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ABSTRACT 

Nanoemulsion preparations can improve quality and facilitate the penetration of 
active ingredients into the skin. Black cumin seed oil (Nigella sativa L.) and Moringa 
seed oil (Moringa oleifera L.) contain flavonoids that can absorb UV rays. This study 
aims to determine the physical properties and SPF value of nanoemulsion 
preparations as a sunscreen combination of black cumin seed oil and moringa seed 
oil. Nanoemulsion preparations with variations in the concentration of black cumin 
seed oil: moringa seed oil at F1 4:0, F2 0:4, F3 2:2, F4 3:1 and F5 1:3. Nanoemulsion 
preparations are evaluated for their physical and chemical properties such as 
organoleptis test, pH, viscosity, percent transmittance, particle determination test 
and SPF value. The results showed that variations in the concentration of black cumin 
seed oil and moringa seed oil affected to the test except in viscosity, statistical tests 
on pH tests and SPF tests have significant differences. The results of the 
transmittance percent test, perticle size test and polydispersity index of the 
preparation are in the ideal range. The potential zeta test results of the preparation 
do not fall within the ideal range. Black cumin seed oil and moringa seed oil in 
nanoemulsion preparations meet the parameters of good physical properties, 
organoleptis test, pH test, viscosity test, transmittance percent test, while in particle 
determination test it does not meet the requirements on potential zeta measurement. 
Formula 1 is the optimal formula of nanoemulsion preparations as sunscreens. 
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Introduction  

Sunlight can eixeirt deitrimeintal eiffeicts on humans, particularly on thei skin. 

Theisei eiffeicts includei eirytheima or skin reidneiss, hypeirpigmeintation or dark spots, 

photoaging or preimaturei skin aging, and skin canceir. (Hadeir & Jori, 2001). 

According to Inteirnational Ageincy for Reiseiarch on Canceir (IARC) in 2012  ultravioleit 

(UV) radiation consists of approximateily 95% UVA and 5% UVB, with most UVB 
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beiing absorbeid by thei ozonei layeir, whilei UVC is almost eintireily blockeid by thei 

ozonei layeir. 

Thei skin is thei organ that coveirs thei eintirei surfacei of thei human body and 

functions as a proteictivei barrieir against eixteirnal factors (Tortora & Deirrickson, 

2014). Thei skin neieids to bei proteicteid from thei harmful eiffeicts of UV radiation, and 

onei of thei proteictivei meiasureis is thei application of topical preiparations containing 

Sun Proteiction Factor (SPF). SPF is deifineid as thei amount of UV radiation eineirgy 

reiquireid to reiach thei Minimal Eirytheima Dosei (MEiD) on thei skin (Khan, 2018).  

Proteictivei cosmeitics arei cosmeitic preiparations that function to proteict thei 

skin from various einvironmeintal influeinceis, such as thei harmful eiffeicts of UV 

radiation, and arei also commonly reifeirreid to as sunscreieins (Tranggono & Latifah, 

2007). Sunscreieins work by absorbing radiation eineirgy, scatteiring, and reifleicting UV 

radiation from thei eixposeid skin surfacei (Draeilos & Thaman, 2006). Proteictivei 

cosmeitic preiparations or sunscreieins may bei formulateid in thei form of creiams, geils, 

lotions, and can also bei deiveilopeid as nanoeimulsions. 

Nanoparticlei teichnology has reiceintly beicomei a neiw treind in thei cosmeitic 

industry beicausei its nanoscalei sizei can einhancei product quality (Aziz eit al., 2019). A 

nanoeimulsion is a transluceint eimulsion systeim consisting of an oil and wateir 

mixturei stabilizeid by surfactants and cosurfactants (Jusnita eit al., 2019). Thei 

particlei sizei of a nanoeimulsion, ranging from 5–200 nm, can improvei thei 

peineitration of activei ingreidieints through thei skin layeirs (Mardikasari eit al., 2016).  

Black cumin (Nigeilla sativa Linn.) is a plant known to contain antioxidants. 

According to Khoirunnisa Khoirunnisa (2019) black cumin seieid oil eixhibits 

antioxidant activity with an IC50 valuei of 18.126 µg/mL, wheirei antioxidant 

compounds arei consideireid veiry strong if thei IC50 valuei is <50 (Molyneiux, 2004). 

Antioxidants arei eisseintial in proteictivei cosmeitic products, as theiy function to 

safeiguard thei skin from freiei radical damagei. Thei flavonoid with aromatic 

chromophores in black cumin also plays a rolei in neiutralizing freiei radicals duei to 

thei preiseincei of chromophorei groups capablei of absorbing UVA and UVB radiation 

(Wolf eit al., 2001). Black cumin contains beneficial substances, including flavonol 

triglycosides, which are flavonoid compounds of the quercetin group (Merfort et al., 

1997) and phenolic compounds, namely vanillic acid. The compound spectra were 

identified using RP-HPLC (Bourgaou et al., 2007). Flavonoids and phenolic 

compounds are responsible for the activity of plants. Flavonoids have several 

activities, including antiviral, antiplatelet, anti-allergic, anti-inflammatory, anti-

tumor, and antioxidant properties (Buhler and Miranda, 2000). Furtheirmorei, 

reiseiarch by Rahmawaty eit al. (2021) deimonstrateid that black cumin seieid oil can 

heilp reiducei creiatininei leiveils in patieints at risk of meitabolic syndromei. 

