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Manuscript History B-carotene was a powerful antioxidant with analgesic and anti-
inflammatory activity which could be exploited to increase immunity
and prevent chronic and degenerative diseases. f3-carotene was water
insoluble and easily oxidised in water. These properties could be
severe challenges for oral formulation. Therefore, the aim of the study
Key words:- was to formulate Self-Nanoemulsifying Drug Delivery System
SNEDDS, p-carotene, olive oil, SLD. (SNEDDS) of B-carotene to facilitate oral delivery.
SNEDDS of p-carotene consisted of olive oil as the oil phase, Tween
80 as the surfactant and PEG 400 as the co-surfactant. Optimisation of
the composition was achieved with simplex lattice design (SLD)
method, software Design Expert® version 7.1.5. Optimum formula
was determined by observing emulsification time and clarity of the
nanoemulsions. Characterisation included physical stability in
artificial gastric fluid (AGF), size and size distribution of the droplets
and zeta potential value.
The results showed that formula with ratio of 1:8.1:1 of olive oil,
Tween 80 and PEG 400, respectively, for 3 mg/g of B-carotene in
SNEDDS formulation yielded the optimum result reflected by the
emulsification time in AGF, 24.47 + 0.906 seconds, transmittance
value 91.17 + 0.450 % and physically stable in AGF for 4 hours,
droplet size 42.6 nm with polydispersity index 0.608 and zeta
potential value -38.7 mV.
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Introduction:-

B-carotene is a potential antioxidant either in its native form or after being converted into vitamin A. Both act
together as radical scavengers to prevent degenerative diseases such as cardiovascular, cancer, neurodegenerative,
autoimmune diseases, rheumatoid arthritis, cataract and aging (Kasih, 2008, Pham-Huy, et al., 2008, Tapan, 2005).
However, B-carotene is chemically instable. It also possesses low solubility in water, high melting point and low
bicavailability (Qian, et al., 2012). Currently, it has been explored to develop emulsion formulation from B-carotene
to tackle the challenge (Qian, et al., 2012, Silva, et al., 2011, Yuan, et al., 2008). Yet, the presence of water can
reduce the stability of B-carotene (Gupta, et al., 2011), oxygen in water can reduce antioxidant activity (Sutresna,
2008) and water can also mediate the growth of bacteria and further it can increase the risk of bacterial
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contamination (Arisman, 2009). Hence, Self-Nanoemulsifying Drug Delivery System (SNEDDS) is a preferred
method.

SNEDDS is defined as a formulation consists of oil, surfactant and co-surfactant which possesses the ability to
spontaneously form nanoemulsion with droplet size less than 100 nm soon as contact with gastrointestinal fluid
occurs. As a result, the dissolution and absorption increase and, finally, the bioavailability is improved (Nazzal, et
al., 2002).SNEDDS can produce more stable preparation either biologically and chemically and without the
presence of water, the volume of dosage form is reduced. It also eases the administration of dosage form. With its
ability to form droplets with size within 100 nm range, the solubility of water insoluble drugs can be increased and
physical stability can be improved. Further, intestinal permeation can be boosted to aid higher bioavailability (Rane
and Anderson, 2008, Wasan, et al., 2009).

In this research, SNEDDS formulations were prepared using olive oil as the oil phase with consideration that
antioxidant activity of olive oil can protect B-carotene from degradation and increase carotenoid absorption (Vissers,
et al., 2004). The screening of suitable surfactant and co-surfactant was based on the results of the characterisation
of the formulations. Initial characterisations were the emulsification time and clarity of the newly formed
nanoemulsions. Further characterisations included physical stability of nanoemulsions in artificial gastric fluid
(AGF), size and size distribution of nanoemulsion droplets and the zeta potential value. Improved delivery of -
carotene, compared with commercially available dosage form such as in tablet and capsules is the main aim of this
research.

Experimental methods:-

Materials:-

B-carotene (Sigma, United States), olive oil (Brataco, Indonesia), Tween 80 (Kao, Japan), Tween 20 (Brataco,
Indonesia), PEG 400 (Brataco, Indonesia), Propylene glycol (Brataco, Indonesia), Artificial gastric fluid (AGF) that
consists of distilled water (Brataco, Indonesia), NaCl (Merck, Germany), hydrochloric acid 37 % (Merck, Germany)
and NaOH (Sigma, United States).

