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Abstract: In the present study, oil-in-water (O/W) sunscreen emulsions were prepared containing
different portions of lignin (LGN), multiwall carbon nanotubes (MWCNTs) and graphene oxide (GO)
nanoadditives. The stability in terms of pH and viscosity of emulsions was thoroughly studied for
up to 90 days, exhibiting high stability for all produced O/W emulsions. The antioxidant activity
of emulsions was also analyzed, presenting excellent antioxidant properties for the emulsion that
contains LGN due to its phenolic compounds. Moreover, the emulsions were evaluated for their
ultraviolet (UV) radiation protection ability in terms of sun protection factor (SPF) and UV stability.
SPF values varied between 6.48 and 21.24 while the emulsion containing 2% w/v MWCNTs showed
the highest SPF index and all samples demonstrated great UV stability. This work hopefully aims to
contributing to the research of more organic additives for cosmetic application with various purposes.

Keywords: O/W emulsions; kraft lignin; MWCNTS; graphene oxide; nanoadditives; sun protection
Factor; UV stability; antioxidant activity

1. Introduction

Skin cancer is the most common disease of human skin, with non-melanoma skin
cancer (NMSC) alone consisting at least 40% of new cancer cases and is estimated to
upsurge in the coming decades due to aging population [1]. Endogenous factors, such as
UV radiation due to sun exposure is considered a complete carcinogen factor since it is both
a mutagen and a non-specific damaging agent and has properties of both an initiator and a
promoter of tumor. Specifically, UV is composed of UV-A (320–400 nm), UV-B (290–320 nm),
and UV-C (100–290 nm). UV-C radiation is totally absorbed by the earth’s ozone layer,
however, the UV-A and UV-B radiations reach the earth surface and are accountable for
several skin pathologies such as sunburns, photosensitivity, photoaging, phototoxicity, and
most importantly skin cancer [2–4]. On the other hand, UV radiation offers some benefits
to human health such as the natural synthesis of vitamin D and endorphins in the skin [3].

Sun Protection Factor (SPF) constitutes a significant feature for cosmetic oils, lotions,
and emulsions. It is of great importance since the addition of UV protection agents could
assistance the preservation of good skin health and the prevention of oxidative stress. SPF
value implies the sun protection efficacy of a product, where usually, a higher SPF index
corresponds to more effective sun protection. Nevertheless, various complications have
been caused by currently commercial sunscreen products such as erythema, edema, and
irritation, among others [2,5].

Cosmetic emulsions including sunscreen products can undergo a number of different
instabilities such as gravitational separation, creaming, flocculation, coalescence and phase
inversion [6]. The increased concern about these effects led to the addition of stabilizer
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agents such as polymer latexes, inorganic particles, silicone particles, silica, lysosomes,
clays, carbon nanotubes, and several others [7–10].

Moreover, the current state-of-the-art products commonly use ingredients of either
organic and inorganic UV filters, which absorb/scatter or attenuate the sun UV radiation,
thus ensuring protection against sun. Organic UV filters are usually consisted of aromatic
molecules conjugated with a carbonyl group and can absorb UV light. Inorganic UV filters,
such as titanium dioxide (TiO2) or zinc oxide (ZnO), can reflect, scatter, and/or absorb UV
light [11,12]. However, generation of reactive oxygen species (ROS) by common sunscreen
agents such as TiO2 and ZnO has led researchers to incorporate effective antioxidant agents
into sunscreens. Fullerenes (C60) and nanodiamonds (NDs) are potent antioxidants (radical
scavengers) and effective UV filters, making them prime candidates as additives [13].

