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Abstract
Natural extracts have widespread application because some can be used as
antioxidants in pharmacological cosmetics. In this study, the ethanol extract of the dried leaves
of the Eichhornia crassipes was prepared. Nano-emulsion of crude extract was developed by
multiple emulsion homogenization techniques. Span 80 and tween 80 were used as emulsifiers
in which oil phase and surfactant were virgin coconut oils and nonyl phenol ethoxylate with
ratios of water, emulsifier and oil of 80:10:10, 70:20:10 and 70:10:20 and different ratio of coemulsifier between span 80 and tween 80 at 0:2, 0.5:1.5, 1:1, 1.5:0.5 and 2:0. Emulsion
extract was homogenized for 10-60 minutes at 2000-4000 rpm. Particles size and electrokinetic
potential of emulsion extracts were determined by dynamic light scattering method. The
droplet size was decreased by increasing surfactant concentration and time of homogenization.
The smallest droplet size of the nano-emulsion consisting of 80:10:10 of water, emulsifier and
oil in emulsifier of tween 80: span 80 at the ratio of 7.5:2.5, homogenized for 60 minutes at
2000-4000 rpm. was in the range of 100 to 400 nm. The nano-encapsulation of E. crassipes
extract would be potential for the delivery of bioactive compounds.
Keywords: emulsion, Eichhornia crassipes extract
Introduction
Plants extracts are nowadays highly demanded as food, medicine, health and care
products. They contain many active compounds such as alkaloids, steroids, tannins, glycosides,
volatile oils, fixed oils, resins, phenols and flavonoids which have properties like antiinflammatory anti-cancer antioxidant and antibacterial (Kähkönen et al., 1999; Embuscado,
2015). Antioxidant is a compound that can delay or inhibit the oxidation of lipids or other
molecules by inhibiting the initiation or propagation of oxidizing chain reactions (Shahidi &
Zhong, 2015; Oroian & Escriche, 2015). Eichhornia crassipes is the aquatic weed that is very
fast growing plant and causes serious problems (Ganguly et al., 2012). However, E. crassipes
extracts have received considerable attention since they provide rich sources of natural
bioactive compounds with antimicrobial, antitumor, antiviral and antioxidant activities (Ganguly
et al., 2012; Silva et al, 2015; Shanab & Shalaby, 2012).
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The applications of nanotechnology and nanomaterials can be found in cosmetic
products including moisturizers, hair care products, makeup and sunscreen. Emulsion is defined
as a heterogeneous system, consisting at least two immiscible liquids or phases. One of which
is dispersed as droplets in the other liquid, for example, oil dispersed in water (o/w emulsion)
or water dispersed in oil (w/o emulsion) (Khan et al., 2011; Solans et al., 2005). The design
and development of effective formulations are often referred to in the literature as
nanoemulsion (Khan et al., 2011; Solans et al., 2005), miniemulsion (Landfester, 2003) and
microemulsion (Solans & García-Celma, 1997). Nanoemulsion is referred as the droplets size
range in 20-500 nm (Khan et al., 2011). However, the emulsion preparations still represent
some drawbacks such as an instability that can be classified into four phenomenons:
flocculation, creaming, coalescence and breaking. Important factors of emulsion properties are
formulation and process parameter in the preparation (Gutiérrez et al., 2008; Gupta et al.,
2016). The formulation of emulsion consists of oil water and surfactant. Emulsion can be
stabilized by adding some emulsifiers such as surfactants, polymers and solid particles (Gupta
et al.,2016; Bouchemal et al., 2004; Tadros et al., 2004). The hydrophilic – lipophilic balance
(HLB) is one crucial parameter, which conventionally determines the type and stability of
emulsion. The combinations of hydrophilic and hydrophobic surfactants can provide better
performance than the pure surfactant (Lv et al., 2014; Zhang & Que, 2008; Orafidiya &
Oladimeji, 2002; Anton et al., 2008). There are two methods of process parameters in the
emulsion preparation, high-energy and low- energy. The high-energy emulsion method is able
to make small droplet size and increase emulsion stability. The high-energy emulsification
method includes high-shear stirrers, high pressure homogenizers and ultrasound generators.
The low-energy emulsion method, making use of internal chemical energy stored in the
components by changing the spontaneous curvature of the surfactant, includes emulsion
inversion point and phase inversion temperature (Anton et al, 2008; Meesathien &
Phromyothin, 2016; Fernandez et al., 2004).
In this work, the ethanol extract of the dried leaves of the Eichhornia crassipes was
prepared. Nano-emulsion of the crude extract was developed by multiple emulsion
homogenization technique. Span 80 and tween 80 were used as emulsifiers in the formulation
of emulsion in which oil phase and surfactant were virgin coconut oils and nonyl phenol
ethoxylate, respectively.
Materials and methods
Meterials