Methods:-

Initial screening:-

Initial screening was done to find the suitable composition of surfactant and co-surfactant. Olive oil was mixed with
surfactant and co-surfactant in series of composition as seen in Table 1.

Table 1:- Composition of olive oil, surfactant and co-surfactant.

Olive ail Surfactant Co-surfactant

1 1
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The formula was made by preparing the oil, surfactant (Tween 80 or Tween 20) and co-surfactant (PEG 400 or
propylene glycol) based on the composition as shown in Table 1 (5 mL) in a vial and homogenised with magnetic
stirrer for about 10 minutes followed by sonication for 10 minutes. Further mixing was aided by placing the vial in
water bath at 45°C for 15 minutes. The final mixtures were left for 24 hours to be assessed the physical stability
visually at room temperature. The composition which can maintain the stability means the combination of the
composition is compatible.

Stable composition (1 mL) was added into water (100 mL) followed by stirring with magnetic stirrer 100 rpm until
clear and stable emulsion was formed. Clarity of the emulsion was assessed with spectrophotometer at 650 nm.
Droplets of nanoemulsion within nanometer size will have clear appearance as water. System with the lowest
amount of surfactant which can form clear nanoemulsion was chosen as the promising candidate.
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Determination of the best formulation:-

Compositions of olive oil, surfactant and co-surfactant were designed with simplex lattice design with Design
Expert® version 7.1.5. Each formula (4.0 gram) was prepared to contain B-carotene (3.0 mg/g). The upper limit of
olive oil is 13.61 %, Tween 80 80.28 % and PEG 400 13.61 %. The lower limit of olive oil is 9.86 %, Tween 80
76.53 % and PEG 400 9.86 % and the results are 14 formulas as seen in Table 2.

Table 2:- SNEDDS formulations based on Design Expert optimisation

Run Composition (%) Actual composition (g) B-
carotene
(mg)
Olive oil Tween 80 PEG 400 | Olive ail Tween 80 PEG 400
1 11.110 77.780 11.110 0.4444 3.1112 0.4444 12.0
2 9.860 76.530 13.610 0.3904 3.0612 0.5444 12.0
3 9.860 80.280 9.860 0.3904 3.2112 0.3944 12.0
4 12.360 77.155 10.485 0.4944 3.0862 0.4194 12.0
5 13.610 76.530 9.860 0.5444 3.0612 0.3944 12.0
6 10.485 77.155 12.360 0.4194 3.0862 0.4944 12.0
7 11.735 78.405 9.860 0.4694 3.1362 0.3944 12.0
8 13.610 76.530 9.860 0.5444 3.0612 0.3944 12.0
9 11.735 76.530 11.735 0.4694 3.0612 0.4694 12.0
10 11.735 78.405 9.860 0.4694 3.1362 0.3944 12.0
11 9.860 78.405 11.735 0.3944 3.1362 0.4694 12.0
12 10.485 79.030 10.485 0.4194 3.1612 0.4194 12.0
13 9.860 76.530 13.610 0.3944 3.0612 0.5444 12.0
14 9.860 80.280 9.860 0.3944 3.2112 0.3944 12.0

SNEDDS preparation:-

-carotene (12.0 mg) was weighed and placed into a light-impermeable vial. Olive oil, Tween 80 and PEG 400 were
added based on the composition obtained from Design Expert® software version 7.1.5. The mixtures were then
homogenised with magnetic stirrer at 500 rpm for 1 hour followed by 10 cycle of an hour sonication until clear
mixtures were achieved. The mixtures were kept for 24 hours to ensure B-carotene was fully solubilised and
miscible.

Initial physicochemical characterization:-
Initial characterisation included observation of emulsification time and clarity of the nanoemulsion.

Emulsification time was studied in AGF without pepsin. AGF (250 mL) at 37 °C was stirred constantly with
magnetic stirrer (3 cm) at 100 rpm. SNEDDS formulation (1.0 mL) was added to the AGF. Emulsification time was
calculated by observing the time needed from the addition of SNEDDS until it had been fully dispersed and
nanoemulsion was formed.

