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Abstract 

Red palm oil (RPO) is a potential carotenoid source mostly containing β-carotene. RPO 

instability requires a delivery system such as nanostructured lipid carriers (NLC). This 

research aimed to develop an NLC delivery system and study the characteristics of NLC-

RPO. The melting-emulsification-ultrasonication method was employed to produce the 

NLC-RPO based on 6% (w/w) lipids, with solid lipid to RPO ratio (SRR) varied 6:4, 7:3, 

and 8:2. Tween 80 (24% w/w) to lipids ratio of 4:1, and distilled water 70% (w/w). The 

solid lipids employed in this investigation were palm stearin (PS), and palm kernel stearin 

(PKS), while the liquid lipid was RPO. The stability of NLC-RPO was evaluated using β-

carotene entrapment efficiency (EE), centrifugation, cooling, heating test, color, and pH 

for 90 days of storage. The NLC-RPO was characterized by particle size, polydispersity 

index (PDI), zeta potential, and viscosity before and after 90 days. Regression analysis 

was performed to evaluate the relationships between the storage and stability parameters. 

The highest encapsulation efficiency of β-carotene in NLC-RPO as a carrier β-carotene 

from the RPO was achieved when solid lipid to RPO ratio (SRR) of 6:4 and there was no 

significant difference in the type of solid lipid (PS and PKS) used. Generally, NLC-RPO 

stored for 90 days at room temperature showed good stability after centrifugation, cooling 

and heating tests with greenish-yellow color (-a*;+b*), and pH of 6.38-6.54. The particle 

size (38-87 nm), PDI (0.01-0.54), and zeta potential (-10.17 to -22.67 mV) did not 

significantly change over 90 days of storage, while the viscosity (8.36-9.11cP) was 

significantly different. The NLC-RPO with SRR of 6:4 had the highest β-carotene 

entrapment efficiency and remained stable after 90 days of storage at room temperature.  

1. Introduction 

Red palm oil (RPO) is known as one of the derivates 

of palm oil products obtained from the olein fraction of 

crude palm oil (CPO) that has high added value. 

Generally, RPO contains bioactive components such as 

phytosterols, carotenoids, tocopherols, tocotrienols, 

squalene and coenzyme Q10 (Chawla and Saxena, 2013). 

RPO has a reddish color that is associated with 

carotenoids. Two mainly categorized carotenoids are 

carotene and xanthophylls. RPO has a total carotene 

concentration of 500 ppm, with β -carotene being the 

most prevalent (Dauqan et al., 2011). β-carotene is well-

known as provitamin A and is also recognized as a 

potent antioxidant (Mayamol et al., 2007). Goh et al. 

(1985) report that RPO is a rich natural source of α-β-

carotene (500-1500 ppm) and tocol (700-1000 ppm). 

Total carotene in RPO is 545 ppm, of which the levels of 

α-carotene, β-carotene, γ-carotene, δ-carotene, cis-

carotene, and lycopene were 37.0, 47.4, 0.5, 0.6, 6.9% 

and 1.5%, respectively (Choo et al., 1993). The other 

report indicates a total of 263 ppm of carotene contained 

in RPO with a melting point of 36.5℃ (Hasibuan and 

Ijah, 2018).  

However, the use of β-carotene as a bioactive 

ingredient has limitations because of its lipophilic 

characteristic with low solubility and poor stability in 

water, processing, and storage. Carotenoids can be 

dissolved in the oil phase of an oil-in-water emulsion to 

increase their solubility and stability in water (Sari et al., 
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2018). A β-carotene microemulsion can inhibit the 

photooxidative deterioration of vitamin C in aqueous 

food (Ariviani et al., 2011a; Ariviani et al., 2011b). 

Another effort to develop a stable emulsion system 

containing lipophilic compounds can be carried out 

through a nano-delivery system.  

Nanostructured lipid carriers (NLCs) are a nano-

particulate carrier system consisting of solid lipids, liquid 

lipids, emulsifying agents, and water. NLC is a potential 

delivery system for food bioactive molecules and it is 

suitable for application in transparent or opaque 

beverages (Tamjidi et al., 2013). The NLC system has 

several advantages such as high loading capacity, more 

controlled release of bioactive components, protection of 

bioactive components, low crystallinity index and 

stability in physicochemical characteristics (Varshosaz et 

al., 2010; Li and Ge, 2012; Azar et al., 2020), reduced 

polymorphic transition, little crystalline index, enhanced 

encapsulation efficiency and loading capacity, physical 

stability, improved chemical stability, bioavailability, 

and the controlled release of encapsulated components 

(Kanojia et al., 2022). From these properties, some 

disadvantages of microemulsions, nanoemulsions, and 

solid lipid nanoparticles (SLN) can be corrected by NLC 

system. The lipid phase has an important influence on 

the features of NLC, such as loading capacity and 

physical stability (Tamjidi et al., 2014a). The 

physicochemical stability of NLC is influenced by its 

constituent components derived from lipids, surfactants, 

and their formulations. The solubility of bioactive 

components in liquid lipids must be high because this 

affects the loading capacity. Liquid lipids and solid lipids 

used must also be compatible with the bioactive 

components and miscible at specific concentrations 

(Tamjidi et al., 2013).  

The range of melting points, crystal shape, viscosity, 

and polarity must be taken into account when choosing 

the solid lipids to be employed (Qian et al., 2012a). The 

use of palm stearin as a solid lipid is successfully applied 

to NLC (Rohmah et al., 2019b; Rohmah et al., 2020; 

Rohmah et al., 2022). However, palm kernel stearin, a 

derived product of palm kernel processing has not been 

studied for NLC. Palm kernel stearin has a larger amount 

of total solid fat content (SFC) than palm stearin at 10-

27°C, which causes palm kernel stearin to be harder than 

palm stearin at room temperature leading to a greater 

potential of solid lipid as a matrix for trapping bioactive 

component. Moreover, with the melting point of palm 

kernel stearin of 32°C (Hasibuan and Siahaan, 2013), it 

is preferred and recommended for reducing mouthfeel 

discomfort when consumed because it quickly melts in 

the mouth. 