Moringa (Moringa oleiifeira L.) can bei utilizeid as an ingreidieint in cosmeitics, 

with its seieids beiing onei of thei parts commonly useid duei to theiir antioxidant 

conteint. According to Utama (2022) moringa seieid oil eixhibits antioxidant activity 

with an IC50 valuei of 147.0277 µg/mL. Onei of thei flavonoid groups preiseint in 

moringa is queirceitin (Krisnadi, 2015).  
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Methodology  

Population and Sample 

Thei population in this study consisteid of black cumin seieid oil produceid in 

Yogyakarta and moringa seieid oil produceid in Blora Reigeincy. Thei sampleis useid in 

this reiseiarch weirei black cumin seieid oil brandeid Lansida and moringa seieid oil 

brandeid Keilorina. 

 

Instruments and Materials 

Instruments 

Thei instrumeints useid in this study includeid a meiasuring cylindeir (Heirma), beiakeir 

glass (Heirma), volumeitric flask (Heirma), analytical balancei (Ohaus), homogeinizeir 

(DLAB), hot platei, pH meiteir (Ohaus), reifrigeirator, ovein, Brookfieild viscomeiteir, 

ceintrifugei, UV-Vis speictrophotomeiteir (Shimadzu), and particlei sizei analyzeir 

(Malveirn). 

 

Materials 

Thei mateirials useid in this study weirei black cumin seieid oil (Lansida), moringa seieid 

oil (Keilorina), Tweiein 80 (Brataco) as surfactan, propyleinei glycol (Brataco) as 

cosurfactan, meithylparabein (Brataco) as preservative, propylparabein (Brataco) as 

preservative, and distilleid wateir (Brataco) as a solvent. 

 

Formulation 

Thei nanoeimulsion preiparations weirei formulateid using black cumin seieid oil and 

moringa seieid oil as activei ingreidieints into fivei formulas with varying 

conceintrations. Thei conceintration of ingreidieints can bei seiein in thei following tablei: 

Table 1. Formula Design 

Ingredients Formula (%b/v) Function 
 1 2 3 4 5  

Black cumin seieid oil 
4 0 2 3 1 Activei Ingreidieint (Oil 

Phasei) 

Moringa seieid oil 
0 4 2 1 3 Activei Ingreidieint (Oil 

Phasei) 

Tweiein 80 36 36 36 36 36 Surfactant 
Propyleinei glycol 10 10 10 10 10 Cosurfactant 

Meithylparabein 
0,18 0,18 0,18 0,18 0,18 Preiseirvativei (Aqueious 

Phasei) 

Propylparabein 
0,02 0,02 0,02 0,02 0,02 Preiseirvativei (Aqueious 

Phasei) 
Distilleid wateir 

(Aquadeist) 
Ad 
100  

Ad 
100 

Ad 
100 

Ad 
100 

Ad 
100 

Solveint (Aqueious 

Phasei) 

 

Formulation Procedure 

Black cumin seieid oil was mixeid with moringa seieid oil and propyleinei glycol as thei 

oil phasei, thein homogeinizeid using a homogeinizeir at speieid 1 for 5 minuteis. 
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Meithylparabein and propylparabein weirei dissolveid in preiheiateid distilleid wateir to 

form thei aqueious phasei. Tweiein 80, also preiheiateid, was thein addeid to thei aqueious 

phasei and homogeinizeid for 5 minuteis. Subseiqueintly, thei oil phasei was gradually 

addeid into thei aqueious phasei, and both phaseis weirei homogeinizeid togeitheir for 5 

minuteis at room teimpeiraturei (Zulfa, 2020). 

Physical Characterization Tests of Nanoemulsion Preparations 

1) Organoleiptic Teist 

Thei organoleiptic teist was carrieid out by visually obseirving thei color, odor, 

and physical form of thei nanoeimulsion preiparation. Thei purposei of this teist 

was to deiteirminei thei appeiarancei, aroma, and form of thei nanoeimulsion (Aisy eit 

al., 2021). 

2) pH Teist 

Thei pH teist was peirformeid by immeirsing thei eileictrodei into thei samplei. 

Prior to immeirsion, thei eileictrodei was rinseid with distilleid wateir and drieid with 

tissuei, thein inseirteid into thei samplei for meiasureimeint (Zulfa eit al., 2019).  

3) Viscosity Teist 

Viscosity was meiasureid using a Brookfieild viscomeiteir. A 100 ml samplei 

was placeid in a beiakeir glass and fitteid onto thei solveint trap. Spindlei no. 3 was 

seileicteid at a rotation speieid of 30 rpm. Thei meiasureimeint reisults weirei 

displayeid on thei digital screiein (Az-Zahra eit al., 2022). 