Eichhornia crassipes leaves were collected from Prawet burirom canal. Ethanol and
hexane were obtained as reagent grade chemical from Carlo Erba and used without further
purification. Disodium EDTA was obtained from Sigma Aldrich. Vergin coconut oil and propylene
glycol were obtained in cosmetic quality. Sorbitan oleate (span 80) polysorbate 80 (tween 80)
and nonylphenol ethoxylate (NP9) were obtained as reagent grade chemical from Acros
Organics.
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Preparation of Eichhornia crassipes extract
Fresh leaves of Eichhornia crassipes were cleaned and dried with hot air oven at 40ºC
for 24 hours. They were grinded and kept at 8ºC. Eichhornia crassipes powder (5 g) was
leached with hexane (100 mL) and extracted with ethanol (100 mL) by Sohlxlet extraction at
70ºC for 24 hours. The extraction was concentrated by rotary evaporator at 40 rpm, 500 mbar,
30ºC and kept the crude extract in amber glass bottle at 8ºC.
Emulsion preparation
The emulsions were prepared in the ratio of water, emulsifier and oil as
80:10:10,70:20:10 and 70:10:20 with the different ratios of co-emulsifier between span 80 and
tween 80 as 0:2, 0.5:1.5, 1:1, 1.5:0.5 and 2:0. Vergin coconut oil was stirred at speed of 300
rpm in a 100 mL beaker at room temperature. Span 80 and tween 80 were added into the oil
phase and then stirred at 300 rpm for 5 min at 80๐C, then water was added and stirred at 300
rpm for 30 min. The emulsion was homogenized by homogenizer at 2000-4000 rpm for 10-60
min. Finally, nano-emulsion was analyzed a particle size distribution and pH value.
Results and discussion
The emulsion formulations were prepared in different ratios of water, emulsifier, oil and
co-emulsifier which are span 80 and tween 80.
The effect of ratio of water, emulsifier and oil
The pH value of the milky emulsion was measured at 25ºC by pH meter (starter 3100,
ohaus). pH values of emulsion are in the range of 6.96 - 7.30 which is neutral. Therefore, it can
be used on living organisms and does not irritate the skin. Considering the droplet size, the
emulsion formulation of water, emulsifier and oil in the ratio of 80:10:10 presented the particle
size smaller than those from the ratio of 70:20:10 and 70:10:20 whereas the co-emulsifier
between tween 80 and span 80 in the ratio of 7.5:2.5 presented the smallest size at 1479.1
nm.

pH value of different formulations
7.4

pH

7.2

7
6.8
6.6
tween80:span80

Fig. 1 pH values of different formulations (water: emulsifier: oil)
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Fig. 2 Particale size (nm) of different formulations (water: emulsifier: oil)
Table 1 Characterization of pH value, Particle size
24 hours of formulation.
Ratio of
Ratio of
water: copH
Tween80:span8
emulsifier:
value
0
oil
0:10
7.09
2.5:7.5
7.00
80:10:10
5:5
6.87
7.5:2.5
6.96
10:0
7.08
0:10
7.3.0
2.5:7.5
7.03
70:10:20
5:5
6.96
7.5:2.5
7.05
10:0
7.24
0:10
7.30
2.5:7.5
7.11
70:20:10
5:5
7.01
7.5:2.5
6.98
10:0
7.21
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(nm), Physical observation and phase after
Particle
size
(nm)
3330.3
2448.4
1979.0
1479.1
1702.8
3177.5
3297.7
1756.9
2898.7
1613.3
3850.5
2839.1
4584.2
1687.8
2477.8

Observation
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky
Milky

emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion
emulsion

Phase after
24 hour
Separation
Separation
Separation
Stable
Separation
Separation
Separation
Stable
Separation
Separation
Stable
Stable
Separation
Separation
Separation
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The parameter of homogenization
The emulsion formulation selected for studying the homogenization parameter
contained water:emulsifier:oil in the ratio of 80:10:10 and co-emulsifier with tween 80 and
span 80 in the ratio of 7.5:2.5. The parameters of high homogenizer at speed test of 2000 and
4000 rpm for 10, 15, 30 and 60 min were studied. The results showed that the particle size at
10 and 60 min of homogenization at speed test of 2000 rpm was smaller than that of 4000 rpm
whereas 15 and 30 min of homogenization at the speed test of 4000 rpm gave smaller particle
size than that of 2000 rpm. The particle size obtained from the homogenization at speed test of
2000 and 4000 rpm for 10 min were 1764.5 and 1876 nm, respectively. Increasing the time of
homogenization at both 2000 and 4000 rpm to 60 min resulted in the formation of smaller
particle size at 302.1 and 312.7 nm., respectively. Therefore, speed and time test increasing of
high homogenizer affect nano-emulsion particle size.
Table 2 Particles size of ratio water:co-emulsifier:oil (80:10:10) with the ratio of
tween80:span80 (1.5:0.5) at different speed and time of homogenization
Particle size (nm)
Speed
(rpm)

Time (min.)
10

15

30

60

2000

1764.5

1624.9

1044.4

302.1

4000

1876.0

1479.1

909.5

312.7

Conclusion
The best emulsion formulation which was suitable for preparation of nano-emulsion of
Eichhornia crassipes extract consists of water, emulsifier and oil in a ratio of 80:10:10 and coemulsifier having tween 80 and span 80 in the ratio of 7.5:2.5 at the homogenization time for
60 min at 2000 or 4000 rpm. The size of emulsion was in the range of 302.1-312.7 nm. Highhomogenization parameter leads to smaller droplet size by increasing time or speed of
homogenization. The nano-encapsulation of E. crassipes extract would be potential for the
further delivery of bioactive compounds.
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