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Renewable, natural and biocompatible characteristic of lignin portray a huge milestone in cosmeceutical applications. The
wide availability of lignin which exist in abundance in nature and from low-cost biowaste has put this polymer as one of the
highly promising elements to be explored for replacing the common chemical-based ingredients in cosmetics. This review
briefly summarises the detection methods of lignin and several common extraction and isolation methods of lignin. Several
potential applications of lignin in cosmetic products which include ultraviolet protection, anti-ageing, antimicrobial
properties, and others are also discussed. The advancement in technology and the increased awareness in health and
wellness has speed up the research among the experts in finding the most appropriate natural substances to be able to
replace the harmful and toxic ingredients in cosmeceutical products. The positive findings obtained from various studies
shown in this review has lighten the future of this complex heterogeneous macromolecule for a more sustainable lifestyle

of human being.
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INTRODUCTION

Issues regarding the uses of chemical ingredients in
cosmetics products regardless of makeup or skincare,
which causes numerous negative effects on human
health, have caused arising concern among people. For
instance, homosalate which is one of the bioactive
ingredients commonly present in sunscreens and other
skincare product which acts as sun protection have
potential to cause endocrine disruption and studies in cells
indicate that it may have an effect on hormones of the
users (Schlumpf et al. 2010). Moreover, this ingredient
also has been proven to enhance the number of
pesticides absorption into the skins (Brand et al. 2003). A
recent trend in cosmetics shows that people nowadays
tend to use cosmetics that are produced from natural
ingredients as people have becoming more aware on the
toxic ingredients in conventional cosmetics. Thus, this has
led to the great interest for many scientists to explore the
potential of natural products in replacing the chemical
ingredients in cosmetics that can cause many drawbacks
to human being and environment.

As an alternative to this issue, lignin from
lignocellulosic biomass is believed to have a great

potential to become one of the natural sources for
bioactive ingredient in cosmetics application. In most
plants, besides hemicellulose, cellulose, pectin, and
extractives, lignin is also known as one of the most
important elements which is located in the plant cell wall. It
is a natural product that possesses very complex
biosynthesis produced by the phenylalanine or tyrosine
metabolic pathway in plant cells. Moreover, lignin is a very
intricate macromolecule because some features such as
type of plant, species, age, growing and harvesting
conditions, as well as the isolation procedure employed for
its extraction will influence the structure and the bonds
between various unit of the lignin (Torres et al. 2020).
Lignin is so vital to the plant due to its various functions
including-assisting plant growth, for tissue and organ
development in plants, lodging resistance and the
responses to a variety of biotic and abiotic stresses (Liu,
Luo and Zheng, 2018). Besides, lignin also serves as a
structural material that give strength and rigidity to the
plant cell wall while act as important barrier in protecting
the plant against pests and pathogen (Donaldson et al.
2017).
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Table 1: The lignin yield from different types of edibles and non-edible plants
Type Scientific name Part of the plant Cour!tr_y ngnln References
of plant of origin yield
Edible plant
Ananas Mixture of leaves, South
Pineapple peel, crown . 12.37% (Azelee et al. 2019)
comosus L. America
and core
Olive Olea europae Husk Asia Minor 48% (loelovich, 2015)
Wheat plants Triticum Straw Southeast Turkey 14% (Stone et al. 1951)
Maize Zea mays L. Grains Mexico 5.5% (Del Rio et al. 2018)
Banana Musa Peels Southeast Asia 6.0-12.1% | (HappiEmaga et al. 2007)
Corn Zea mays L Cob Mexico 10% (loelovich, 2015)
Banana Musa Leaf blade Southeast Asia 24% (Poletto, 2018)
Rice Oryza sativa Husk South India 20% (Gao et al. 2018)
Palm Elaeisguineensis Engﬁtrz/cfhrun West Africa 76.98% (Yaakob, 2020)
Saccharum ; o (Ratanasumarn&
Sugarcane officinarum L. Bagasse New Guinea 78.93% Chitprasert, 2020)
Non-edible plant
Hibiscus . o
Kenaf cannabinus L. Core Africa 22.22% (Hazwan et al. 2019)
Mexico and
Jatropha Jatropha Seed coat Subtropical 49.42% (Yamamura et al. 2012)
Cursas L. .
America
Crataeva tapia Ctr;g%e\lja leaves Brazil 17.3% (Arruda et al. 2021)

As mentioned by Chen (2015), study on lignin is
currently divided into two groups which are, research on
analytical, and industrial or application lignin. As for
analytical lignin, the study focuses on quantitative and
qualitative analysis of the lignin in the plant, meanwhile for
the industrial lignin, it targets more on the utilization of the
lignin from the plant for the society. Various studies have
recorded that the amount of lignin in all plants are varied
from each other. Table 1 below portrays several types of
plant and their respective lignin yields.