In the current study, we propose the use of kraft lignin (LGN), graphene oxide (GO)
nanoadditives and multiwall carbon nanotubes (MWCNTs) as antioxidant and anti-UV
additives in sunscreen emulsions. Various nanomaterials have been utilized for the de-
velopment of cosmetic products—a field so-called nanocosmetic formulations [14]. The
incorporation of nanomaterials into products for personal and health care applications
continually gains attention in cosmetic industries. According to market analysis done
by Woodrow Wilson Project on Emerging Nanotechnology, since 2013 more than sixteen
hundred nanotechnology products have been synthesized, 788 of these are for cosmetic
use and an additional 40 products are under the sunscreen category. Additionally, it has
been mentioned that the amount of nanocosmetic products increased by nearly 516% be-
tween the years 2006–2013 [14,15]. Several commercial cosmetic formulations containing
nanomaterials have been produced by leading manufacturing companies such as Christian
Dior (Diorskin Extreme Fit), Kara Vita (Eye Tender with bioactives and peptides), L’Oreal
(Revitalift Double Lifting with Pro-Retinol A), Purest Colloids (Mesosilver Antifungal Spray
with silver nanoparticles), Joyona International Marketing (Nano Gold 24 Hour Cream
with gold nanoparticles), Advanced Nanotechnology Limited (Alusion Alumina Powders
with Aluminum oxide nanoparticles), etc. [15]. Consequently, the interest of the scientific
community has turned to the development of formulations with various nanoparticles
to improve their physicochemical and biological properties. Specifically, gold nanoparti-
cles have been contained in emulsions to synthesize anti-aging formulations [14]. Silver
nanoparticles are increasingly being used as antimicrobial and preservative agents due to
their enhanced stability [16]. Titanium dioxide and zinc oxide nanoparticles have been also
utilized as UV filters in sunscreen products [17]. Additionally, several cosmetic products
include carbon nanoparticles, particularly graphene-based ones, which are endowed with
heat dissipation abilities and improve emulsion stability [18]. Several works have reported
carbon nanoparticles in the formulation of cosmetics for coloring hair, eyelashes, or eye-
brows [19,20] while nanocomposite graphene/TiO2 has been employed as catalyst to build
an antioxidant cosmetic formulation [21].

Lignin is a phenolic biopolymer, mainly traced in woody plants and most other
terrestrial plants. Lignin has been added to several sunscreen emulsions that are available
on the market, presenting excellent improvements in UV absorbance. Specifically, it has
been reported that sunscreen products containing 2 wt% LGN can double the SPF index
from 15 to 30. LGN consists of three types of phenyl propanoid structures: coniferyl alcohol
(G type), sinapyl alcohol (S type) and para-coumaryl alcohol (H type) units (Figure 1a). All
structures bonded together predominantly by aryl glycerol ether linkages and other bonds.
The precise structure of plant lignin is difficult to define, and nearly all lignin structures
that have been reported based on spectroscopic and chemical analysis of extracted lignin or
whole-cell NMR analysis [22]. The exposure of ligno-cellulosic fibers to photo-irradiation
cause photo-yellowing, turning their color darker [23]. Light-catalyzed photoreactions
with lignin chromophores are considered to be the main mechanisms for photo yellowing
of lignin, ultimately resulting in the formation of chromophoric bodies such as quinones.
Even after exposure to sunlight, lignin’s UV blocking potential can be accelerated by this
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phenomenon. However, the dark color of lignin can reduce final product transparency and
thus limits its application in the cosmetic industry [24].

Graphene is a two-dimensional array of carbon atoms aligned in a hexagonal network,
in the form of mesh. This structure provides its unique properties of friction and wear [25].
Graphene Oxide is the oxidized form of graphene [26], having a 2D structure (Figure 1b)
like graphene [27]. The ease of manufacture of graphene oxide nanoadditives as well as
its exceptional water dispersibility, deriving from oxygen containing groups, constitute it
an attractive material for various uses. Of rising concern is the ability of GO to adsorb at,
and stabilize, air–water and oil–water interfaces. Lately, a thorough investigation of the
synthesis of O/W emulsions, which have been stabilized with GO, has been conducted,
while their effects on pH and viscosity have been also analyzed. In general, the emulsions
display remarkable stability when compared to those stabilized by typical molecular sur-
factants [28]. Also recently some researchers reported the excellent UV radiation protection
property of GO nanoadditives [29].