Clarity of the nanoemulsions were observed by measuring the transmittance with spectrophotometer at 650 nm. The
closest the transmittance to water (supposed to be zero) means the smaller the droplets of the nanoemulsion and
closer to nanometer range.

Determination of optimum SNEDDS formulation:-

Optimum SNEDDS formulation was determined with Design Expert® software version 7.1.5. Free variable was the
composition of olive oil, surfactant and co-surfactant while the bound variable was the emulsification time and the
clarity of nanoemulsion. The desired formula was the one with fast emulsification time and high level of clarity of
the emulsion.
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Verification of optimum formula:-

SNEDDS were then prepared based on the optimum formula obtained from the software. Physicochemical
characterisation and stability in AGF were assessed in the similar way as been done for 14 previous formulas. The
results were then verified with single sample t-test analysis with Openstat® software.

Characterisation of nanoemulsion:-

Physical stability of nanoemulsion in AGF was studied by adding SNEDDS formulation (1.0 mL) into AGF (250
mL, 37 °C) mixed with magnetic stirrer at 100 rpm until SNEDDS was fully dispersed. Homogenous emulsion was
observed every 60 minutes for 4 hours. The unstable emulsion was marked by the increase of turbidity or
aggregation.

Droplet size of the emulsion was observed by emulsifying SNEDDS (1.0 mL) in AGF (250 mL). Sample (5.0 mL)
was taken from the emulsion and analysed with Particle Size Analyser (PSA). Data obtained from the measurement
included average size, size distribution and deviation from the average.

Zeta potential of the droplets of the emulsion was conducted to observe the charge of the surface of the droplets.
Zeta potential value was measured by diluting nanoemulsion (2 drops) with water (5 mL) then mixed thoroughly.
Sample (3 mL) was taken and analysed with PSA.

Results and Discussion:-

Screening of surfactant and co-surfactant:-

The screening was intended to discover the compatible combination of surfactant and co-surfactant with olive oil.
This would accumulate the synergy effect of both substances to reduce the surface tension between oil and water to
facilitate clear and homogenous nanoemulsion. The results could be seen in Table 3.

Table 3:- Screening of surfactant and co-surfactant

Composition Surfactant and co-surfactant
Tween 80 Tween 80 Tween 20 Tween 20

0:S:C PEG 400 PG PEG 400 PG
1:1:1 Immiscible Immiscible Immiscible Immiscible
1:2:1 Immiscible Immiscible Immiscible Immiscible
1:3:1 Immiscible Immiscible Immiscible Immiscible
1:4:1 Immiscible Immiscible Immiscible Immiscible
1:5:1 Immiscible Immiscible Immiscible Immiscible
1:6:1 Miscible* Immiscible Immiscible Immiscible
1:7:1 Miscible* Miscible* Immiscible Miscible*
1:8:1 Miscible* Miscible* Immiscible Miscible*

*) chosen as the candidate

Surfactants chosen for the formulation were Tween 80 and Tween 20. Both were characterised by their high level of
HLB, 15.0 and 16.7, respectively. Co-surfactants for the formulation were PEG 400 and propylene glycol with
moderate level of HLB, 11.4 and 11.6. HLB value of co-surfactant would affect the SNEDDS system to form
nanoemusion. Normally, HLB optimum for the system is between 12 and 20 (Costa, et al., 2012).

As seen in Table 3, Tween 80 was superior compared with Tween 20 as it could generate more formulation with
better level of compatibility with the co-surfactant either PEG 400 or propylene glycol. Tween 80 is known to have
more steric hindrance than Tween 20 formulation owing to its longer hydrocarbon chain to aid better stability of the
emulsion (Murtiningrum, 2013). Besides, Tween 80 is also a derivate of oleic acid which is also a major substance
in olive oil whereas Tween 20 has lauric acid as its main constituent. Olive oil showed better compatibility with
Tween 80 as described by like dissolves like theory (Azeem, et al., 2009). Formulas from Table 3 which were
marked as miscible were then emulsified in water to test if stable nanoemulsions could be achieved by measuring
the transmittance. Clarity of the emulsions were presented in Table 4.
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Table 4:- Clarity of the emulsions