2.0 Determination of Lignin

Several methods for determining the quantitative
quantity of lignin in plants have been developed and
updated throughout the years. There are many studies
done to investigate the best method to quantify the
percentage of lignin (analytical lignin) in many parts of the
plants. Hatfield and Fukoshima (2008) and Fagerstedt et
al. (2015) claimed that the most common and direct
method used is Klason lignin method or known as
sulphuric acid procedure. The method has also been
supported by Emmanuel et al. (2018), where here the
Klason lignin is a promisingly cheap, simple, and fast
method that can be able to recover the lignin in plant
biomass waste. According to Hatfield and Fukoshima
(2008), Klason developed this method in the early 1990s,
by using 64%-72% of sulphuric acid to dissolve all the
polysaccharides, leaving lignin as the insoluble residue.
Although this method has been claimed by many

researchers as the common procedure used to determine
the number of lignin, however, several drawbacks has
been reported by some studies. As mentioned by Kirk and
Obst (1988), other constituents such as proteins and
suberins may condense and be identified as Klason lignin.
In addition, Fagerstedt et al. (2015) also revealed that the
lignin residue also might contain other non-lignin
components such as tannins, proteins and non-extracted
polysaccharides after the process. Due to these claims,
the accuracy of lignin determination using the Klason
lignin method could be decrease.

In addition, Acetyl Bromide (AcBr) method is also one
of the methods used to quantify the amount of lignin in
plant cell walls. As mentioned by Barnes and Anderson
(2017), AcBr method has been revealed as the simplest
and quickest methods evaluated to determine lignin in all
tissues tested. Faust et al. (2018) mentioned the AcBr
method is widely used in forest and animal ecology for
lignin determination. The principle of AcBr method is
based on the formation of acetyl derivatives in non-
substituted OH groups and a bromide replacement of the
a-C-OH groups to completely solubilize lignin under acidic
conditions. Moreover, the solubilization of lignin and
determination of absorbance at 280 nm are used in this
procedure. (Moreira-Vilar et al. 2014). However, this lignin
determination method also possesses its weaknesses.
One of its drawbacks is structural polysaccharide of xylan
has the potential to become an interfering factor during the
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procedure that would result in an overestimation of the
total lignin concentration (Hatfield et al.1999).

Other method that is also known to quantify the
amount of lignin in the plants are thioglycolic acid method.
However, this method is considered as the least efficient
compared to previous methods as it produced the lowest
lignin recovery according to Moreira-Vilar et al. (2014).
Thioglycolic acid has high specificity with the ether
linkages found in many herbaceous plants while may
underestimate the total lignin in other types of plants
having many other linkages (Casaretto et al. 2019). This
method works such that plant will be solubilized in the
thioglycolic acid before purified in dioxane and ether.
Different extracting methods resulted in different fine
structures of lignin, that can clearly be seen from the
differences in the composition of monolignols (Tao et
al.2020). Nevertheless, although all these lignin
determination methods are commonly used to measure
the amount of lignin in the plant cell walls, each of them
has their specific advantages and also disadvantages.

3.0 Extraction and Isolation of Lignin

While the previous section discusses on the analytical
lignin, production of lignin for industrial application
(industrial lignin) is covered in this section. As stated by
Torres et al. (2020), industrial lignin is categorised into two
types of lignin which are sulphur-free lignin and sulphur-
containing lignin (Figure 1). The type of extraction and
isolation methods used will determine the type of lignin
produced. The most well-known sulphur-containing lignin
is Kraft lignin and lignusulfonates, which derived from the
commercial pulping process. In the contrary, soda,
organosolv and steam explosion methods produce
sulphur-free lignin (Mansouri and Salvado, 2006). Each of
the isolation procedures has its advantages and
disadvantages and thus having distinct usage preferences
by manufacturers (Table 2). The utilization of microbes
such as fungi has also been explored as the green
technology to degrade lignin from biomass (Zin et al.
2022). Therefore, there are increasing studies on lignin
from different plants and the parameters involved in the
extraction method in vyielding the highest lignin under
reliable extraction method as summarised in Table 3.