Multi-walled carbon nanotubes consist of smaller diameter single-walled tubes inside
larger diameter tubes and may vary from a double-walled nanotube to as many as fifty
concentric tubes [30], presenting diameters ranging from ~2–100 nm [31]. MWCNTs
structure (Figure 1c) makes them suitable for stabilizing emulsion due to being harder to
desorb from the oil–water interface [31]. During the last decade, the extraordinary stability
properties of MWCNTs have encouraged researchers to utilize them as stability agents for
O/W emulsions, exhibiting great results [32–34]. Moreover, many articles in the literature
confirm that MWCNTs may act as excellent UV filters [35,36].

Due to the widespread use of carbon nanoparticles in cosmetic and pharmaceuti-
cal products, increasing effort has been made to evaluate carbon nanomaterial biosafety.
Several works have proven the biocompatibility of carbon nanotubes and graphene nano-
materials [37–39], while it has been reported that MWCNTs stimulate cell growth [40].
However, it has been shown that the toxicity of carbon nanoparticles depends on several
different factors such as their shape, their size, their surface morphology, and the content of
nanoparticles in the produced formulations [41].
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Figure 1. Structures of (a) lignin [22], (b) GO [42] and (c) MWCNTs [43].

The current work is an attempt to fabricate three different model dispersed O/W
emulsions containing LGN, MWCNTs and GO nanoadditives, and to study their physico-
chemical properties. More specifically, emphasis was given to study their pH and viscosity
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stability, antioxidant activity, sun protection and UV stability of the final creams. The results
are exhibited in this article.

2. Materials and Methods
2.1. Materials

Kraft LGN was obtained from Aldrich chemicals (St. Louis, MO, USA). MWCNTs
(purity > 95 wt%) were purchased from Chengdu Organic Chemicals Co., Ltd. Chinese
Academy of Sciences (Chengdu, China). GO were purchased from Strem Chemicals Inc.
(7 Mulliken Way, Newburyport, MA, USA). Glycerin, citric acid, xanthan gum, olive oil,
cetyl alcohol, cetearyl alcohol, stearic acid, shea butter, beeswax, polysorbate 60, with
appropriate purity for cosmetic emulsions, were kindly donated from Novita Group (Thes-
saloniki, Greece). All other materials used in the present study were of analytical grade.

2.2. Preparation of the Emulsions

The preparation of the emulsions was achieved according to O/W method as described
in previous work [2]. O/W emulsions were prepared containing lignin, GO nanoadditives
and MWCNTs in 0.5, 1 and 2% w/v ratios as exhibited in Figure 2. The list of the utilized
ingredients for the preparation of 100 mL O/W emulsions oil are illustrated in the Table 1.
The corresponding water and oil phase ingredients were weighed and added separately
to glass beakers. The water phase constituted 75% while the oil phase constituted 25%
of the final emulsion. The two mixtures were heated in parallel, in a water bath at 80 ◦C,
under mechanical stirring until their homogenization. Finally, the oil phase was added
drop-by-drop to the to the water phase, under continuous mechanical stirring, and the
O/W emulsions occurred spontaneously. The produced O/W emulsions were left under
mechanical stirring for 1 h at room temperature and after which phenoxyethanol and
ethylhexylglycerin preservatives were added in each cream. A control emulsion (blank)
without the presence of kraft LGN, MWCNTs and GO nanoadditives was also prepared
according to the procedure mentioned above.
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2.3. Characterization of the Emulsions
2.3.1. Emulsion Stability

The emulsion stability was assessed measuring pH and viscosity after 1, 7, 14, 30,
60 and 90 days since the synthesis of the emulsions. pH measurements were performed
by dipping a pH sensor (Microprocessor, WTW, pH 535, Gemini BV, Apeldoorn, The
Netherlands) into produced emulsions. The viscosity values were evaluated under 50 and
100 RPM utilizing R3 spindle of a Visco Star Plus viscometer. For all samples, experiments
were performed in triplicate and results are presented in mean values.
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Table 1. Ingredients of the prepared O/W emulsions.