The components that are widely reported as food-

grade ingredients in NLC formulations include medium 

chain triglycerides (MCT)/caprylic- and capric-

triglycerides (Zardini et al., 2017), oleic acid (Tamjidi et 

al., 2014a; Tamjidi et al., 2014b), palm olein (Rohmah et 

al., 2019a; Rohmah et al., 2019b), palm oil, rice bran oil, 

virgin coconut oil (Teeranachaideekul et al., 2022) and 

ricinoleic acid (Hyun et al., 2022) as liquid lipid. While 

stearic acid, glyceryl palmitostearate, glyceryl behenate 

(Tamjidi et al., 2013), palm stearin (Rohmah et al., 

2019a; Rohmah et al., 2019b), and glyceryl monostearate 

(Teeranachaideekul et al., 2022) were reported as solid 

lipids. The surfactant used, such as Tween 80, one of the 

polysorbates with a high HLB number of 15, is water 

soluble, and best used as an oil-in-water emulsifier. A 

suitable surfactant can reduce interface tension and 

facilitate droplet dispersion during homogenization (Liu 

and Wu., 2010). The surfactants play an important role in 

stabilizing oil-based systems, including reducing surface 

tension quickly and preventing particle aggregation and 

recrystallization (McClements and Rao, 2011). 

Many different methods have been described in the 

literature for the production of lipid nanoparticles, 

especially NLC, including hot/cold homogenization, 

microemulsion, solvent emulsification–evaporation, 

emulsification solvent diffusion, phase inversion 

technique methods, and hot homogenization is the most 

used method for fabrication of both SLN and NLC 

(Tamjidi et al., 2013). Several techniques for the 

production of NLC also are reported including 

microfluidization method, high shear, homogenization 

and ultrasonication, and solvent Injection technique 

(Kanojia et al., 2022). The melting-emulsification-

ultrasonication has many advantages (such as easy scale-

up, lack of organic solvents and short production time) 

compared to the other methods. In this approach, the 

component is initially dissolved or dispersed in the 

melted lipid mixture (5-10°C) above the temperature of 

the lipid with highest melting point. Then, the lipid melt 

is dispersed in an aqueous emulsifier solution at the same 

temperature by high-speed stirring/shearing. The hot 

emulsion obtained may further be homogenized at the 

same temperature, by instruments such as high-pressure 

homogenizer (HPH), high-intensity ultrasonic probe/jet/

bath or microfluidizer, to produce a hot nanoemulsion. 

Subsequently, NLC is produced by cooling the hot 

nanoemulsion in cold water, room temperature or by a 

heat exchanger to crystalize lipid droplets and precipitate 

the lipid nanoparticles (Tamjidi et al., 2013). 

Moreover, the methods for stable NLC production 

have been reported, such as palm stearin-palm olein-

NLC by melting-emulsification-homogenization-

sonication (Rohmah et al., 2019a; Rohmah et al., 

2019b), melting-emulsification-sonication (Veider et al., 
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2022; Tamjidi et al., 2014a, Tamjidi et al., 2017), 

melting- homogenization-ultrasonication (Zardini et al., 

2017; Nahr et al., 2018). All of those methods produce 

NLC with particle size under 200 nm, with entrapment 

efficiency reaching >90% (Rohmah et al., 2019b; 

Rohmah et al., 2022; Hyun et al., 2022), and using 70% 

amplitude of ultrasonication (Nahr et al., 2018). Based 

on formulas, NLC can be formed if a solid lipid is more 

than a liquid lipid. The solid-to-liquid lipid ratios was 

reported 7:3 (Tamjidi et al., 2014a; Tamjidi et al., 2017), 

4:1.35 (Zardini et al., 2017), 5:5 to 9:1 (Rohmah et al., 

2019a), yielding optimal entrapment efficiency at 5.5:4.5 

ratio, with surfactant:lipid ratio of 4.9:1 and 

(lipid+surfactant): water ratio of 24:76 (Rohmah et al., 

2019b; Rohmah et al., 2022). 

The NLC system can improve stability and protect 

the active ingredients. However, there is no information 

about the preparation of NLC formulations containing 

RPO as the liquid lipid, which also contains β-carotene 

as a bioactive component. Also, an NLC-RPO 

production based on solid lipid to RPO (SRR) and the 

use of palm stearin compared to palm kernel stearin as 

solid lipid is still unknown. In addition, the stability and 

characteristics of NLC-RPO have not been clearly 

described. This study aimed to develop an NLC delivery 

system using the melting-emulsification-ultrasonication 

method based on SRR, palm stearin, and palm kernel 

stearin as solid lipids and to study the characteristics and 

stability of NLC-RPO during storage.  

 

2. Materials and methods 

2.1 Materials 

The materials used in this study were red palm oil 

(PT. Nutri Palma Nabati), palm stearin and palm kernel 

stearin (PT. Wilmar Nabati Indonesia), Tween 80 (Sigma

-Aldrich), β-carotene standard (CAS 7235-40-7, Sigma-

Aldrich), acetone for HPLC (Merck), pyrogen-free water 

for HPLC (PT. Khaparmindo Putamas, Indonesia), 

distilled water purchased from CV. Progo, Yogyakarta, 

and other chemicals were of analytical reagent grade. 