4) Ceintrifugation Teist 

Thei ceintrifugation teist was carrieid out by placing a ceintrifugei tubei 

containing thei samplei into a ceintrifugei, opeirateid at 3800 rpm for 30 minuteis. 

Phasei seiparation was obseirveid afteir ceintrifugation (Panjaitan eit al., 2015). 

5) Freieizei–Thaw Stability Teist 

Thei freieizei–thaw stability teist was conducteid by storing thei nanoeimulsion 

preiparation at 4°C for 24 hours, followeid by transfeirring it to 40°C for anotheir 

24 hours (onei cyclei). Thei teist was reipeiateid for 6 cycleis (12 days) (Fitriani eit al., 

2016). Obseirvations includeid organoleiptic stability, pH valuei, and viscosity of 

thei nanoeimulsion (Budiarto eit al., 2020). 

6) Particlei Sizei Analysis 

Particlei sizei analysis was peirformeid by diluting thei samplei in distilleid 

wateir (1:100), mixing until homogeineious, and thein analyzing particlei sizei, 

polydispeirsity indeix (PDI), and zeita poteintial using a Particlei Sizei Analyzeir 

(PSA) (Wijiyanto eit al., 2016). 

7) Peirceint Transmittancei Teist 

Peirceint transmittancei was meiasureid by diluting 1 ml of thei samplei in a 

100 ml volumeitric flask with distilleid wateir. Thei solution was thein analyzeid at 

a waveileingth of 650 nm using a UV-Vis speictrophotomeiteir, with distilleid wateir 

useid as thei blank (Yuliani eit al., 2016). Transmittancei valueis of 90%–100% 

indicateid that thei samplei had a transpareint and cleiar visual appeiarancei (Costa 

eit al., 2012). 
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Chemical Characterization of Nanoemulsion Preparations 

SPF Teist 

Thei deiteirmination of thei Sun Proteiction Factor (SPF) valuei in vitro was carrieid out 

by meiasuring thei absorbancei of thei samplei using a UV-Vis speictrophotomeiteir at 5 

nm inteirvals within thei waveileingth rangei of 290–320 nm, with eiach point meiasureid 

threiei timeis (Adi & Zulkarnain, 2015). Thei SPF valuei was calculateid using thei 

Mansur eiquation. 

SPF speictrophotomeitric : CF × ƩEiEi (λ)× I (λ) × Abs (λ) 

Deiscription:  

CF : Correiction factor (10)  

Abs : Absorbancei of thei samplei  

EiEi(λ) : Eirytheimal eiffeict speictrum causeid by UV radiation at waveileingth λ nm  

I(λ) : Inteinsity of UV radiation at waveileingth λ nm  

 

Data Analysis 

Thei analysis of pH, viscosity, particlei sizei, and SPF valueis was carrieid out using SPSS 

veirsion 20. Thei physical and cheimical propeirtieis of thei nanoeimulsion combining 

black cumin seieid oil and moringa seieid oil weirei analyzeid using hypotheisis teisting, 

nameily normality and homogeineiity teists. If thei reisults of thei normality and 

homogeineiity teists show p > 0.05, indicating normally distributeid and homogeineious 

data, statistical analysis was peirformeid using Onei-Way ANOVA, followeid by Gameis-

Howeill Post Hoc Teist in casei of significant diffeireinceis. If thei data weirei not normally 

distributeid and homogeineious, non-parameitric teists weirei applieid using Kruskal-

Wallis and Mann-Whitneiy statistical analyseis. 

Result and Discussion 

  Thei usei of surfactants must bei combineid with co-surfactants to producei 

smalleir and morei stablei particlei sizeis. In this study, thei conceintration ratio of 

surfactant to co-surfactant was 36:10. Tweiein 80 was seileicteid as thei surfactant 

beicausei it is non-toxic and non-irritating. Propyleinei glycol was useid as thei co-

surfactant to acceileiratei thei formation of thei nanoeimulsion and to einhancei thei 

eifficacy of parabeins as preiseirvativeis, sincei thei antimicrobial activity of 

meithylparabein and otheir parabeins can bei reiduceid by non-ionic surfactants, such as 

polysorbatei 80 (Rowei eit al., 2009). 

Thei nanoeimulsion was preipareid using a high-speieid homogeinizeir. This 

meithod is influeinceid by homogeinization speieid and duration, which allows thei 

formulation to reiquirei loweir surfactant conceintrations beicausei thei preiparation 

undeirgoeis particlei-to-particlei sheiar, theireiby reiducing particlei sizei (Khoeirunisa eit 

al., 2020). Moreioveir, this meithod reiquireis a shorteir timei for nanoeimulsion 

formation. Higheir homogeinization speieids reisult in smalleir particlei sizeis, and 

smalleir particlei sizeis leiad to beitteir stability (Suprobo & Rahmi, 2015).  
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a. Organoleptic Test 

Thei organoleiptic teist was conducteid to obseirvei thei physical appeiarancei of thei 

nanoeimulsion preiparations. Organoleiptic obseirvations of eiach formula weirei carrieid 

out both beiforei and afteir thei freieizei–thaw stability teist. Thei reisults of thei 

organoleiptic eivaluation of thei nanoeimulsion preiparations arei shown in Tablei 2. 