Surfactant and co-surfactant Composition O:S:C Transmittance (%)
Tween 80 and PEG 400 1:6:1 84.5
1:7:1 90.8*
1:8:1 96.9
Tween 80 and propylene glycol 1:7:1 82.0
1:8:1 90.6
Tween 20 and propylene glycol 1:7:1 65.6
1:8:1 70.8

*) chosen for the next optimisation

System with lowest amount of surfactant that could generate nanoemulsion was chosen as the limit of the design of
the formulation. Basically, clear visual appearance with more than 90 % transmittance reflects the small size of the
droplets hence can be chosen as the suitable candidates for the best formula (Costa, et al., 2012). Table 4 presented
the result that mixture of olive oil, Tween 80 and PEG 400 with ratio 1:7:1 was able to produce nanoemulsion with
transmittance higher than 90 % thus it was considered as the base to determine upper and lower limit for the design
of the formulation, as seen in Table 5.

Table 5:- Upper and lower limit of composition of free variable

Free variable Composition (%)
Upper limit Lower limit
Olive ail 13.610 9.860
Tween 80 80.280 76.530
PEG 400 13.610 9.860

Determination of upper and lower limit met the requirement that the sum of upper limit of olive oil, lower limit of
Tween 80 and lower limit of PEG 400 equaled to sum of lower limit of olive oil, upper limit of Tween 80 and lower
limit PEG 400 and equaled to sum of lower limit of olive oil, lower limit of Tween 80 and upper limit of PEG 400
equaled to 100 %. Upper and lower limit were then used to generate the design for SNEDDS composition with
Design Expert® software.

After 24 hours, all the 14 formulations appeared clear and miscible without aggregation and could be classified as
stable mixtures. The results agree with the theory that B-carotene is soluble in oil and that SNEDDS can be used to
tackle the problem related with solubility of B-carotene in water. It also proves that solubility of B-carotene can be
enhanced by the presence of surfactant (Patel, et al., 2011).

Characterisation of nanoemulsion:-

Emulsification time:-

Emulsification time was observed to discover the easiness of nanoemulsion forming process of SNEDDS in
simulated gastric fluid through mild agitation. Results could be seen in Table 6.

Table 6:- SNEDDS characterization.

Run Composition (%) Emulsification time | Transmittance
(second) (%)
Olive oil Surfactant Co- HLB
surfactant

1 11.110 77.780 11.110 14.55 48.22 93.8
2 9.860 76.530 13.610 14.46 28.96 82.1
3 9.860 80.280 9.860 14.61 24.13 87.5
4 12.360 77.155 10.485 14.57 53.31 89.1
5 13.610 76.530 9.860 14.59 63.10 87.0
6 10.485 77.155 12.360 14.50 21.44 79.7
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7 11.735 78.405 9.860 14.60 55.10 90.7

8 13.610 76.530 9.860 14.59 40.19 95.2*

9 11.735 76.530 11.735 14.52 28.76 87.1

10 11.735 78.405 9.860 14.60 37.85 91.7

11 9.860 78.405 11.735 14.53 23.13 89.4

12 10.485 79.030 10.485 14.58 29.28 89.6

13 9.860 76.530 13.610 14.46 30.25 85.6

14 9.860 80.280 9.860 14.61 16.13* 92.7

*) Optimum formula

Normally, SNEDDS should be able to be fully dispersed in gastric fluid in less than one minute. Optimum formula
based on emulsification time is the formula with the least time. Hence, based on Table 6, formula 14 was chosen as
the best formula as the emulsification time was the fastest, 16.13 seconds. HLB value of the system was 14.61. It
reflected the ability of the mixture of surfactant and co-surfactant to mediate the solubilisation of B-carotene in water
by forming surface film between water and oil. Co-surfactant acts by slipping and creating voids in between
surfactants arrangement so that it is swollen yet the fluidity increases to facilitate the forming of nanoemulsions.
Higher HLB value means higher level of hydrophilicity thus faster emulsification time (Syamsuni, 2006).
Emulsification time of each formulation was then analysed with Design Expert® software version 7.1.5. to find out
the effect of each component or the interaction between them.