2.2 Preparation nanostructured lipid carriers-red palm 

oil 

NLC-RPO was prepared by melting, emulsification 

and ultrasonication techniques (Tamjidi et al., 2014a; 

Tamjidi et al., 2017; Rohmah et al., 2020; Veider et al., 

2022) with a slight modification. Briefly, the aqueous 

and lipid phases were separately prepared. Red palm oil 

(RPO), palm stearin, and palm kernel stearin were used 

as the lipid phase. While Tween 80 and distilled water as 

the aqueous phase. The formulation of NLC-RPO 

contained total lipid (solid and liquid lipid), Tween 80, 

and water with the proportions of 6%, 24%, and 70% (w/

w), respectively. Tween 80 and distilled water were 

mixed and solid lipid and RPO (6:4, 7:3, and 8:2) were 

melted at 65°C and 600 rpm for 15 mins using a 

magnetic stirrer (AREC, VELP Scientifica, Italy). After 

that, the aqueous phase was added to the lipid phase for 

emulsification at 65°C and stirred at 1400 rpm for 15 

mins. The emulsion produced was sonicated with an 

ultrasonic probe (UP200St Hielscher) at 70% amplitude 

for 20 mins to form the NLC-RPO. The NLC-RPO was 

cooled down at room temperature for 12 hrs. The NLC-

RPO samples were placed in vials with aluminum foil 

packaging and away from light sources before further 

analysis.  

2.3 Entrapment efficiency of β-carotene 

β-carotene in the formulation is derived from RPO. 

The β-carotene entrapment efficiency (EE) of the NLC-

RPO was assessed using a previously described method 

(Qian et al., 2012b; Fathi et al., 2013; Rohmah et al., 

2020) with a slight modification. Briefly, The NLC-RPO 

dispersion (NLC-RPO: ethanol = 1: 2) was centrifuged at 

10.000 rpm for 10 mins at 25°C. The ethanol phase 

containing free β-carotene was separated and its β-

carotene was determined by HPLC. The EE could be 

calculated according to the following equation :  

where Wi is the mass of initial β-carotene in the 

NLC-RPO, Wf is the mass of free β-carotene detected in 

the supernatant after centrifugation of NLC-RPO 

dispersion. The initial β-carotene was analyzed by 

Association of Official Analytical Chemists (AOAC) 

Official Method (AOAC, 2005), and particle 

morphology of β-carotene loaded NLC-RPO was 

observed with transmission electron microscopy (TEM). 

2.4 Analysis of β-carotene  

The β-carotene of NLC-RPO was determined by the 

AOAC Official Method (AOAC, 2005). Samples were 

prepared by saponification using 10 mL of absolute 

ethanol and 2.5 mL of 50% KOH in aquadest (w/v), 

heated in a water bath at 80°C for 1 hr, and 2.5 mL of 

glacial acetic acid was added. The solution was 

subsequently transferred into a 25 mL volumetric flask 

and the volume was adjusted with a mixture of ethanol: 

tetrahydrofuran 1:1 (v/v). The solution was passed 

through a Whatman syringe filter with a pore size of 0.45 

µm. The β-carotene was determined using High-

Performance Liquid Chromatography (HPLC) 

(Shimadzu, Japan) by isocratic with a C18 column and 

UV-Vis detector at 450 nm. A gradient solvent system 

consisting of acetone (A) and H2O (B) was employed 

(Ningrum et al., 2015). Initially, a mixture of 75% A and 

(1) 
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 25% B was used, and then the mixing was programmed 

linearly to 95% A within 20 mins and linearly to 100% A 

at 21 mins. The flow rate was 0.5 mL/min. 

Quantification of β-carotene was performed using a 

standard curve of β-carotene solution with concentration 

range from 0 to 10 ppm Analysis was performed on 

samples after 0, 30, 60, and 90 days of storage. The β-

carotene was analyzed in duplicate.  

2.5 Stability of nanostructured lipid carriers-red palm 

oil based on turbidity  

The NLC-RPO was subjected to a centrifugation test 

at 4500 rpm (Sorvall ST 8R) for 15 mins, a cooling test 

at 4°C for 12 hrs, or a heating test at 105°C for 15 mins 

in an oven (Memmert type IN30) according to Rukmini 

et al. (2012). The stability of the NLC-RPO was 

evaluated based on its turbidity changes. The turbidity 

was determined using a UV-Vis spectrophotometer 

(Shimadzu UV-2100) at a wavelength of 600 nm (Qian 

and McClements, 2011). An NLC-RPO was declared 

stable if the turbidity was less than 1% and it was 

analyzed in triplicate. Turbidity was calculated by 

following the equation of Cho et al. (2008): 

2.6 Color of nanostructured lipid carriers-red palm oil 

The color of NLC-RPO was measured using 

Chromameter CR-400 (Konica Minolta). The results 

were expressed in terms of lightness (L*), red-green (a*), 

blue-yellow (b*), and ∆E characteristics (Almeida et al., 

2018). The different classification of E was measured by 

the difference between ∆E*(initial) and ∆E*(after 90 

days). The color analysis was conducted in triplicate. 

2.7 pH of nanostructured lipid carriers-red palm oil 

The pH values were measured in triplicate using a 

digital pH meter (Hanna Instrument HI 2210) at room 

temperature. The pH meter was calibrated using pH 7.0, 

4.0 and 10.0.  

2.8 Characteristics of nanostructured lipid carriers-red 

palm oil 

Characterization of NLC-RPO consisted of the 

average particle size, polydispersity index (PDI), and 

zeta potential (Hyun et al., 2022), which was 

characterized using Microtrac (Nanotract wave II, USA). 

Nanoparticle measurement was carried out by dynamic 

light scattering (DLS)-backscattered laser-amplified 

scattering reference method utilizing photon correlation 

spectroscopy at room temperature (25℃), and the 

sample was diluted with distilled water to the suitable 

concentration of 1:10 before analysis (Lv et al., 2016). 

The characterization results were presented as average 

from triplicate data. 

2.9 Experimental design and statistical analysis 

In this study, a factorial experiment was designed for 

the source of solid lipid to red palm oil ratio (SRR). 

Three levels of SRR were fixed at 6:4, 7:3, and 8:2, and 

analysis was performed on samples after 0, 30, 60, and 

90 days of storage at room temperature. There were 24 

samples and each sample was replicated three times. The 

β-carotene levels, stability after the physical test, color, 

and pH were analyzed by regression and paired slope test 

between regressions using statistic function: standard 

error of regression, standard error of slope, t-statistic, 

and probability (significant 2-tailed) in Microsoft Excel 

(edition 2019) at p<0.05. An SPSS 19.0 program was 

used for statistical analysis of EE and characteristic 

parameters. The significance of the differences between 

the observed mean values ± standard deviation (SD) for 

characteristics and particle stability was evaluated using 

one-way ANOVA and Duncan’s Multiple Range Tests 

with p = 0.05. 