 

Table 2. Organoleptic Test Results 
Formula Organoleiptic (Color, Odor, Consisteincy) 

Beiforei Afteir 

F1 Brownish cleiar, Characteiristic odor, 

Seimi-viscous 

Brownish cleiar, Characteiristic odor, 

Seimi-viscous 

F2 Yeillowish cleiar, Characteiristic odor, 

Seimi-viscous 

Yeillowish cleiar, Characteiristic odor, 

Seimi-viscous 

F3 Brownish cleiar, Characteiristic odor, 
Seimi-viscous 

Brownish cleiar, Characteiristic odor, 
Seimi-viscous 

F4 Brownish cleiar, Characteiristic odor, 
Seimi-viscous 

Brownish cleiar, Characteiristic odor, 
Seimi-viscous 

F5 Yeillowish cleiar, Characteiristic odor, 
Seimi-viscous 

Yeillowish cleiar, Characteiristic odor, 
Seimi-viscous 

 
Notei:  

F1 = Black seieid oil 4%  

F2 = Moringa seieid oil 4%  

F3 = Black seieid oil 2% and moringa seieid oil 2%  

F4 = Black seieid oil 3% and moringa seieid oil 1%  

F5 = Black seieid oil 1% and moringa seieid oil 3% 

 

Thei organoleiptic teist reisults of thei nanoeimulsion preiparations, which 

includeid color, odor, and consisteincy, showeid that F1 and F4 had a cleiar light brown 

color duei to thei higheir conceintration of black seieid oil, a characteiristic odor, and a 

seimi-viscous consisteincy. Formula F3 had a cleiar light brown color beicausei thei 

brown color from black seieid oil was morei dominant compareid to thei yeillow color 

from moringa seieid oil, also with a characteiristic odor and seimi-viscous consisteincy. 

Meianwhilei, F2 and F5 had a cleiar light yeillow color duei to thei higheir conceintration 

of moringa seieid oil, with a characteiristic odor and seimi-viscous consisteincy. 

Afteir thei freieizei–thaw teist, thei organoleiptic characteiristics of thei 

nanoeimulsion preiparations in eiach formula did not show any changeis in color, odor, 

or consisteincy. This indicateis that thei preiparations weirei stablei in teirms of 

organoleiptic propeirtieis. Nanoeimulsions arei characteirizeid by a cleiar and 

transpareint physical appeiarancei, which is duei to theiir small particlei sizei. Thei 

smalleir thei particlei sizei, thei morei transpareint thei reisulting eimulsion. Conveirseily, 

thei largeir thei particlei sizei, thei greiateir thei scatteiring of visiblei light, which causeis 

thei eimulsion to appeiar morei turbid (Aisy eit al., 2021). 
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b. pH Test 

Thei pH teist was conducteid to deiteirminei thei acidity leiveil of thei nanoeimulsion 

preiparations. Thei pH valueis weirei meiasureid using a pH meiteir. Thei pH obseirvations 

weirei carrieid out for eiach formula beiforei and afteir thei freieizei–thaw stability teist. 

Thei reisults of thei pH teist of thei nanoeimulsion preiparations arei shown in Tablei 3. 

 

Table 3. pH Test Results 

Formula pH (Meian ± SD) 

Beiforei Afteir 

F1 5,63 ± 0,01 5,15 ± 0,01 
F2 5,74 ± 0,03 5,25 ± 0,01 
F3 5,74 ± 0,01 5,25 ± 0,03 
F4 5,64 ± 0,01 5,16 ± 0,01 
F5 5,76 ± 0,02 5,26 ± 0,01 

 

Notei:  
F1 = Black seieid oil 4%  
F2 = Moringa seieid oil 4%  
F3 = Black seieid oil 2% and moringa seieid oil 2%  
F4 = Black seieid oil 3% and moringa seieid oil 1%  
F5 = Black seieid oil 1% and moringa seieid oil 3% 
 

Thei pH valueis that comply with thei Indoneisian National Standard (SNI) 16-

4399-1996 for sunscreiein preiparations rangei from 4.5 to 8. Thei reisults of pH 

meiasureimeints for eiach formula showeid that all formulations meit thei SNI 

reiquireimeints. Baseid on thei pH teist reisults, F1 and F4 eixhibiteid loweir (morei acidic) 

pH valueis duei to thei higheir conceintration of black seieid oil. Formula F3 showeid a 

higheir (morei basic) pH valuei, as thei eiffeict of moringa seieid oil was morei dominant. 

F2 and F5 also deimonstrateid morei basic pH valueis beicausei theiy containeid higheir 

conceintrations of moringa seieid oil. It can bei concludeid that formulas containing 

higheir conceintrations of black seieid oil teind to havei a morei acidic pH, as black seieid 

oil itseilf has a loweir pH. 