Graph of normal plot of residuals was made by plotting normal data of percentage of probability versus internally
studentised residuals or the standard deviation of predicted response value and observed response value. Internally
studentised residuals was obtained by dividing the difference of observed response and the predicted value with the
standard deviation of difference of both values. Figure 1 shows that the data was distributed normally as reflected by
the distribution of the data around and follow the diagonal normal line. It means data obtained from the experiments
spread between two real value of the upper and lower limit. Further analysis was ANOVA with confidence level of
95 %, as seen in Table 7.

Table 7:- ANOVA result of emulsification time in AGF.

Source F value p value Note
Prob> F
Model (linear mixture) 8.01 0.0071 Significant
Lack of fit 0.82 0.6154 Not Significant
Normal Plot of Residuals
gs_g =
90 3 =
- 80 =
£ 70 el
8 50 = =
£ ™
= 20 _ o
w -
£ 10 2 o
2 53 o

T T | I I
-1.91 -1.03 -0.15 0.73 1.61

Internally Studentized Residuals
Figure 1:- Normal plot of residuals of emulsification time in AGF.

Linear mixture was the most suitable ANOVA method with F value 8.01 and p value is less than 0.05. The model is
denoted as significant which means alteration of the composition of each of the formula greatly affects the response,
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in this case is emulsification time. Lack of fit model generates the p value of more than 0.05 and it means that there
is no significant difference between observed and predicted data. Based on data from Table 7 and SLD with Design
Expert® software version 7.1.5., mathematic equation can be drawn (equation 1).

Y =770.03A —60.48B —28.36C........c.cevvvnnnn.n. (1)
Note:

Y = response (emulsification time)

A = fraction of olive oil

B = fraction of Tween 80

C = fraction of PEG 400

Positive value of the coefficient means the component gives positive/ synergic impact while negative means the
effect is antagonist with the response (Huang, et al., 2004). The obtained equation exhibits that fraction of olive oil
increases the response or slowing down the emulsification time, while Tween 80 and PEG 400 both reduce the
emulsification time. Increasing the amount of olive oil in the formulation will result in lower proportion of
surfactant and co-surfactant whereas both the latter are needed to facilitate the emulsification thus the emulsification
time is longer and vice versa (Obitte, et al., 2011).

The higher the value of the coefficient means the bigger impact towards the response (Huang, et al., 2004). The
equation shows that the fraction of olive oil possessed the biggest impact and PEG 400 impacted the least to alter the
emulsification time as seen in Figure 2. It explains the relation of each component and emulsification time. Area in
blue reflected the area with biggest impact towards emulsification time. Optimum response of emulsification time
(16.13 seconds) was achieved with composition of 9.86 % olive oil, 80.28 % Tween 80 and 9.85 % PEG 400 or
1:8.1:1 (formula 14).

A: Olive Oil
13.610

40.1508

2
9.860

£ 29.7694 L
80.280 9.860 13.610
B: Tween 80 C: PEG 400

Emulsification Time

Figure 2:- Contour plot of emulsification time in AGF

Clarity:-

Clarity is one of the parameters to define nanoemulsion. Measurement of clarity can be done by observing the value
of transmittance with spectrophotometer. The experiment was conducted in AGF medium to study the characteristic
of nanoemulsion in gastric fluid. The result was shown in Table 6.
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Optimum clarity is achieved if the value of the transmittance is the highest possible or closer to 100 % (Bali, et al.,
2011). It is well accepted that transmittance value higher than 90 % is considered as sufficient to be recognised as
emulsion with nano-sized for the droplets of oil in water (Costa, et al., 2012). In contrast to the result of
emulsification time which implied that formula 14 was the optimum one, based on the clarity the optimum formula
was achieved by formula 8 with transmittance value 95.2 %.

Similar analysis with Design Expert® software version 7.1.5. to analyse the effect of each component towards
turbidity or clarity of the emulsions. Figure 3 points that the data are distributed normally as seen in emulsification
time results. Further statistical analysis with ANOVA is presented in Table 8.

Table 8:- ANOVA result of clarity of emulsion.