 

3. Results and discussion 

3.1 Entrapment Efficiency of β-carotene of 

nanostructured lipid carriers-red palm oil 

The information in the EE relates to the active 

substance that was successfully encapsulated by 

nanoparticles. The finding of an investigation on the EE 

of NLC-RPO in the lipid matrix is shown in Figure 1. EE 

value decreased from 96.79% to 96.11% and 96.80% to 

96.15% in both palm stearin and palm kernel stearin as 

solid lipid with increased use of solid lipid to RPO ratio 

from SRR of 6:4 to 8:2 but EE at SRR of 6:4 and 7:3 

showed no significant different (p<0.05). However, EE 

was higher than 90% in all SRR formulations. A similar 

trend was noticed by other researchers that found EE of 

β-carotene-NLC of 91.2% (Rohmah et al., 2019b), 

curcumin-NLC of 94.5% (Hyun et al., 2022) and 

cardamom essential oil-NLC of more 90% (Nahr et al., 

2018). EE mainly depends on the solubility of core 

material in a lipid matrix. However, other factors such as 

compaction of lipid structure, type and concentration of 

surfactant, liquid lipid type and content may have 

significant effects. Rohmah et al. (2019a) reported a 

stable NLC which was prepared using lipid:surfactant 

ratio of 1:4. The presence of surfactant is capable of 

reducing the surface tension and preventing lipid particle 

aggregation (McClements and Rao, 2011). Applying 

liquid lipids in the mixture led to the limitation of 

recrystallization and forming an amorphous or less order 

crystalline state which resulted in imperfection and 

accommodation of a higher amount for encapsulant 

Turbidity (%) = 2.303 × absorbance  (2) 
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(Fathi et al., 2013). 

The high EE of β-carotene in the NLC-RPO might 

be due to its lipophilic characteristic, which led to its 

higher partitioning into the lipid matrix of NLC 

compared to the aqueous phase (Ni et al., 2015). The EE 

could be higher in the NLC-RPO due to the ratio of the 

solid lipid more than the liquid lipid. In addition, when 

palm stearin and palm kernel stearin were solidified, they 

formed irregular spaces in the matrix for incorporating 

bioactive substances. It confirmed the use of palm stearin 

and palm kernel stearin as solid lipids to incorporate a 

higher amount of β-carotene. This study found that β-

carotene, as its lipophilic nature, had a higher solubility 

in SRR of 6:4 and 7:3 and no significant difference 

(p<0.05) but a NLC-RPO in SRR of 6:4 had a higher 

RPO as β-carotene sources. 

The microscopic characteristic at NLC-RPO in SRR 

6:4 was observed using TEM (Figure 2). The β-carotene 

as a lipophilic micro-nutrient has successfully 

incorporated into NLC and smaller particles when used 

palm kernel stearin (reached 96,0% of EE) than palm 

stearin as a solid lipid. Spherical particle along with 

particle size less than 100 nm after preparation and after 

three months of storage at room temperature. In another 

report, the particle size of β-NLC had an average of 

115.2 nm to 148.4 nm during 90 days (Rohmah et al., 

2020). 

3.2 Stability of β-carotene during storage 

Figure 3 shows that the initial β-carotene of SRR 6:4 

was higher than SRR 7:3 and 8:2. The stability of β-

carotene levels with SRR 6:4 > 7:3 > 8:2 occurred in 

both palm stearin and palm kernel stearin as solid lipid. 

It has also been proven that SRR and solid lipid sources 

could affect β-carotene levels. Storage for 90 days may 

cause degradation of β-carotene, even though, in this 

case, SRR 6:4-PKS showed a more considerable β-

carotene retention of 96.34% (Table 1).  

Evaluation of the slope value of each trendline 

showed that the SRR 6:4-PKS had a lower slope of -

0.1954 (Table 1), which meant that for every 1% 

addition of the storage duration variable, there was a 

decrease of β-carotene of 0.1954 when using palm kernel 

stearin as the solid lipid. Meanwhile, based on the slope 

tests on all trendlines, there was a significant difference 

(p<0.05). NLC-RPO using SRR 6:4 with palm kernel 

stearin as solid lipid had a lower slope of -0.195, 

indicating that it performed higher entrapment than other 

SRR. Palm kernel stearin had more solid fat content 

(SFC) than palm stearin at 10-27°C (Hasibuan dan 

Siahaan, 2013).  

3.3 Physical stability of nanostructured lipid carriers-

red palm oil after centrifugation, cooling and heating 

during storage 

In this study, the stability of NLC-RPO was 

determined based on turbidity value, and it was 

expressed as stable if the turbidity was below 1% (Cho et 

al., 2008). As seen in Figure 4, the turbidity of all NLC-

RPO was raised after 90 days of storage; however, as it 

was still below 1%, it could be declared stable during 

storage. The use of palm stearin as the solid lipid showed 

a high turbidity change after the cooling and heating test 

(Figure 4a). On the other hand, the use of palm kernel 

stearin as the solid lipid showed more stability in the 

cooling and heating test because the turbidity value on 

day 90 was less than 0.45% (Figure 4b).  

The results of the slope test are shown in Table 2. 

Figure 1. Entrapment Efficiency (EE) of NLC-RPO β-

carotene. RPO: red palm oil, PS: palm stearin, PKS: palm 

kernel stearin.  

A B 

Figure 2. TEM photograph of β-carotene loaded NLC-RPO in 

SRR 6:4 with (A) palm stearin, (B) palm kernel stearin as 

solid lipid after preparation (bar scale is 50.0 nm). 