4.0 Characterization of Lignin

The amount and composition of lignin varies widely
among plant species, tissues, cell types, and cell wall
layers, and is regulated by developmental and
environmental factors. (Vanholme et al. 2019; Poletto,
2018). As complicated as it can be, lignin presumes to
have a more complex structural compositions compared to
hemicelluloses and cellulose. It mainly acts as a
cementing material for cellulose fibers in plant cells
(Mudgil and Barak, 2019). Lignin is made up from building
blocks of plant polymer derived from phenyl propanoid
pathways. It is a three-dimensional polymer composed of
phenylpropane units that is laid down within the cell wall

after tracheid elongation has stopped (McDonald &
Donaldson, 2001). In molecular level, lignin polymer is
biosynthesized by a cascade of oxidative radical couplings
through a benzene ring attached to three carbon side
chains lignin making it a heteropolymer consisting of three
main precursors, namely, p-coumaryl (H), coniferyl (G),
and sinapyl (S) monomers (Welker et al. 2015; Florian et
al. 2019; Pereira et al. 2020). Figure 2 shows the structure
of three monomers exist in lignin polymers. The lignin
molecular weight, polydispersity value, and total phenolic
content of lignin from various sources is detailed in Table
4,

5.0 Application of Lignin in Cosmetics

5.1 Ultraviolet (UV) absorber

High amounts of chemicals in sunscreen were
detected in marine ecosystems which have caused marine
pollution (Piccinino et al. 2021; Widsten, 2020). This is
due to the annual washing and bathing activities, resulting
in tons of sunscreen residues present in the wastewater.
The limitation of wastewater pre-treatments has caused
the small molecules of the chemicals in sunscreen
products to enter the water system and caused negative
effects to the marine habitats (Ramos et al. 2016).
Oxybenzone and octinoxate are known as chemical
ultraviolet (UV) absorbers that are widely used in
sunscreen products and have been shown to cause
toxicity to marine habitats. As a result, these sunscreen
UV filters chemicals have been banned in many countries
such as Australia and island regions such as Hawaii
(Levine, 2020).

Extensive studies have been done to investigate the
potential of lignin for human well-being as lignin is
believed to have high potential in to pharmaceutical and
industrial applications. A recent study has shown
promising usage of lignin for cosmetics applications.
Lignin has been proven to become an alternative
ingredient in commercial sunscreen that portrays less side
effects to the people and environment. Table 5 shows the
chemical ingredients commonly used in sunscreen
products and its adverse effects to human and
environment.

A green alternative may be provided by the utilization
of this nature-inspired lignin system as a replacement for
some synthetic sunscreen ingredients (Qian et al. 2015).
Nowadays, on-going research on eco-friendly sunscreen
ingredients has been vastly studied to protect the
environment. In addition, due to the circular economy and
environmental concerns, the production of sunscreen
formulations based on renewable and recyclable
resources has attracted a lot of attention from many
scientists.
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Industrial Lignin

Kraft lignin Organosolv

Lignosulfonates Soda

Figure 1 Two types of industrial lignin and its extraction methods

Table 2 : Advantages and disadvantages of different lignin isolation procedures

Lignosulphonates

temperatures with
aqueous sodium sulphite

Water soluble

A structural change of
lignin and the low
purity after isolation

Types of .
isolation Procedures Advantages Disadvantages References
Treating wood material in . Have impurities such .
- an aqueous solution of Contains a greater as sulphur (Huetal. 2018;
Kraft lignin sodium hydroxide and number of Low solubilit Alzagameem
1y . phenolic groups y et al. 2018)
sodium sulphide
Higher sulphur
Treating wood at high contains

(Tang et al. 2020)

In an aqueous ethanol or
methanol solution,
hardwood chips are

High purity and
chemical reactivity

When compared to
untreated lignin, the
molar mass of

200°C

Organosolv batch cooked for Sulphur free extracted lignin is (Klett, 2017
predetermined times at and pnon-toxic reduced b 32 to 56%
optimum temperatures E y L 0