Source F value p value Note

Prob> F
Model (linear mixture) 4,79 0.0319 Significant
Lack of fit 0.79 0.6320 Not significant

Normal Plot of Residuals

Normal % Probability
5]
0

-1.94 -1.05 -0.16 073 1.62

Internally Studentized Residuals
Figure 3:- Graph of normal plot of residuals clarity of nanoemulsions

F value of the linear mixture model in ANOVA analysis was 4.79 and p value was lower than 0.05 resulting the
model was considered as significant which means even slight change in the proportion of the composition will
significantly alter the turbidity of the emulsion. Lack of fit method showed p value was higher than 0.05 which
meant no significant difference between observed and predicted data.

Based on Table 8 and SLD, mathematical equation can be drawn as seen in equation 2 below:
Y =117.31A+110.92B-97.54C.......ccceveeeninnnn. )
Note:
Y =response clarity of the emulsion
A = fraction of olive oil in formulation
B = fraction of Tween 80 in formulation
C =fraction of PEG 400 in formulation

Similar interpretation method of the data as applied towards emulsification time was applied to assess the clarity and
it showed that olive oil and Tween 80 increased the clarity. It is in contrast with the theory that states that oil will
reduce the transmittance because the increase of oil proportion will increase the size of the droplets and induce the
increase of turbidity or lower clarity. However, the phenomenon can be explained by the fact that olive oil can
solubilize B-carotene thus facilitate the dissolution and the final effect is increase of transmittance or the clarity.
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Besides, it is also possible that the dominant factor is the presence of surfactant. Tween 80 as the surfactant works
by reduce the surface tension between oil and water to produce small size of emulsion droplets (Dash, et al., 2015).
PEG 400, based on the equation, will reduce the clarity of the nanoemulsion. It is as stated by some researcher that
the ability of co-surfactant to increase the solubility of water insoluble drugs is followed by the increase of the size
of the emulsion droplets (Zhao, et al., 2010). Based on the equation, it can be said that fraction of olive oil has the
highest impact towards the clarity while PEG 400 the least.

Different compositions of olive oil, Tween 80 and PEG 400 generated different transmittance value, as seen in
Figure 4. Area with yellow colour gave the highest transmittance. As the proportion of olive oil and Tween 80
increased, the transmittance increased while PEG 400 gave opposite result. Formula 8 with olive oil, Tween 80 and
PEG 400 with ratio of 13.61 %: 76.53 %: 9.86 % produced nanoemulsion with 95.2 % transmittance and was
considered as the best formula based on the clarity.

A: Olive Qil
13.610

87.2053
/ 35.8624

80.280 9.860 13.610
B: Tween 80 C: PEG 400

Transmittant

Figure 4:- Contour plot of the clarity of hanoemulsion

Optimisation of the formula:-

Optimisation of SNEDDS formulation was constructed with Design Expert® software version 7.1.5. with SLD
method. The chosen bound variable, or responses, were evaluated towards the modification of the composition of
olive oil, Tween 80 and PEG 400. Physical stability of nanoemulsion was no longer considered as the parameter as
all of the formulas stayed stable during the experiment regardless of the formulation. The desired formula is the one
with low emulsification time and high transmittance.

Based on Figure 5, the recommended formula was formula 14 with 9.86 % olive oil, 80.28 % Tween 80 and 9.86 %

PEG 400 with the highest desirability level of this experiment, 0.773. Verification is needed to compare the obtained
results and predicted results to verify the reproducibility.
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A: Olive Qil
1%.610

0.701169

Prediction
26,
80.280 9.860 13.610
B: Tween 80 C: PEG 400
Desirability

Figure 5:- Superimposed of contour plot emulsification time and clarity

The results of the experiment were verified with single sample t-test with OpenStat® and were presented in Table 9.
p value from both of the responses was higher than 0.05 which implied that there was no significant difference
between observed and predicted results. This result also supported the suggestion that the optimum formula passed
the verification test.

Table 9:- Verification of optimum formula.

Response Predicted value Observed value + SD p value
Emulsification time 24.58 24.47 + 0.906 0.853
Transmittance 90.99 91.17 £ 0.450 0.560

Characterisation of optimum formula:-

Physical stability of nanoemulsion in AGF:-

Physical stability of nanoemulsion was observed to test the stability in AGF medium. The system is stable if there is
no aggregation or precipitation during the testing period. Stable nanoemulsion is achieved if olive oil which contains
B-carotene is still covered with surfactant and co-surfactant to prevent the leaking of B-carotene which further forms
aggregates between each particles.