Figure 3. β-Carotene stability of NLC-RPO during storage for 

90 days, with palm stearin (a) and with palm kernel stearin (b) 

as solid lipid. SRR: solid lipip to RPO ratio, RPO: red palm 

oil, PS: palm stearin, PKS: palm kernel stearin. 
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There was an increase in the slope value after the 

centrifugation and heating test. Nevertheless, the cooling 

test generally showed a decrease in the slope value 

compared to the initial condition of each SRR. An 

increased slope indicated a decline in the stability of 

NLC-RPO. Instability systems could be detected by 

observing the occurrence of creaming, oil phase 

separation, or sedimentation of the NLC after 

centrifugation, cooling, and heating treatments (Liu et 

al., 2014). The initial slope value of NLC-RPO at SRR 

6:4 with palm stearin and palm kernel stearin as the solid 

lipid did not show a significant difference in slope 

SRR 

β-carotene in NLC-RPO (ppm)  β-carotene 

retention after 

90 days (%) 

Linear regression Storage (days) 

0 30 60 90 

6:4-PS 15.60 14.76 14.34 14.11 90.42 Y = -0.4902x + 15.927 R2 = 0.9274 

7:3-PS 14.85 13.65 13.32 12.88 86.71 Y = -0.6254x + 15.240 R2 = 0.9096 

8:2-PS 12.78 12.64 12.01 11.44 89.54 Y = -0.4631x + 13.374 R2 = 0.9463 

6:4-PKS 15.54 15.06 15.01 14.97 96.34 Y = -0.1954x + 15.685 R2 = 0.9194 

7:3-PKS 14.19 13.83 12.64 12.59 88.72 Y = -0.5993x + 14.811 R2 = 0.8996 

8:2-PKS 12.67 12.43 11.46 11.64 91.87 Y = -0.4063x + 13.065 R2 = 0.7884 

Paired 

slope test 

6:4-PS vs. 7:3-PS *, 6:4-PS vs. 8:2-PS *, 7:3-PS vs. 8:2-PS*,  

6:4-PKS vs. 7:3-PKS *, 6:4-PKS vs. 8:2-PKS*, 7:3-PKS vs. 8:2-PKS*,  

6:4-PS vs. 6:4-PKS *, 7:3-PS vs.7:3-PKS*, 8:2-PS vs. 8:2-PKS* 

Table 1. Linear regression of β-carotene content in the NLC-RPO during storage for 90 days. 

SRR: solid lipid to RPO ratio, RPO: red palm oil, PS: palm stearin as solid lipid, PKS: palm kernel stearin as solid lipid.  

* significantly different between slopes at p<0.05.  

Figure 4. Physical stability of NLC-RPO during storage for 90 days, each with palm stearin (a) and with palm kernel stearin (b) 

as solid lipid. SRR: solid lipip to RPO ratio, RPO: red palm oil, PS: palm stearin, PKS: palm kernel stearin. 

SRR 
Linear regression of NLC-RPO stability during storage for 90 days 

Initial (Before test) After centrifugation After cooling After heating 

6:4-PS 
Y = 0.378x + 0.1463 

R2 = 0.9624 

Y = 0.0465x + 0.1535 

R2 = 0.9051, st* 

Y = 0.0522x + 0.2925 

R2 = 0.8192, st* 

Y = 0.0518x + 0.234 

R2 = 0.8964, st* 

6:4-PKS 
Y = 0.038x + 0.155 

R2 = 0.9757 

Y = 0.0346x + 0.1877 

R2 = 0.9792, st* 

Y = 0.0238x + 0.3163 

R2 = 0.6525, st* 

Y = 0.054x + 0.17 

R2 = 0.9287, st* 

  st.ns st* st* st* 

7:3-PS 
Y = 0.043x + 0.1734 

R2 = 0.997 

Y = 0.0465x + 0.1535 

R2 = 0.9051, st* 

Y = 0.034x + 0.391 

R2 = 0.5655, st* 

Y = 0.0532x + 0.2565 

R2 = 0.8949, st* 

7:3-PKS 
Y = 0.03x + 0.1722 

R2 = 0.9731 

Y = 0.0262x + 0.2203 

R2 = 0.8779, st* 

Y = 0.0248x + 0.3391 

R2 = 0.6786, st* 

Y = 0.0514x + 0.2026 

R2 = 0.9041, st* 

  st* st* st* stns 

8:2-PS 
Y = 0.0346x+0.2009 

R2 = 0,9136 

Y = 0.0428x + 0.1935 

R2 = 0.882, st* 

Y = 0.0145x + 0.4361 

R2 = 0.4032, st* 

Y = 0.0387x + 0.3309 

R2 = 0.8704, st* 

8:2-PKS 
Y = 0.0263x+0.1993 

R2 = 0.5988 

Y = 0.0166x + 0.2687 R2 

= 0.5641, st * 

Y = 0.019x +0.3849 

R2 = 0.7291, st* 

Y = 0.0485x + 0.2424 

R2 = 0.9252, st* 

  st* st* st* st* 

Table 2. The linear regression of NLC-RPO stability during storage for 90 days before (initial) and after centrifugation, cooling 

and heating test. 

SRR: solid lipid to RPO ratio, RPO: red palm oil, PS: palm stearin as solid lipid, PKS: palm kernel stearin as solid lipid, st: slope 

comparison test, ns: no significant difference.  

* significantly different between slopes at p<0.05.  
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(p<0.05). The slope of NLC-RPO at SRR 6:4 with palm 

kernel stearin as the solid lipid was lower than the use of 

palm stearin as the solid lipid after centrifugation, 

cooling, and heating test at SRR 7:3 and 8:2. 

Nevertheless, in this case, turbidity was detected below 

1% without creaming and phase separation or 

sedimentation. Therefore, NLC-RPO was considered to 

be stable for 90 days of storage. The NLC use 

surfactant:lipid of 4:1 was reported stable at 

centrifugation, heating and cooling test after 30 days of 

storage (Rohmah et al., 2019a).  

The palm kernel used in this study was more solid 

than palm stearin, which might impact the stability of 

NLC-RPO during cooling. Table 2 shows that the slope 

value dropped after cooling more significantly than the 

slope after centrifugation and heating test (p<0.05). 