Sample Name Blank 0.5%
LGN

1%
LGN

2%
LGN

0.5%
GO

1%
GO

2%
GO

0.5%
MWCNTs

1%
MWCNTs

2%
MWCNTs

Ingredients (%) Water phase

Water 67 66.5 66 65 66. 66 65 66.5 66 65

Glycerin 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5

Citric acid 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Xanthan gum 1 1 1 1 1 1 1 1 1 1

Kraft LGN 0.5 1 2

GO 0.5 1 2

MWCNTs 0.5 1 2

Oil phase

Olive oil 13 13 13 13 13 13 13 13 13 13

Cetyl alcohol 2 2 2 2 2 2 2 2 2 2

Cetearyl alcohol 2 2 2 2 2 2 2 2 2 2

Stearic acid 2 2 2 2 2 2 2 2 2 2

Shea butter 2 2 2 2 2 2 2 2 2 2

Beeswax 2 2 2 2 2 2 2 2 2 2

Polysorbate 60 2 2 2 2 2 2 2 2 2 2

2.3.2. Centrifugal Tests

Centrifugal tests of produced emulsions were determined after preparation as well as
after 1, 3 and 20 days of storage. 3 g of each sample was placed in centrifugal tubes and
then centrifugated at 4000 rpm and 25 ◦C for 15 min.

2.3.3. Antioxidant Activity

Tests measuring the antioxidant capability of the samples was determined using the
2,2-Diphenyil-1-picrylhydrazyl (DPPH) method, developed according to Blois in 1958 [44]
1 mL of each emulsion dispersed in EtOH (1% v/v) was added to 3 mL of a 5 × 10−3 mg/mL
ethanol DPPH solution. The reference sample consisted of 1 mL EtOH and 3 mL of
the DPPH/EtOH solution. The samples were then sonicated, and their absorbance was
recorded after 30 min with the aid of a UV-Vis spectrometer (UV Probe 1650, Shimadzu,
Tokyo, Japan) at 517 nm. The Equation (1) proposed by Brand et al. was used to determine
the free radical scavenging activity of the samples [45]:

Free radical scavenging activity (%) =
Absorbance of control − Absorbance of extracts

Absorbance of control
× 100 (1)

For all samples, experiments were performed in triplicate and results are presented in
mean values.

2.3.4. SPF Determination

For the assessment of sun protection factor, the diluted solution transmittance tech-
nique was employed [46]. 1 g of each sample was transferred to a 100 mL volumetric flask,
and then sonicated until complete homogenization, diluted to volume with ethanol, mixed
for 5 min and filtered through Whatman filters. 2 mL of each sample was transferred to
a 10 mL volumetric flask and diluted with ethanol. The absorption values of the samples
were obtained in the range of 290–320 nm (every 5 nm) using a UV-Vis spectrophotometer
(Shimadzu, Tokyo, Japan) while experiments for each sample were performed in trip-
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licate. Equation (2) proposed by Mansur was used to determine the SPF values of the
formulations [47]:

SPF in vitro = CF ×
320

∑
290

EE(λ) × I(λ)× abs(λ) (2)

where CF = 10 (correction factor), EE (λ) = erythemogenic effect of radiation at wavelength
λ, I(λ) = intensity of solar light at wavelength λ, and abs(λ) = absorbance of sample at
wavelength λ. The values for the term “EE × I” are constants, which were determined by
Sayre et al. [47]. For all samples, experiments were performed in triplicate and results are
presented in mean values.

2.3.5. UV Irradiation

Emulsions (0.5 g of each sample), placed at an aluminum foil (Figure 3), were left under
UV irradiation (chamber BS-09) at 280 nm at constant temperature (25 ◦C) and relative
humidity (50%) for several hours. The irradiation intensity samples were exposed at a
distance of 25 cm from the lamp, at an irradiated area of 35 cm × 45 cm. After exposure the
creams were removed from the chamber (after 24 and 72 h of UV exposure) and the effect of
UV exposure was evaluated by using spectrophotometer HUNTERLAB (Washington, VA,
USA) MiniScan XE Plus. All measurements were performed in triplicates and an average
value was selected.
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3. Results and Discussion
3.1. Stability of the Prepared Emulsions