and pH xpensive
Biomass treated with
alkaline solution which is . .
. ; Low pulp yield (José Borges
Soda pulping so;ﬂumeﬁ;;z?(liggo;t cifso_ Absent of sulphur performance Gomes et al. 2020)
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Table 3: lignin yield from different plant variety and the parameters involved in the extraction methods
Extraction Parameters studied Lignin
Plant method Blog?ss Solvent/ ratio Time Temperature yield Description References
The optimized
Sodium parameters
hydroxide c?)LeczgltLrJ;It(i)gn (Ratanas
Sugarcane Alkaline 05g solutlor_1 3_0—60 1150— 78.93% of 7% wiv with umarn and
bagasse treated concentrations minutes 135°C Chitprasert,
(3-7% wiv) temperature 2020)
of 135 °C,
and time of
47.92 minutes
Solvent used
Alkaline Sodium in liquid
Coffee husk r_\yd_roly5|_s 509 hydroxide _60 120°C. 11% _solld extraction (Sarrouh
liquid solid minutes : water, methano et al. 2020)
- 10% (wiv)
extraction I, ethyl acetate
and hexane
Lignin
Corn stover -
- Liquid to extracted
Prairie Organosolv . ; - (Cybulska et al.
cordgrass pre- 10.0g solid ratio .20 140°C <50% from switch 2012)
. (Yow/w) minutes grass was
Switchgrass treatment . ;
was 10:1. characterized
as the purest
Lignin is used
: L as reducing
. Solid to liquid h ! (Saratale et al.
Wheat straw Alkal! ex 7.09g ratio is 45 120°C 22.4 % capping and 2019)
traction . minutes stabilizing
1:10 (wiv) .
agent for silver
nanoparticles
Hardwood
Solid to (Eucalyptus)
Eucalyptus liquid 2 o 24.5% showed higher (Cherif et al.
Aleppo pine treatment 20.09 ratio was hours 170°c 20.7% lignin content 2020)
1:4 (wiv) that softwood
(Aleppo pine)

Table 4: Determination of molecular weight, polydispersity value, and total phenolic content of lignin from
various sources

Molecular weight Total phenolic
Lignin source Molecular weight distribution p Reference
. h content (TPC)
(polydispersity value)
. (Lee et al. 2020;
Rice husk MNVIV 17?&6,321&1 1.70 14.90 +0.7 ug GAE/g Singh &Dhepe, 2016;
" Gao et al. 2018)
Crataeva
) M,: 1246.8 Da
tapia M, 831.2 Da 1.50 189.6 + 9.6 pg GAE/g (Arruda et al. 2021)
leaves
Corn stalk My: 6743 Da (Wang et al. 2020;
M, 2611 Da 2.58 12.76 p GAE/g Wang & Chen, 2013)
Sugarcane M,: 3954 Da )
bagasse M., 2025 Da 1.95 69.41 + 0.32 pg GAE/g (Ratanasumarn&Chitprasert, 2020)
Mw: 3570 Da
Wheat straw Mn: 1970 Da 1.81 140.6 + 5.6 pg GAE/g (Saratale et al. 2019)
Mw: 4032 Da
Bamboo Mn: 1976 Da 2.04 1.47 GAE/g (Wang et al. 2019)
M,: 8848 Da
Bangalay M., 2052 Da 4.31 48.4 GAE/100 g (Dos Santos et al. 2014)
Mw: 8444 Da
Forest red gum Mn: 1745 Da 4.84 50.2 GAE/100 g (Dos Santos et al. 2014)
Empty fruit bunch Mw: 1564 Da . .
(Palm oil) Mn: 597 Da 2.62 1.79 GAE/100 g (Tsouko et al. 2019; Faris et al. 2017)
Mw: 7900 Da i
Alfa grass Mn: 2060 Da 3.83 0.67 GAE/g (Hattali et al. 2002)
. Mw: 7924 Da .
Olive tree Mn: 1430 Da 5.54 14.18 GAE/g (Erdocia et al. 2014)
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Table 5: Harmful and adverse effects of chemical ingredients available in sunscreen products
Chemicals Function Adverse effects References
Allergic dermatitis.
disrupts estrogenic and
Para-aminobenzoic acid (PABA) and its ' androgenic activity. (Gago-Ferrero et al.
derivatives Act as UVB filter bioaccumulation in the 2015)
environment and
the food chain.
Nanomaterial; micronized zinc oxide, nano zinc UV-filters or Inhalat|or_1 (I)f Some (Oberdorstgr etal.
oxide, micronized titanium dioxide preservatives nanoparticles may 2002;
’ reach the brain. Elder et al. 2006)
Octinoxate has been
Octinoxate, also called Octyl methoxycinnamate or ' found in human uring
' UV-filters , blood, and breast milk (Axelstad et al.2011)
(OMC) SR
, indicating that humans
are exposed to it systemically.
Organic filter Has antiandrogenic (Schneider and Lim
Oxybenzone (benzophenone 3) (absorbs UVB as well as proestrogenic 2019) '
and UVA rays) and antiestrogenic effects.
HO HO HO
S = IS
MeO OMe OMe
OH OH OH

Sinapyl alcohol  p-Coumaryl alcohol Coniferyl alcohol
@ S: Syringyl @ H: p-Hydroxyphenyl- @ G: Guaiacyl

Figure: 2 Structure of three monomers in lignin polymers (Vavilala et al., 2019)
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Chromogen
Nap
Auxochrome /‘
\‘ Chromophore
H

Figure 3 Different chromophores and auxochromic groups located in the lignin (Qian

et al., 2015)
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Figure 4 Classification and structural representation of lignin sub-units with

antioxidant activities (Piccinino et al. 2021)
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Lignin has been proven to become a safer and
biodegradable substitute for synthetic UV absorbers in
sunscreen (Yang et al. 2017).