Rukmini et al. (2012) reported that the microemulsion 

became unstable when heated at 70°C or higher, while 

the instability slightly increased after centrifugation and 

after 1-2 months. In this investigation, the heating 

exposure was carried out following the findings of earlier 

preliminary studies, which showed that NLC-RPO could 

only be heated at 105°C for a maximum of 15 mins 

before becoming clouded and entering the separation 

phase. An increase in NLC-RPO turbidity after heating 

indicated that heating affected surfactants. According to 

Flanagan et al. (2006), the head-group size of nonionic 

surfactants, particularly, is affected by changes in 

temperature, thereby indirectly affecting their ability to 

solubilize oil.  

 

3.4 Color stability of nanostructured lipid carriers-red 

palm oil during storage 

The color changes of NLC-RPO during 90 days of 

storage at room temperature can be seen in Figure 5. An 

increase in the lightness (L*) value indicated a loss of 

color. The L* of all NLC-RPO increased, however, the 

value of a*, b* and ∆E* were reduced. During 90-day 

storage, all a* values were seen in the negative zone, 

while b* value was in the positive zone, ranging from -

1.12 to -4.63 and 38.08 to 27.58 for the NLC-RPO with 

palm stearin and palm kernel stearin as solid lipid, 

respectively, which indicated the intensity of greenish-

yellow color as in line with Almeida et al. (2018). The 

NLC-RPO with SRR 6:4 of palm kernel stearin showed 

more negative of a* and positive of b* representing the 

efficacy of RPO as a stronger colorant. The change in 

color of NLC-RPO before and after 90 days is shown in 

Figure 6. The NLC-RPO was observed to be greenish-

yellow.  

Figure 5. Color stability of NLC-RPO during storage for 90 days, each L* (A), a* (B) , b* (C), ∆E* (D) value, palm stearin (a), 

dan palm kernel stearin (b) as solid lipid. SRR: solid lipip to RPO ratio, RPO: red palm oil, PS: palm stearin, PKS: palm kernel 

stearin. 

(A) (B) 

Figure 6. The color stability and turbidity of NLC-RPO before 

and after 90 days of storage at room temperature; (A) Initial 0 

days and (B) after 90 days, with (a) palm stearin and (b) palm 

kernel stearin as solid lipid at solid lipid to RPO ratio of 6:4, 

7:3 and 8:2. 
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Based on the slope test (Table 3), the use of palm 

stearin and palm kernel stearin as the solid lipid showed 

significant differences in the slope trendline values of 

L*, a*, b* and ∆E*. In general, the slope value of SRR 

with palm kernel stearin was significantly lower than 

palm stearin as the solid lipid (p<0.05). The value of L* 

with SRR 8:2 showed no significant difference because 

the addition of RPO at a low level caused the small 

effect of carotenoid colorant on the NLC-RPO. The 

increase in L* indicated that oxidation led to a loss of 

orange color in the oil during storage, as all oils became 

more transparent as an effect of degradation (Sikorska et 

al., 2007; Almeida et al., 2018). This prediction was 

consistent with the reduction of the b* value found 

during storage. Overall, the SRR might influence the 

color stability of NLC-RPO as there was a significant 

change in L*, a*, b*, and ΔE* among the SRR during 

storage.  

The ΔE parameter was chosen as an indicator of 

color fading since it allowed the concomitant changes of 

all color parameters to be taken into account. The 

stability threshold based on turbidity value was 1% 

because turbidity >1 showed an indication of cloudiness. 

The total color difference, ΔE, was a combination of the 

parameters (L*, a*, and b* values) used to characterize 

the difference of colors in foods during processing. The 

validated value compromises ΔE<1 for a normally 

invisible difference, 1<ΔE<2 for a very small difference 

that is only obvious to a trained eye, 2<ΔE<3.5 for a 

medium difference that is obvious to an untrained eye, 

and ΔE>3.5 for an obvious difference (Habekost, 2013).  

The visual threshold allowed an average observer to 

distinguish the color difference by at least 3.5 (Table 3). 

Accordingly, the changes in the color of NLC-RPO 

became apparent after 90 days for SRR 7:3 with palm 

stearin, and for SRR 6:4 and 8:2 with palm stearin and 

SRR 8:2 with palm kernel stearin as the solid lipid. In 

comparison, the NLC-RPO at SRR 6:4 and 7:3 with 

palm kernel stearin as the solid lipid showed no 

significant difference in their color after 90 days of 

storage. Such color changes during storage were mainly 

caused by the photodegradation of the carotenoids and 

the presence of oxygen in the headspace is also a 

contributing factor in the β-carotene degradation 

(Rodriguez-Amaya and Kimura, 2004).  