Emulsion stability is associated either with the decay or the persistence of the dispersed
system under specific conditions. Viscosity constitutes an index of the inner stability
and thus greatly affects the appealing of the final product to the consumers. Flaws in
viscosity during storage may cause various failings, not only regarding aesthetic appearance
(liquefaction) but also in the essential features of the final product, such as the sun protection
capability of the emulsion and potentially provoke phase separation and liquefaction. The
key mechanism describing the stabilization of the emulsion is the irreversible adsorption
of solid particles at the oil–water interface, providing a steric barrier against droplet
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coalescence and Ostwald ripening. The above-described case mostly applies when solid
particles have a good wettability for the oil phase, contributing to the formation of a
dense layer of adsorbed particles around the droplets. Under this condition, the energy
barrier against the coalescence of oil droplets corresponds to the energy involved to expel
the particles from the interface. Other factors benefiting the stabilization process include
electrostatic repulsion induced by charged particles, or the setup of a three-dimensional
network in the continuous phase induced by the solid particles that entrap the dispersed
droplets and restrain their mobility [9].

The only complete method to determine viscosity stability is to count the number
of drops in the system and to assess how it variates as time elapses. However, this is
impracticable due to the fact that the majority of measurement techniques require dilution
and thus modification of the emulsion [2,48]. Figure 4a shows the viscosity values in cP
for all the prepared emulsions at 100 RPM, while Figure 4b shows the viscosity values at
50 RPM. Concerning the blank emulsion, an advanced still very low decrease of viscosities
during storage, credited to the needed time of the emulsions to coagulate, is manifested.
The adding of bioactives leads to a reduction of the emulsion viscosities during the first
20 days in all cases, as was expected, since these are solid units. After this period, all of
the prepared emulsions manifested increased viscosity, attributed to the hydration of the
added particles, resulting in the stability of the final emulsions. The above phenomenon
is highly desirable for sunscreens since higher viscosity values can contribute to great
photoprotection ability, since the consumer often tends to apply a thicker layer of the
product, leading to a more effective film (higher SPF). At both rotation speeds, a correlation
is observed between the ratio of added substance with the increase of viscosity values,
which is due to a tighter packing and increased inter-drop interactions, while emulsion
containing 2% w/v MWCNTs is stabilized in highest viscosity values. In addition, after
60 days we observed a decrease in the viscosity of emulsions containing lignin, possibly
attributed to phase separation.

The pH values of a vigorous human skin vary between 4.5–6 range. Subsequently,
the pH of the prepared O/W emulsions should vary between this region. Various skin
disorders may occur from extreme pH values, thus the examination of the pH values of the
prepared samples is of great significance [49]. pH values exhibited in Figure 5 for up to
90 days indicate the good pH stability of all prepared emulsions since their pH values are
very close to the blank sample. In almost all cases, the addition of LGN, MWCNTs and GO
at different ratios (0.5 up to 2% w/v), does not appear to have any effect on the pH values of
the prepared emulsions. This was anticipated since the added portions were too low. A
key factor contributing to the stability of the emulsion is the constant pH values observed
over a period of time. Consequently, from the obtained measurements it can be established
that all emulsions are likely to have steady pH values during storage, with no significant
changes, thus constituting them appropriate for cosmetic dermal applications.

3.2. Sun Protection

Table 2 and Figure 6 present the SPF values of the prepared emulsions along with the
blank one. The incorporation of lignin, graphene oxide and multi-walled carbon nanotubes
into emulsions was able to produce a photoprotective formulation. All the emulsions
exhibit improved SPF values compared to the blank sample, presenting increase of SPF
index with increasing of the additives content. Specifically, the emulsion with 0.5% and 1%
LGN presented SPF 6.48 and 7.4 respectively while the emulsion with 2% LGN exhibited
a sharp increase with SPF 21.24 which is justified by the double lignin content. Emulsion
with 0.5 and 1% graphene oxide with SPF 8.43 and 9.7 respectively showed similar behavior
to the lignin emulsions. However, the emulsion with 2% graphene oxide presented low
increase with SPF 11.29, which may be down to insufficient solubility of the additives in the
emulsion [50]. All emulsions with multi-walled carbon nanotubes presented considerably
high index SPF. Emulsions with 0.5 and 1% multi-walled carbon nanotubes exhibited
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9.45 and 15.62 SPF values respectively while the emulsions with 2% multi-walled carbon
nanotubes illustrated rapid increase with SPF 31.82.
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Table 2. SPF values of the prepared emulsions.