Physical stability was achieved by the suggested formulation in AGF at 37 °C for 4 hours. It implies that the
formulation can stay for 4 hours in gastric fluid as the simulation of gastric emptying time which means
nanoemulsion is able to stay in nanometre scale when absorbed from the intestine.

Stability is maintained because surfactant is able to reduce the surface tension and prevent coalescence between the
droplets of emulsion. Component of emulsion with lower surface tension will spread and turn to be a continue
phase. At the same time, surfactant molecules will draw themselves to the surface to prevent coagulation of
dispersed phase. Non-ionic surfactants such as Tween 80 increase emulsion stability by forming inter surfaces film
with high elasticity to keep distance between particles (Danov, et al., 2001). Co-surfactant will assist dispersion and
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dissolution of B-carotene by connecting surfactant molecules to support stability of reduction interface tension
(Mou, et al., 2008).

Size and size distribution of droplets of nanoemulsion:-

Size of the droplets of nanoemulsion is a crucial factor as it can affect the dissolution of -carotene from the dosage
form (Parmar, et al., 2011). Size distribution is used as parameter to verify the uniformity and reliability of the
method to prepare nanoemulsion. The result can be seen in Figure 6.

Cumulant Operations

Z-Average : 42.6 nm
PI : 0.608
e = Moo S e VAR AL :_100
30] - _—90
* 267 .
o ] 270 i
B 20 c6o g
5 15- s
& 1 e D
o 10+ Z30 g
] T
B 5_1 ; —20 =)
J —10
o‘i 1 I lIIIlll 1 } Sust B B 0 I| 1 1 IlIIIII L} 1 ll!!l' 1 1 Illlllr‘
0.1 1 10 100 1000 10000

cei b e e Bieec e
Figure 6:- Size and size distribution of nanoemulsion

Size of the droplets was analysed with particle size analyser and the result shows that average size of the droplet was
42.6 nm, far below 100 nm, limit of nanoemulsion size. The size is also smaller than 400 nm, size of blood vessels
which means nanoemulsion can be easily transported through circulatory system (Lalwani, et al., 2013, Larsen, et
al., 2012, Thakur, et al., 2013). However, we can also notice that not all of the droplets were in the same size. For
this purpose, polydispersity index (P1) was calculated to assess the uniformity of the droplet size, the closer the
value to 0 means the system is more homogenous (Elsheikh, et al., 2012, Patel, et al., 2011). PI from the experiment
was 0.608 thus it could be said that the droplets size was homogenous. Yet, further study is emerging to produce
nanoemulsion with droplets size less than 100 nm for the whole formulation and lower Pl value. One of the
suggested method is to use combination of hydrophilic and lipophilic surfactants to produce smaller size of
nanoemulsion droplets (Suhendra, et al., 2012).

Zeta potential of droplets of nanoemulsion:-

Zeta potential is measured to observe the surface charge of the droplets that is related with electrostatic interaction
of the nanoparticles. Zeta potential reflects the balance ofrepulsion and attraction forces between the particles
(Martin, et al., 1993). Average zeta potential value of the droplets of nanoemulsion was -38.7 mV, as seen in Figure
7. The value is negative because of the presence of the free fatty acid as one of the component of olive oil and
Tween 80 in SNEDDS formulation (Balakumar, et al., 2013). The value is considered optimum if more than +30
mV (Singh and Liliard, 2009). Therefore, the droplets of nanoemulsion possesses sufficient balance of repulsion and
attraction forces to prevent flocculation.
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Figure 7:- Zeta potential value

Conclusion:-

SNEDDS of p-carotene with concentraction of 3 mg/g can be formulated with ratio of 9.860 %: 80.280 %:
9.860 % or 1:8,1:1 olive oil, Tween 80 and PEG 400, respectively. SNEDDS can produce nanoemulsion in
24.47 £+ 0.906 seconds after contacting with artificial gastric fluid with 91.17 + 0.45 % transmittance, sufficient
stability at gastric fluid for 4 hours, average droplet size 42.6 nm with polydispersity index 0.608 and zeta
potential value -38.7 mV.
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