3.5 pH stability of nanostructured lipid carriers-red 

palm oil during storage 

The change in pH value as one of the parameters of 

the physical stability of NLC-RPO during storage for 90 

days at room temperature is shown in Figure 7. The 

initial pH values of the NLC-RPO with the formula SRR 

6:4, 7:3, and 8:2 in palm stearin and palm kernel stearin 

as the solid lipids were 6.38, 6.41, 6.46, and 6.44, 6.49, 

and 6.54, respectively, but it showed not significantly 

SRR 
Linear regression of color parameters during storage for 90 days 

L* a* b* ∆E* 

6:4 -PS 
Y = 0.887x + 52.200 
R2 = 0.8905 

Y = -0.8210x – 1.5400 
R2 = 0.9917 

Y = -2.7653x + 39.630 

R2 = 0.7634 
Y = -1.0447x + 60.345 

R2 = 0.6068. ∆E = 3.11 

6:4 -PKS 
Y = 0.723x + 52.875  

R2 = 0.9871 
Y = -0.6837x – 2.2783 

R2 = 0.7905 
Y = -2.2160x + 39.872 

R2 = 0.7027 
Y = -0.5780x + 60.377 

R2 = 0.7706., ∆E = 1.84 
  st* st* st* st* 

7:3-PS 
Y = 0.650x + 53.045  

R2 = 0.8719 
Y = -0.7340x – 0.8300 
 R2 = 0.9031 

Y = -2.4277x + 39.717 

R2 = 0.8325 
Y = -1.1613x + 60.095 

R2 = 0.6264. ∆E = 3.53 

7:3-PKS 
Y = 0.733x + 52.875  

R2 = 0.9185 
Y = -0.9637x – 0.8383 

R2 = 0.7716 
Y = -2.6443x + 39.863 

R2 = 0.646 
Y = -0.6993x + 60.132 

R2 = 0.8061, ∆E = 1.99 
  st* st* st* st* 

8:2-PS 
Y = 0.666x + 52.850  

R2 = 0.8901 
Y = -0.8993x – 0.5183 

R2 = 0.881 
Y = -3.3477x + 38.980 

R2 = 0.773 
Y = -0.8480x + 58.808 

R2 = 0.6729. ∆E = 2.33 

8:2-PKS 
Y = 0.655x + 52.940  

R2 = 0.908 
Y = -0.6760x – 1.4967 

R2 = 0.8538 
Y = -3.1110x + 37.973 

R2 = 0.7357 
Y = -0.7793x + 59.563 
R2 = 0.8631, ∆E = 2.23 

  st. ns st* st* st* 

Table 3. The linear regression of color stability of NLC-RPO during storage for 90 days. 

SRR: solid lipid to RPO ratio, RPO: red palm oil, PS: palm stearin as solid lipid, PKS: palm kernel stearin as solid lipid, st: slope 

comparison test, ns: no significant difference.  

* significantly different between slopes at p<0.05.  

Figure 7. pH stability of NLC-RPO during storage for 90 days 

each (a) with palm stearin, (b) with palm kernel stearin as 

solid lipid. SRR: solid lipip to RPO ratio, RPO: red palm oil, 

PS: palm stearin, PKS: palm kernel stearin. 
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different (p<0.05). The changes in pH could be caused 

by the characteristics of RPO, palm stearin, palm kernel 

stearin, and the amount of water in formula NLC-RPO.  

The slope tests for each regression pair with the 

same SRR at different solid lipids showed a negative 

relationship (Table 4). The decrease in pH of NLC-RPO 

during 90 days of storage using palm stearin at SRR 6:4, 

7:3 and 8:2 was not significantly different (p<0.05). The 

decrease in pH of the NLC-RPO with palm kernel stearin 

as the solid lipid at SRR 6:4 to 7:3 and 8:2 formulas 

showed a significantly different slope (p<0.05). There 

was a decrease in pH until 6.23-6.33 after storage for 90 

days. The pH of NLC-RPO ranges from 6.23-6.54 

indicating a close to pH neutral (pH 7) because the 

composition in the NLC system was water of 70%. This 

result was similar to palm stearin-palm olein-NLC had a 

pH range of 6.32-6.47 (Rohmah et al., 2019a). 

 

3.6 Characteristics of particles  

3.6.1 Particle size of nanostructured lipid carriers-

red palm oil 

Characteristics of NLC-RPO particles before and 

after storage for 90 days were analyzed (Figure 8). The 

initial particle size before storage of NLC-RPO that used 

SRR 6:4, 7:3, and 8:2 for both palm stearin and palm 

kernel stearin as the solid lipid were 45.94, 52.56, 82.25, 

and 40.70, 38.0, 46.97 nm, respectively as shown in 

Figure 8(A). After 90-day storage, the particle size did 

not significantly change in almost all formulas (p<0.05). 

The particle sizes were not significantly reported after 

storage (Rohmah et al., 2019a; Rohmah et al., 2020). It 

could be indicated that no coalescence or phase 

separation occurred in the NLC-RPO. However, the 

particle size of NLC-RPO during 90 days of storage was 

detected below 100 nm. The NLC-RPO storage for 30 

days at room temperature also increased to 176-342 nm, 

which still belonged to the nanoscale and had a large 

SRR Linear regression SRR Linear regression SRR Linear regression 

6:4-PS 
Y = -0.0343x + 6.4333 

R2 = 0.7575 
7:3-PS 

Y = -0.0312x + 6.4858 

R2 = 0.323, st.ns 
8:2-PS 

Y = -0.0448x + 6.5511 

R2 = 0.5166, st* 

6:4-PKS 
Y = -0.0537x + 6.53 R2 

= 0.6982 
7:3-PKS 

Y = -0.0887x + 0.6721 

R2 = 0.848 , st* 
8:2-PKS 

Y = -0.0918x + 6.6325 

R2 = 0.8313, st* 
  st*   st*   st* 

Table 4. The linear regression of pH stability of NLC-RPO during storage 90 days. 

SRR: solid lipid to RPO ratio, RPO: red palm oil, PS: palm stearin as solid lipid, PKS: palm kernel stearin as solid lipid, st: slope 

comparison test, ns: no significant difference.  

* significantly different between paired slopes in the same row (SRR 6:4, 7:3 and 6:4, 8:2) and in the same column at the same 

ratio at p<0.05. 

Figure 8. Particle size characteristics of NLC-RPO before and after storage for 90 days, (A) particle size, (B) PDI, (C) Zeta 

potential, (D) Viscosity, (a) with palm stearin and (b) with palm kernel stearin as solid lipid. RPO: red palm oil, PS: palm stearin, 

PKS: palm kernel stearin. Different lowercase letters above or under each bar graph indicate statistically significant difference 

(p<0.05). 
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specific surface area for the bioavailability of bioactive 

compounds (Rohmah et al., 2019a).  

In addition, the surfactant to lipid ratio was fixed at 

1:4 to facilitate the lipid phase and NLC-RPO formed. 