Sample SPF

Blank 1.01 ± 0.4
0.5% LGN 6.48 ± 0.5
1% LGN 7.4 ± 0.6
2% LGN 21.2 ± 0.5
0.5% GO 8.43 ± 0.4
1% GO 9.7 ± 0.6
2% GO 11.2 ± 0.7

0.5% MWCNTs 9.45 ± 0.8
1% MWCNTs 15.6 ± 0.5
2% MWCNTs 31.8 ± 0.5
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3.3. Centrifugal Tests

Centrifugation tests confirmed the stability of the prepared O/W emulsions. A phe-
nomenon commonly exhibited in commercially available products is the gravitational
separation of emulsions. Images in Figure 7 confirm that no phase separation was observed
at any sample during the 20 first days of centrifugation study. This finding is in total
agreement with Smaoui et al. and is ascribed to accurate homogenization speed of the
emulsions [51].

Appl. Nano 2022, 3, FOR PEER REVIEW 11 
 

 

 

Figure 7. Images of O/W emulsions before and after centrifugation at 4000 RPM, 25 °C for 15 min. 
No phase separation is witnessed at any of the emulsions. 

3.4. Antioxidant Properties 
Emulsions with LGN were found to exhibit great antioxidant activities (Figure 8) un-

like to emulsions with GO and MWCNTs, which did not show any antioxidant activity. 
The antioxidant ability of lignin emulsions is attributed to the presence of free phenolic 
hydroxyl groups in the lignin structure, which act as radical scavengers (Ar-OH, MeO-
Ar-OH, (MeO)2-Ar-OH) [52,53]. The radical scavenging ability of phenolic groups de-
pends not only on the ability to form but also on the stability of phenoxyl radical. Meth-
oxyl groups in lignin structure at ortho position stabilize phenoxyl radicals by resonance 
as well as preventing them from propagation (Figure 9). Conjugated double bonds in-
crease the stabilization is through extended delocalization [54]. As was expected, results 
showed that the antioxidant ability was increased by increasing lignin amount due to 
higher content of phenolic hydroxyl groups. The relatively high antioxidant activity of 
lignin suggested that it could be used as potential antioxidant of emulsions. 

Despite its phenolic nature, the high safety levels of different concentrations of lignin 
in emulsions make it ideal additive for cosmetic products [55]. Specifically, cell viability 
results for emulsions with 0.005–0.5 wt% concentration of lignin w greater than 80% [56]. 
Excellent non-cytotoxic activities have been also reported for materials containing 1 wt% 
lignin [22]. Similarly, emulsions with 3 wt% content of lignin did not show any evidence 
of toxic effects for fibroblast after 72 h [57]. These results demonstrate that despite the 
phenolic nature of lignin, it can be used as a material for applications in cosmetics. 

Figure 7. Images of O/W emulsions before and after centrifugation at 4000 RPM, 25 ◦C for 15 min.
No phase separation is witnessed at any of the emulsions.

3.4. Antioxidant Properties

Emulsions with LGN were found to exhibit great antioxidant activities (Figure 8)
unlike to emulsions with GO and MWCNTs, which did not show any antioxidant activity.
The antioxidant ability of lignin emulsions is attributed to the presence of free phenolic
hydroxyl groups in the lignin structure, which act as radical scavengers (Ar-OH, MeO-Ar-
OH, (MeO)2-Ar-OH) [52,53]. The radical scavenging ability of phenolic groups depends
not only on the ability to form but also on the stability of phenoxyl radical. Methoxyl
groups in lignin structure at ortho position stabilize phenoxyl radicals by resonance as well
as preventing them from propagation (Figure 9). Conjugated double bonds increase the
stabilization is through extended delocalization [54]. As was expected, results showed that
the antioxidant ability was increased by increasing lignin amount due to higher content of
phenolic hydroxyl groups. The relatively high antioxidant activity of lignin suggested that
it could be used as potential antioxidant of emulsions.