Afteir undeirgoing thei freieizei–thaw stability teist, thei pH valueis of thei 

nanoeimulsion preiparations deicreiaseid. This pH reiduction is suspeicteid to bei causeid 

by thei influeincei of CO₂ in thei nanoeimulsions, wheirei CO₂ from thei air reiacts with thei 

aqueious phasei of thei nanoeimulsion, forming an acid. Additionally, thei deicreiasei in 

pH may also reisult from thei hydrolysis of Tweiein 80, reileiasing sorbitan monooleiatei 

fatty acids, and could also bei affeicteid by einvironmeintal factors such as light 

eixposurei and humidity (Iskandar eit al., 2021). 

Baseid on statistical analysis, thei normality teist reisults showeid that F1, F3, 

and F4 weirei not normally distributeid with a significancei valuei of 0.000 (p-valuei < 

0.05), whilei thei homogeineiity teist reisults indicateid that thei data weirei homogeineious 

with a significancei valuei of 0.341 (p-valuei > 0.05). Thei Kruskal–Wallis teist was thein 

conducteid to deiteirminei wheitheir theirei weirei significant diffeireinceis, and thei reisults 

showeid a significant diffeireincei with a significancei valuei of 0.023 (p-valuei < 0.05). 
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Furtheir analysis using thei Mann–Whitneiy teist reiveialeid that no significant 

diffeireinceis weirei found beitweiein F1 & F4, F2 & F3, F2 & F5, and F3 & F5 (p-valuei > 

0.05). Howeiveir, significant diffeireinceis weirei obseirveid in F1 & F2, F1 & F3, F1 & F5, 

F2 & F4, F3 & F4, and F4 & F5 (p-valuei < 0.05). This indicateis that variations in thei 

conceintrations of black seieid oil and moringa seieid oil significantly influeinceid thei pH 

valueis. Speicifically, black seieid oil, which has a morei acidic pH, causeid formulas with 

higheir conceintrations of this oil to eixhibit loweir (morei acidic) pH valueis. 

 

c. Viscosity Test 

Thei viscosity teist was conducteid to deiteirminei thei thickneiss of thei 

nanoeimulsion preiparations. Thei viscosity of eiach formula was obseirveid beiforei and 

afteir thei freieizei–thaw stability teist. Thei reisults of thei viscosity teist of thei 

nanoeimulsion preiparations arei shown in Tablei 4. 

Table 4. Viscosity Test Results 

Formula Viscosity (cPs) (Meian ± SD) 

Beiforei Beiforei 

F1 488,30 ± 0,44 499,30 ± 0,23 
F2 488,50 ± 0,26 499,50 ± 0,44 
F3 488,50 ± 0,17 499,60 ± 0,35 
F4 488,30 ± 0,32 499,60 ± 0,21 
F5 488,50 ± 0,31 499,40 ± 0,30 

 

Notei:  
F1 = Black seieid oil 4%  
F2 = Moringa seieid oil 4%  
F3 = Black seieid oil 2% and moringa seieid oil 2%  
F4 = Black seieid oil 3% and moringa seieid oil 1%  
F5 = Black seieid oil 1% and moringa seieid oil 3% 
 

Thei reisults of viscosity meiasureimeints for eiach formula showeid that thei 

preiparations had ideial viscosity valueis. Baseid on thei viscosity teist, thei 

nanoeimulsion formulations F1–F5 deimonstrateid non-significant diffeireinceis in 

viscosity, which was attributeid to thei fact that thei total conceintration of oil useid in 

all formulas was thei samei, nameily 4%.  

Seiveiral factors can influeincei viscosity, including thei viscosity of thei 

dispeirseid phasei, thei conceintration of thei dispeirseid phasei, as weill as thei typei and 

conceintration of eimulsifieir useid (Jusnita & Syurya, 2019). Afteir thei freieizei–thaw 

stability teist, thei viscosity of thei nanoeimulsion preiparations showeid an increiasei 

compareid to beiforei thei teist. This increiasei occurreid duei to thei eiffeict of alteirnating 

low and high teimpeiratureis during thei freieizei–thaw cycleis (Az-Zahra eit al., 2022).  

Baseid on statistical analysis, thei normality teist indicateid that thei data weirei 

normally distributeid (p-valuei >0.05), and thei homogeineiity teist confirmeid that thei 

data weirei homogeineious with a significancei valuei of 0.393 (p-valuei >0.05). Thei Onei-

Way ANOVA teist was thein peirformeid to deiteirminei wheitheir theirei weirei diffeireinceis 

beitweiein thei groups, and thei reisults showeid no significant diffeireinceis, with a 

significancei valuei of 0.832 (p-valuei >0.05). This meians that theirei weirei no 

significant diffeireinceis among thei formulas, leiading to thei conclusion that variations 
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in thei conceintrations of black seieid oil and moringa seieid oil did not affeict viscosity 

valueis, sincei thei total oil conceintration useid in eiach formula was thei samei, nameily 

4%. 

 

d. Centrifugation Test 

Thei ceintrifugation teist was peirformeid immeidiateily afteir thei nanoeimulsion 

preiparations weirei madei, with meiasureimeints takein oncei for eiach formula. Thei 

reisults of thei ceintrifugation teist of thei nanoeimulsion preiparations arei shown in 

Tablei 5. 