Liquid oil that is added for NLC can be dispersed in a 

lipid matrix and reduce particle size or produce core-

shell type nanocarrier (Zardini et al., 2017). Other 

studies suggested that the droplet size nanoemulsion is 

controlled by surfactants (Rohmah et al., 2019a; Rohmah 

et al., 2019b). Tween 80 is a water-soluble and non-ionic 

surfactant suitable for stabilizing NLCs. Its hydrophile-

lipophile balance (HLB) value of 15 can reduce the 

interface tension and facilitate the dispersion of droplets 

in the emulsion system (Tadros et al., 2005; Liu and 

Wu., 2010).  

The mean particle size and the particle size 

distribution (usually as polydispersity index) are the 

most important characteristics of nanodispersions which 

govern the physical stability, solubility, biological 

performance release rate, turbidity and chemical stability 

(Lakshmi and Kumar, 2010). The usual particle diameter 

of NLC is in the range of approximately 10-1000 nm. 

During NLC production, the particle size of final NLC is 

influenced by a series of factors, depending on the 

utilized method. The most used method for the 

production of NLC is the hot homogenization and 

solvent emulsification–evaporation. The achievable 

particle size in emulsions depends on the adsorption 

kinetic of the emulsifier, the interfacial tension between 

dispersed and continuous phases, viscosities of dispersed 

and continuous phases, volume fraction of dispersed 

phase and mechanical energy input to deform and break 

up the droplets (Gramdorf et al., 2008).  

3.6.2 Polydispersity index of nanostructured lipid 

carriers-red palm oil 

PDI is a measurement of the distribution and 

homogeneity of nanoemulsion droplet size to evaluate 

the stability of a nanoemulsion system. There was no 

effect of the NLC-RPO storage on the PDI (p<0.05), as 

shown in Figure 8(B). Most of the freshly prepared NLC

-RPO were monodispersed-polydispersed. The PDI 

changed during storage with palm stearin and palm 

kernel stearin as the solid lipids were 0.26-0.46 and 0.01-

0.54, respectively. That means, most NLC-RPO were 

homogeneous droplet sizes with small particles causing 

the nanoemulsion system more stable. This proves the 

formula and melting-emulsification-ultrasonication 

method used are suitable for producing stable 

nanoparticles of NLC-RPO.  

The PDI values start from 0.01 to 0.5-0.7 for 

monodispersed particles (Rabima et al., 2018). PDI 

values smaller than 0.05 are mainly seen with highly 

monodisperse standards, and bigger than 0.7 indicates 

that the sample has a vast particle size (Danaei et al., 

2018). Thus, the PDI of NLC-RPO before and after 90-

day storage was categorized as stable monodisperse with 

a maximum PDI of 0.54. The NLC became stable at 

lower PDI because the particle size distribution tended to 

be narrow, and few particles could aggregate. 

3.6.3 Zeta potential of nanostructured lipid carriers-

red palm oil 

Zeta potential before and after the storage was 

presented in Figure 8(C). The Zeta potential of NLC-

RPO using palm stearin and palm kernel stearin as the 

solid lipids were -10.17 to -13.1 mV and -13.13 to -22.67 

mV, respectively, as initial zeta before storage. After 

storage for 90 days, their zeta potential was -13.43 to -

15.23 mV and -14.2 to 15.33 mV. Zeta potential did not 

show a significant difference (p<0.05) before and after 

storage for 90 days. The NLC-RPO of SRR 6:4 with 

palm kernel stearin as solid lipid was observed to have 

the lowest zeta potential of 22.67 mV due to a large 

number of homogeneous colloidal in the dispersion 

system stabilized in the solid lipid matrix. The palm 

kernel stearin had a high solidity of solid lipid matrix 

because of more solid fat content at room temperature. 

Zeta potential in the lycopene-NLC was reported to be -

10.23 to -15.87 mV (Zardini et al., 2017), resveratrol-

NLC -15 mV (Aisiyah et al., 2019), palm olein-palm 

stearin-NLC -21 to -33 mV (Rohmah et al., 2019a).  

Zeta potential with prominent negativity will have a 

steric force that causes the particles to repel each other, 

which makes NLC more stable. This study used a 

nonionic surfactant and there was no significant zeta 

potential change during 90 days of storage (p<0.05). The 

negative charge can be mainly attributed to the steric 

force of Tween 80, although the hydroxyl group of 

Tween 80 creates a slight negative charge (Zardini et al., 

2017). Therefore stabilization nanosuspension by a 

combination of electrostatic (surfactant) and steric force 

(Tween 80), a minimum zeta potential of ±20 mV is 

sufficient for stabilization (Tamjidi et al., 2013). 

3.6.4 Viscosity of nanostructured lipid carriers-red 

palm oil 

The viscosity of NLC-RPO before and after storage 

is presented in Figure 8(D). The viscosity of NLC-RPO 

prepared with palm stearin and palm kernel stearin as the 

solid lipids were in the range of 8.47-9.11 cP and 8.36-

8.97 cP, respectively. The results show a significant 

increase in the viscosity during storage for 90 days 

(p<0.05). Sari et al. (2018) reported an increase in the 

viscosity of red palm olein nanoemulsion during storage 
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at room temperature for up to 12 weeks. The viscosity 

value of the NLC-RPO system depends on the 

composition of the material used, especially the type of 

lipid and surfactant used (Rohmah et al., 2019a). Lipids 

that have low density can affect the system’s stability 

allowing creaming, flocculation, and coalescense. In this 

study, an increasing amount of solid lipid in NLC-RPO 

causes an increase in turbidity and viscosity.  

 

4. Conclusion  

The highest entrapment efficiency of β-carotene in 

NLC-RPO (96.79% dan 96.80%) was obtained at a solid 

lipid to liquid lipid ratio (SRR) of 6:4. The NLC-RPO 

prepared with palm kernel stearin as the solid lipid with 

SRR of 6:4 had the lowest degradation of β-carotene and 

∆E difference. All of the formulated NLC-RPO after 

storage for 90 days at room temperature remained stable 

after centrifugation, cooling, and heating tests. The 

particle size, PDI, and zeta potential of NLC-RPO during 

storage for 90 days were not significantly different, 

however, the viscosity during storage was significantly 

different.  
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