Despite its phenolic nature, the high safety levels of different concentrations of lignin
in emulsions make it ideal additive for cosmetic products [55]. Specifically, cell viability
results for emulsions with 0.005–0.5 wt% concentration of lignin w greater than 80% [56].
Excellent non-cytotoxic activities have been also reported for materials containing 1 wt%
lignin [22]. Similarly, emulsions with 3 wt% content of lignin did not show any evidence
of toxic effects for fibroblast after 72 h [57]. These results demonstrate that despite the
phenolic nature of lignin, it can be used as a material for applications in cosmetics.
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3.5. UV Stability

UV irradiation effects on emulsions were determined in terms of color evaluation
by means of the changes of Commission Internationale de l’Eclairage (CIE) Lab color
components L*a*b*C*h. Five-dimensional color space measurement system in which the
L* axis measures luminosity or lightness ranging from 0 (black) to 100 (white), the a*
coordinate measures redness (a > 0) or greenness (a < 0), and the b* coordinate measures
yellowness (b > 0) or blueness (b < 0), C*–chroma and H*–hue angle [58,59]. Creams
prepared with lignin as active ingredient at application levels of 0.5, 1 and 2% w/v show
progressively increasing brown coloration from pale brown (higher L value) to dark brown
(lower L value), which can be attributed to the higher level of lignin employed in the
preparation of the creams. Additionally, by increasing the lignin concentration, the creams
are becoming reddish as this can be seen from the higher values recorded, which again can
be attributed to the higher application level of the lignin employed (Table 3). The colour
stability of the lignin creams after 24 and 72 h of exposure to UV radiation is very stable as
this can be seen from Table 3 with all the values of colour coordinates remaining relatively
stable and very close to the same values of non-exposed samples. Creams prepared with
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MWCNTs as the active ingredient at application levels of 0.5, 1, and 2% w/v show grey
black coloration with the cream prepared with 2% MWCNTs being the strongest colored
(lower L value, Table 3). The colour stability of the creams prepared after UV exposure for
24 and 72 h remains excellent as it can be observed from Table 3 with all colour coordinates
remaining very similar to the same values of non-exposed samples. Creams prepared
with GO as active ingredient at application levels of 0.5, 1 and 2% w/v present dark grey
coloration with the colour intensity remaining almost unaltered from the application level
of the active ingredient (same L values, Table 3). This can be attributed to the fact that even
the lower application level of 0.5% is enough to strongly colour the cream achieving a kind
of colour saturation where further increase of the application level does not add to colour
intensity. The colour stability of the creams prepared after UV exposure for 24 and 72 h
is also excellent as this can be exemplified with the similar colour co-ordinates with the
non-exposed samples.

Table 3. Color components of LGN, MWCNTs and GO containing emulsions with no UV exposure
and after 24 and 72 h of UV irradiation.

