for anti-
psoriasis activity. Int J Pharm Pharm Sci. 2024;16(5):54-66. doi: 
10.22159/Ijpps.2024v16i5.50327. 

36. Yang T, Liu C, Zheng Y, Liu TC, Li K, Liu J. Effect of WPI/Tween 
80 mixed emulsifiers on physicochemical stability of 

ginsenosides nanoemulsions. Food Biosci. 2023;53(4):102519. 
doi: 10.1016/j.fbio.2023.102519. 

37. Rahmadevi HB, Wulandari K. Nanoemulsion formulation of fish 
oil (Oleum iecoris) using sonication method. Healthc Technol 
Med. 2020;6(1):248-58. 

38. Elianasari AP. The effect of HPMC gelling agent concentration on 
the physical properties of anti-acne serum formulation with 
lemon peel extract. Indonesian Journal of Cosmetics. 
2024;2(1):26-34. doi: 10.35472/ijcos.v2i1.1794. 

39. Rowe RC, Sheskey PJ, Dan Owen SC. Handbook of 
pharmaceutical excipients. Edisi kelim. Pharmaceutical Press 
and American Pharmacists Association; 2006. 

40. Drais HK. Development and evaluation essential oils 
Nanoemulgel as human skin sanitizer using novel method. Turk 
J Pharm Sci. 2024;21(5):456-62. doi: 
10.4274/tjps.galenos.2023.78006, PMID 39569700. 

41. Lukic M, Pantelic I, Savic SD. Towards optimal pH of the skin and 
topical formulations: from the current state of the art to tailored 
products. Cosmetics. 2021;8(3):69. doi: 
10.3390/cosmetics8030069. 

42. Kishore RS, Kiese S, Fischer S, Pappenberger A, Grauschopf U, 
Mahler HC. The degradation of polysorbates 20 and 80 and its 
potential impact on the stability of biotherapeutics. Pharm Res. 
2011;28(5):1194-210. doi: 10.1007/s11095-011-0385-x, PMID 
21369824. 

43. Syarifah A, Budiman A, Nazilah SA. Formulation and antioxidant 
activity of serum gel of ethyl acetate fraction from Musa x 
paradisiaca L. Advances in Health Sciences Research. 2021;33. 
doi: 10.2991/ahsr.k.210115.066. 

44. Parveen R, Baboota S, Ali J, Ahuja A, Ahmad S. Stability studies of 
silymarin nanoemulsion containing Tween 80 as a surfactant. J 
Pharm Bioallied Sci. 2015;7(4):321-4. doi: 10.4103/0975-
7406.168037, PMID 26681893. 

45. Maharini M, Rismarika R, Yusnelti Y. Pengaruh konsentrasi PEG 
400 sebagai kosurfaktan pada formulasi nanoemulsi minyak 
kepayang. Chempublish J. 2020;5(1):1-14. doi: 
10.22437/chp.v5i1.7604. 

46. Nurdianti L, Clara R, Suhendy H, Setiawan F, Idacahyati K. 
Formulation characterization and determination of the diffusion 
rate study of antioxidant serum containing astaxanthin 
nanoemulsion. Int J App Pharm. 2021;13(4):200-4. doi: 
10.22159/ijap.2021.v13s4.43859. 

47. Lasanudin RI, Bachri MS, Wahyuningsih I, Efiana NA. 
Nanoemulsion formulation combination of virgin coconut oil 
(vco) and candlenut oil (alleurites mollucanus) for hair growth 
in male white rats (Rattus novergicus). Pharmacon. 
2024;21(1):59-67. doi: 10.23917/pharmacon.v21i1.4348. 

48. Abbas IK, Shaimaa Nazar Abd Al Hammid. Design optimization 
and characterization of self nanoemulsifying drug delivery 
systems of bilastine. IJPS. 2023;32 Suppl:164-76. doi: 
10.31351/vol32issSuppl.pp164-176. 

49. Tabor RF, Lockie H, Mair D, Manica R, Chan DY, Grieser F. 
Combined AFM confocal microscopy of oil droplets: absolute 
separations and forces in nanofilms. J Phys Chem Lett. 
2011;2(9):961-5. doi: 10.1021/jz2003606. 