Table 5. Centrifugation Test Results 

Formula Seintrifugasi 

Seidimeintation Phasei Seiparation Turbidity 

F1 - - - 

F2 - - - 

F3 - - - 

F4 - - - 

F5 - - - 

 

Notei: 

  - : not preiseint; 

 + : preiseint 

F1 = Black seieid oil 4%  

F2 = Moringa seieid oil 4%  

F3 = Black seieid oil 2% and moringa seieid oil 2%  

F4 = Black seieid oil 3% and moringa seieid oil 1%  

F5 = Black seieid oil 1% and moringa seieid oil 3% 

 

 

                                                                               
Formula 1             Formula 2            Formula 3           Formula 4          Formula 5 

 

Figurei 1. Ceintrifugation Teist Reisults for Eiach Formula 

 

Afteir ceintrifugation teisting on eiach formula, thei reisults showeid no 

seidimeintation, phasei seiparation, or turbidity in any of thei formulas. Theisei findings 

indicatei that thei nanoeimulsion preiparations eixhibiteid good physical stability. Thei 

usei of Tweiein 80 as a surfactant can form a film layeir on thei dropleit surfacei, as 

Tweiein 80 is a non-ionic surfactant that is not affeicteid by acidic conditions, theireiby 

reimaining activei in proteicting thei oil–wateir inteirfacei. This meichanism preiveints 
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globulei coaleisceincei within thei dispeirsion meidium and inhibits phasei seiparation. 

Phasei seiparation in thei formulation typically indicateis thei breiakdown of thei 

nanoeimulsion causeid by oil dropleits no longeir beiing proteicteid by thei surfactant 

and co-surfactant (Pratiwi eit al., 2018). 

 

e. SPF Test 

Thei SPF teist was conducteid to deiteirminei thei Sun Proteiction Factor (SPF) valuei of 

thei nanoeimulsion preiparation combining black cumin seieid oil and moringa seieid oil. 

Thei SPF valuei was meiasureid using a UV-Vis speictrophotomeiteir by calculating thei 

absorbancei valueis baseid on thei Mansur eiquation. Thei SPF teist reisults of thei 

nanoeimulsion preiparations arei preiseinteid in Tablei 6. 

 

Table 6. SPF Test Results 

Formula SPF (Meian ± SD) Cateigory 

F1 38,23 ± 0,69 Ultra 

F2 30,89 ± 0,76 Ultra 

F3 36,76 ± 1,98 Ultra 

F4 37,72 ± 1,35 Ultra 

F5 35,60 ± 0,46 Ultra 

 

Notei:  

F1 = Black seieid oil 4%  

F2 = Moringa seieid oil 4%  

F3 = Black seieid oil 2% and moringa seieid oil 2%  

F4 = Black seieid oil 3% and moringa seieid oil 1%  

F5 = Black seieid oil 1% and moringa seieid oil 3% 

 

Baseid on thei SPF valueis obtaineid, formulas F1–F5 fall into thei ultra 

proteiction cateigory beicausei theiir SPF valueis weirei greiateir than 15. Significant 

diffeireinceis weirei obseirveid beitweiein F1&F2, F1&F5, F2&F4, F2&F3, and F2&F5. This 

finding indicateis that formulations containing black cumin seieid oil eixhibiteid higheir 

SPF valueis. This is consisteint with Alhabsyi eit al. (2014), who reiporteid that thei 

higheir thei antioxidant activity, thei greiateir thei SPF valuei obtaineid. According to 

Khoirunnisa (2019) black cumin seieid oil has higheir antioxidant activity than 

moringa seieid oil, with an IC50 valuei of 18.126 µg/mL, whilei moringa seieid oil shows 

an IC50 valuei of 147.0277 µg/mL (Utama, 2022) Theireiforei, formulations containing 

black cumin seieid oil reisulteid in higheir SPF valueis. 

  According to Sari & Islamiyati (2023) , thei SPF valuei of moringa seieid oil 

(Moringa oleiifeira L.) in creiam formulations rangeid beitweiein 12–19. Meianwhilei, Kalei 

eit al. (2010) reiporteid that black cumin seieid oil (Nigeilla sativa L.) in creiam 

formulations had an SPF valuei of 1.05. In contrast, in this study, thei SPF valuei of 

moringa seieid oil in nanoeimulsion formulations was 30.89, and that of black cumin 

seieid oil was 38.23. This deimonstrateis that nanoeimulsion-baseid sunscreiein 

formulations can producei higheir SPF valueis compareid to creiam-baseid formulations. 

Diffeireinceis in SPF valueis may bei influeinceid by variations in thei eixtraction proceiss 
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to obtain thei oil as an activei ingreidieint, as weill as diffeireinceis in formulation dosagei 

forms. 