SAMPLE L a b C h

0.5% LGN 43.63 ± 1 11.05 ± 1.3 28.79 ± 1.2 30.91 ± 0.92 70.08 ± 1.2

N
O

IR
R

A
D

IA
TIO

N

1% LGN 39.22 ± 1.3 12.04 ± 1.5 27.85 ± 1.8 31.74 ± 2.1 69 ± 1.9

2% LGN 18.99 ± 1.6 15.09 ± 2.4 29.73 ± 1.6 31.94 ± 0.9 65.42 ± 0.8

0.5% GO 29.09 ± 1.8 0.1 ± 0.5 0.08 ± 0.8 0.45 ± 0.4 315.66 ± 0.3

1% GO 26.75 ± 1.2 0.26 ± 0.6 −0.37 ± 0.2 1.4 ± 0.3 317.46 ± 5.1

2% GO 28.32 ± 0.8 0.25 ± 1.2 0.13 ± 1.6 0.25 ± 0.9 321.01 ± 0.8

0.5% MWCNTs 20.55 ± 0.6 0.36 ± 0.8 −4.01 ± 1.2 3.86 ± 0.8 277.09 ± 3.6

1% MWCNTs 19.76 ± 0.5 0.65 ± 0.3 −4.2 ± 0.3 2.09 ± 0.2 251.89 ± 3.4

2% MWCNTs 17.53 ± 1.2 −0.49 ± 0.2 −1.16 ± 0.4 2.08 ± 0.3 286.22 ± 4.6

0.5% LGN 42.23 ± 1.2 11.36 ± 0.9 24.36 ± 1.2 29.05 ± 1.3 61.13 ± 1.6

24
h

IIR
R

A
D

IA
TIO

N

1% LGN 39.06 ± 1.6 12.68 ± 0.9 28.73 ± 0.8 28.01 ± 0.9 54.21 ± 1.8

2% LGN 17.27 ± 0.8 14.5 ± 0.9 29.62 ± 1.2 32.6 ± 1.2 65.06 ± 1.9

0.5% GO 28.81 ± 1.3 0.14 ± 0.3 1.06 ± 0.2 0.63 ± 0.1 312.46 ± 3.9

1% GO 26.5 ± 0.8 −0.36 ± 0.05 0.47 ± 0.1 2.47 ± 0.12 326.99 ± 4.1

2% GO 27.89 ± 1.5 0.27 ± 0.01 0.16 ± 0.02 3.11 ± 0.03 351.74 ± 3.5

0.5% MWCNTs 20.12 ± 1.2 −1.34 ± 0.4 −2.25 ± 0.6 5.19 ± 0.9 272.19 ± 4.3

1% MWCNTs 19.3 ± 1.2 −0.1 ± 0.03 −1.32 ± 0.02 4.37 ± 0.3 261.54 ± 4.5

2% MWCNTs 17.31 ± 1 −0.94 ± 0.02 −1.71 ± 0.01 3.4 ± 0.9 260.2 ± 5.3

0.5% LGN 41.76 ± 1.2 10.53 ± 0.85 28.53 ± 0.35 28.23 ± 0.65 61.58 ± 1.2

72
h

IR
R

A
D

IA
TIO

N

1% LGN 36.2 ± 1.2 11.34 ± 0.5 19.59 ± 0.6 29.94 ± 1.3 67.63 ± 1.9

2% LGN 18.87 ± 1.2 12.93 ± 0.8 23.89 ± 0.3 31.85 ± 0.5 65.22 ± 1.2

0.5% GO 27.49 ± 1.3 −0.96 ± 0.3 0.83 ± 0.05 0.9 ± 0.1 310.66 ± 6.3

1% GO 26.55 ± 1.3 0.26 ± 0.3 0.02 ± 0.008 0.69 ± 0.75 316.4 ± 5.3

2% GO 27.8 ± 1.2 0.23 ± 0.1 0.3 ± 0.12 0.32 ± 0.01 320.15 ± 6.8

0.5% MWCNTs 19.98 ± 1.5 −0.53 ± 0.05 −1.86 ± 0.3 2.16 ± 0.3 296.82 ± 5.3

1% MWCNTs 19.25 ± 1.3 −1.73 ± 0.6 −0.62 ± 0.2 4.28 ± 0.3 295.95 ± 3

2% MWCNTs 17.17 ± 1.3 −2.08 ± 0.4 −0.48 ± 0.03 1.47 ± 0.3 282.93 ± 4.6

4. Conclusions

In the present study O/W emulsions containing LGN, MWCNTs and GO in ratios
0.5, 1 and 2% w/v were prepared. Stability tests conducted in this study indicate great
viscosity and pH stability for up to 90 days storage at room temperature for all fabricated
samples. Regarding the sun-protective ability, obtained SPF values varied between 6.48 and
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21.24. The highest SPF value was obtained by the emulsion containing 2% w/v MWCNTs,
while the lowest by the 0.5% w/v LGN emulsion. The study of the antioxidant activity
of the prepared emulsions, showed that only emulsions containing kraft lignin exhibited
strong antioxidant activity associated with the existence of bioactive phenolic compounds
in the structure of lignin. Finally, UV irradiation tests showed that all emulsions exhibit
great UV stability after 24 and 72 h of exposure. The overall results exhibited in this
study could further expand the usage of organic additives at cosmetic applications. Each
additive offered excellent properties to the emulsions, so, in further research, it would
be interesting to study the combination of LGN with GO and MWCNTs to synthesize
emulsions with parallel enhanced antioxidant and UV protection properties. However,
future cytotoxicity studies are required to fully evaluate the potential risk of produced
emulsions to human health.
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