50. Rojas C, Garcia Sucre M, Urbina Villalba G. Lifetime of oil drops 
pressed by buoyancy against a planar interface: large drops. 
Phys Rev E Stat Nonlin Soft Matter Phys. 2010;82(5 Pt 2):56317. 
doi: 10.1103/PhysRevE.82.056317, PMID 21230586. 

51. Parveen R, Baboota S, Ali J, Ahuja A, Vasudev SS, Ahmad S. Oil 
based nanocarrier for improved oral delivery of silymarin: in 
vitro and in vivo studies. Int J Pharm. 2011;413(1-2):245-53. doi: 
10.1016/j.ijpharm.2011.04.041, PMID 21549187. 

52. Dhariwala MY, Ravikumar P. An overview of herbal alternatives 
in androgenetic alopecia. J Cosmet Dermatol. 2019;18(4):966-
75. doi: 10.1111/jocd.12930, PMID 30980598. 

 

https://doi.org/10.5530/pj.2022.14.49
https://doi.org/10.3390/pharmaceutics14020286
https://www.ncbi.nlm.nih.gov/pubmed/35214018
https://doi.org/10.1016/j.ijpharm.2010.09.005
https://doi.org/10.20959/wjpr202318-29892
https://doi.org/10.20959/wjpr202318-29892
https://doi.org/10.5650/jos.ess22095
https://www.ncbi.nlm.nih.gov/pubmed/36047239
https://doi.org/10.25026/jtpc.v6i1.276
https://doi.org/10.22159/ijpps.2022v14i2.43253
https://doi.org/10.22159/ajpcr.2022.v15i2.43484
https://doi.org/10.22159/ijap.2024v16i5.51294
https://doi.org/10.22159/ijap.2022v14i2.43584
https://doi.org/10.3390/molecules24152744
https://www.ncbi.nlm.nih.gov/pubmed/31362362
https://doi.org/10.2147/IJN.S193617
https://www.ncbi.nlm.nih.gov/pubmed/31190814
https://doi.org/10.1208/s12249-024-02761-6
https://doi.org/10.1208/s12249-024-02761-6
https://www.ncbi.nlm.nih.gov/pubmed/38424412
https://doi.org/10.33545/26647222.2019.v1.i1a.6
https://doi.org/10.22159/ijpps.2016v8i12.13488
https://doi.org/10.22159/ijpps.2024v16i5.50327
https://doi.org/10.1016/j.fbio.2023.102519
https://doi.org/10.35472/ijcos.v2i1.1794
https://doi.org/10.4274/tjps.galenos.2023.78006
https://www.ncbi.nlm.nih.gov/pubmed/39569700
https://doi.org/10.3390/cosmetics8030069
https://doi.org/10.1007/s11095-011-0385-x
https://www.ncbi.nlm.nih.gov/pubmed/21369824
https://doi.org/10.2991/ahsr.k.210115.066
https://doi.org/10.4103/0975-7406.168037
https://doi.org/10.4103/0975-7406.168037
https://www.ncbi.nlm.nih.gov/pubmed/26681893
https://doi.org/10.22437/chp.v5i1.7604
https://doi.org/10.22159/ijap.2021.v13s4.43859
https://doi.org/10.23917/pharmacon.v21i1.4348
https://doi.org/10.31351/vol32issSuppl.pp164-176
https://doi.org/10.1021/jz2003606
https://doi.org/10.1103/PhysRevE.82.056317
https://www.ncbi.nlm.nih.gov/pubmed/21230586
https://doi.org/10.1016/j.ijpharm.2011.04.041
https://www.ncbi.nlm.nih.gov/pubmed/21549187
https://doi.org/10.1111/jocd.12930
https://www.ncbi.nlm.nih.gov/pubmed/30980598

	FORMULATION DEVELOPMENT AND STABILITY OF MORINGA OLEIFERA SEED OIL NANOEMULSION-BASED HAIR SERUM
	MUTMAINAH1,5, AKHMAD KHARIS NUGROHO*2, TRIANA HERTIANI3, ADHYATMIKA4
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENT
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICTS OF INTERESTS
	REFERENCES