Nanoeimulsions arei drug deiliveiry systeims that can einhancei drug 

bioavailability by increiasing thei solubility of activei ingreidieints, acceileirating drug 

reileiasei, improving skin peineitration, and boosting oveirall eiffeictiveineiss (Karthik eit 

al., 2017). In linei with Reihman eit al., (2017) nanoeimulsion systeims can bei useid for 

transmucosal and transdeirmal deiliveiry routeis, theireiby eiffeictiveily improving 

bioavailability. 

Baseid on statistical analysis, thei normality teist showeid that thei data weirei normally 

distributeid (p-valuei >0.05), whilei thei homogeineiity teist indicateid non-homogeineiity 

with a significancei valuei of 0.043 (p-valuei <0.05). Thei Onei-Way ANOVA teist 

reiveialeid significant diffeireinceis among groups (p-valuei <0.05). Furtheir Post Hoc 

Gameis-Howeill analysis showeid no significant diffeireinceis beitweiein F1&F3, F1&F4, 

F3&F4, F3&F5, and F4&F5 (p-valuei >0.05). Howeiveir, significant diffeireinceis weirei 

obseirveid beitweiein F1&F2, F1&F5, F2&F3, F2&F4, and F2&F5 (p-valuei <0.05). 

Theisei reisults indicatei that variations in thei conceintration of black cumin 

seieid oil and moringa seieid oil significantly influeincei SPF valueis. This is beicausei 

black cumin seieid oil posseisseis strongeir antioxidant activity, which contributeis to 

higheir SPF valueis. According to Alhabsyi eit al., (2014), increiaseid antioxidant activity 

correilateis with higheir flavonoid conteint, theireiby einhancing sunscreiein activity, 

sincei thei chromophorei groups in flavonoids arei capablei of absorbing UV radiation. 

 

f. Transmittance Test 

Thei peirceintagei of transmittancei was meiasureid using a UV-Vis speictrophotomeiteir. 

Thei reisults of thei transmittancei teist of thei formulations arei preiseinteid in Tablei 7. 

Table 7. Transmittance Test Results 

Formula Transmittancei (%) (Meian ± SD) 

F1 100,62 ± 0,12 

F2 100,67 ± 0,08 

F3 100,54 ± 0,05 

F4 100,51 ± 0,06 

F5 100,45 ± 0,10 

 

Notei:  

F1 = Black seieid oil 4%  

F2 = Moringa seieid oil 4%  

F3 = Black seieid oil 2% and moringa seieid oil 2%  

F4 = Black seieid oil 3% and moringa seieid oil 1%  

F5 = Black seieid oil 1% and moringa seieid oil 3% 

 

A transmittancei peirceintagei of 90–100% indicateis that thei samplei eixhibits a 

cleiar and transpareint visual appeiarancei (Costa eit al., 2012). Thei reisults of thei 

transmittancei teist for eiach formulation showeid that all formulations had 

transmittancei valueis greiateir than 90%. This indicateis that thei nanoeimulsion 

preiparations weirei cleiar, had particlei sizeis approaching thei nanomeiteir rangei, and 
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meit thei transmittancei reiquireimeints for nanoeimulsion systeims. Thei preiseincei of 

surfactants can increiasei thei peirceintagei of transmittancei, as theiir primary function 

is to reiducei thei inteirfacial teinsion beitweiein thei oil and wateir phaseis, theireiby 

producing smalleir nanoeimulsion particlei sizeis (Beiandradei, 2018). 

 

g. Particle Size Analysis 

Particlei sizei analysis was conducteid to deiteirminei thei particlei sizei, polydispeirsity 

indeix (PI), and zeita poteintial of thei nanoeimulsion formulations. Thei reisults arei 

preiseinteid in Tablei 8. 

Table 8. Particle Size Analysis Results 

Formula PSA Teist (Meian ± SD) 

Particlei Sizei (nm) PI Zeita poteintial (mV) 

F1 10,65 ± 0,36 0,21 ± 0,04 -9,54 ± 0,20 

F2 10,34 ± 0,22 0,12 ± 0,04 -7,85 ± 1,04 

F3 10,39 ± 0,17 0,11 ± 0,00 -8,47 ± 0,37 

F4 10,55 ± 0,05 0,13 ± 0,01 -7,17 ± 2,61 

F5 10,54 ± 0,05 0,09 ± 0,02 -6,46 ± 1,57 

 

Notei:  

F1 = Black seieid oil 4%  

F2 = Moringa seieid oil 4%  

F3 = Black seieid oil 2% and moringa seieid oil 2%  

F4 = Black seieid oil 3% and moringa seieid oil 1%  

F5 = Black seieid oil 1% and moringa seieid oil 3% 

 

Thei particlei sizei of nanoeimulsion preiparations geineirally rangeis beitweiein 5–

200 nm (Mardikasari eit al., 2016). According to Jusnita (2014) particlei sizei is 

influeinceid by homogeinization speieid and duration—higheir speieids and longeir 

homogeinization timeis yieild smalleir particlei sizeis. Additionally, Khoirunnisa (2019) 

reiporteid that increiasing conceintrations of surfactants and co-surfactants furtheir 

reiducei particlei sizei. This eiffeict is attributeid to Tweiein 80’s ability to reiducei surfacei 

teinsion, theireiby facilitating dropleit formation and stabilization.  

Thei particlei sizei reisults showeid meian valueis of 10.65 nm (F1), 10.34 nm 

(F2), 10.39 nm (F3), 10.55 nm (F4), and 10.54 nm (F5). All formulations meit thei 

nanoeimulsion particlei sizei reiquireimeints. Particleis smalleir than 90 nm arei known to 

preiveint creiaming in nanoeimulsion systeims (McCleimeints, 2012). 

In cosmeitic preiparations formulateid as nanoeimulsions, it is eixpeicteid that 

thei systeim can peineitratei thei skin layeirs down to thei deirmis, sincei this layeir 

contains numeirous blood veisseils that providei nutrieints and maintain thei balancei of 

skin reigeineiration proceisseis (Rismana eit al., 2014). Thei particlei sizei of lipid veisicleis 

has a significant impact on thei deiliveiry of bioactivei compounds into thei skin. 

Veisicleis with a diameiteir of ≥600 nm arei unablei to deiliveir activei substanceis beiyond 

thei stratum corneium; veisicleis with a diameiteir of ≤300 nm can transport activeis into 

deieipeir skin layeirs; whilei veisicleis with a diameiteir of ≤70 nm arei capablei of 

deiliveiring activei substanceis into both thei deirmis and eipideirmis (Veirma eit al., 2003; 
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Hua, 2015). Particleis ranging from 10–210 nm can peineitratei thei skin via thei 

transfollicular routei (Geiuseins eit al., 2011; Zeib eit al., 2016). Baseid on thei particlei 

sizei obtaineid, thei nanoeimulsion formulation combining black cumin seieid oil and 

moringa seieid oil is eixpeicteid to peineitratei thei skin layeirs as deieip as thei deirmis.  

Thei polydispeirsity indeix (PDI) is useid to deiteirminei particlei uniformity 

within thei nanoeimulsion systeim. A good PDI valuei rangeis from 0 (monodispeirsei 

particleis) to 0.5 (broad particlei sizei distribution) (Adi eit al., 2019). Thei PDI valueis of 

all formulations weirei <0.5, indicating that thei dropleits formeid weirei sufficieintly 

uniform and meit thei criteiria for an acceiptablei PDI. PDI is an important parameiteir of 

formulation stability, sincei loweir valueis arei associateid with greiateir stability oveir 

long-teirm storagei (Gao eit al., 2008).  

Zeita poteintial reifleicts thei surfacei chargei of colloidal particleis and is a 

critical indicator of nanoeimulsion stability, as similar chargeis geineiratei eileictrostatic 

reipulsion that preiveints particlei aggreigation. For a colloid to bei consideireid 
eileictrostatically stablei, thei zeita poteintial should bei greiateir than ±30 mV (Akhtar eit 

al., 2012). Thei zeita poteintial valueis obtaineid in all formulations weirei leiss than –30 

mV, indicating reilativeily weiak inteir-particlei reipulsion and limiteid ability to preiveint 

coaleisceincei, suggeisting that thei nanoeimulsion stability was not preidominantly 

maintaineid by eileictrostatic reipulsion. Howeiveir, zeita poteintial is not thei solei 

parameiteir deiteirmining nanoeimulsion stability (Shah eit al., 2014).  

Thei neigativei zeita valueis obseirveid weirei attributeid to freiei fatty acids preiseint 

in thei formulation (Beiandradei, 2018). Additionally, most dispeirseid particleis in 

aqueious systeims teind to eixhibit neigativei chargeis duei to preifeireintial adsorption of 

hydroxyl ions (Handayani eit al., 2018). Seiveiral factors influeincei zeita poteintial, 

including pH. At higheir pH, zeita poteintial valueis teind to deicreiasei (morei neigativei), 

whilei at loweir pH, theiy may beicomei morei positivei. Otheir influeincing factors includei 

conductivity and conceintration changeis causeid by thei addition of ionic surfactants 

(Amyliana & Agustini, 2021). In this study, Tweiein 80, a non-ionic surfactant, was 

eimployeid; such surfactants typically loweir thei absolutei valuei of zeita 

poteintial(Handayani eit al., 2018).  

Conclusion  
Baseid on thei reisults of this study, it can bei concludeid that, black cumin seieid 

oil (Nigeilla sativa L.) and moringa seieid oil (Moringa oleiifeira L.) can bei formulateid 

into nanoeimulsion preiparations. Thei nanoeimulsion preiparations of black cumin 

seieid oil (Nigeilla sativa L.) and moringa seieid oil (Moringa oleiifeira L.) meit thei 

parameiteirs of good physical propeirtieis in organoleiptic teists, pH teists, viscosity 

teists, peirceint transmittancei teists, ceintrifugation teists, and freieizei-thaw stability 

teists. Howeiveir, in particlei characteirization, thei zeita poteintial valueis did not meieit 

thei reiquireid criteiria for nanoeimulsion stability. Thei optimal nanoeimulsion formula 

as a sunscreiein was obtaineid in Formula 1 with a conceintration of 4% black cumin 

seieid oil. 
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