Lignin is biomass consists of the most abundant
polyphenols that contain UV absorbing functional groups
such as phenolic, ketone and other chromophores. It
became a suitable candidate as a broad-spectrum
sunscreen ingredient because of the aromatic ring
structure that has a phenylpropane base unit linked by
ether and carbon bonds, containing various functional
groups that are capable of absorbing UV radiation
(carbon-carbon bonds, carbonyl and other chromophores).
Auxochromes like hydroxyl groups and ethers plays an
important role in the sunblock action of lignin (Lee et al.
2019; Qian et al. 2015). Study by Qian et al. (2015) and
Piccinino et al. (2021) revealed that lignin can become an
alternative active ingredient for commercial sunscreen
products because there are two different chromophores
and auxochromic groups located in the structure that
function as UV absorber (as shown in Figure 3). The
three-dimensional structure chromophore functional
groups can absorb a broad spectrum of UV rays in the
range of 250 - 400 nm, which prevents photodegradation
of the amorphous parts of cellulose fibers (Sadeghifar and
Ragaukas, 2020; Kim et al. 2017). In addition, these
compounds possess the same function as homosalate
which is a synthetic UV absorber. Owing to these facts,
lignin can become a good alternative for chemical
ingredients used in cosmetics which has been proved to
give adverse effects on human health.

Qian et al. (2015) showed that lignin has significantly
improved the sunscreen performance when it was
introduced in lotion cream. It also attributed to certain
synergistic effects between lignin and other sunscreen
actives in the lotions (Qian et al. 2015). Study by Padilha
et al. (2020) was in accordance with Qian et al. (2015)
which has reported that drastic reductions in the
transmittance values of moisturizing creams and
sunscreen lotions and increased SPF values of a
commercial sunscreen lotion were observed with the
addition of organosolv lignin from the whitened organosolv
lignin pretreatment of cashew apple bagasse (Padilha et
al. 2020). Another study by Gordobil et al. (2020),
revealed that isolated lignin from hazelnut and walnut
shells that were blended in pure cream (NIVEA body milk)
can act as UV absorber compounds when evaluated
according to the in vitro SPF method based on UV
spectrophotometric. The results demonstrated an
increased in the UV absorbance with the increased in
lignin concentration in the pure cream (Gordobil et al.
2020).

Widsten et al. (2020) invented safer bio-based
sunscreens with lignin UV absorbers by altering the Kraft
lignin, creating CatLignins with abundant phenolic
hydroxyl —auxochromes and catechol units and
demethylation process to improve the regular lignin
function as sunscreen UV absorbers in terms of sun

protection factor (UVB-SPF) and UVA-UVB
transmittance. The lignin was then modified to lignin
nanoparticles (LNPs) to boost the UV absorption and
photostability of lignin sunscreen. The results proved that
sunscreens formulated with 10% lignin or LNPs could be
applied as UV absorbers for dark-tinted SPF cosmetics
that are environmentally friendly and safer for humans
(Widsten et al. 2020).

5.2 Antioxidant and anti-ageing properties

A major contributor to skin ageing is due to oxidative
damage initiated by ROS. Free radicals generated
internally in the skin cells during normal oxidative
metabolism or by external sources such as UV radiation
(Rinnerthaler et al. 2015). The excessive production of
ROS is due to the skin exposure to ionization and UV
radiation quantities that can deplete tissue antioxidants
and other oxidant degrading pathways. Uncontrolled ROS
release is involved in the pathogenesis of most skin
problems including premature skin ageing (Oresajo et al.
2009). To overcome this problem, sunscreen formulations
are designed to protect the skin from UV radiation and
other skin diseases such as cancer and melanoma
(Piccinino et al. 2021). Due to this reason, antioxidant has
become one of the important ingredients in all sunscreens.
Lignin, the natural sources of UV absorber has also
showed an excellent antioxidant property that can help for
anti-ageing in sunscreen products (Qian et al. 2016;

Spiridon, 2020). Alternative eco-friendly and natural
antioxidants with less toxic effects are strongly
recommended and expected in future cosmetic

formulations.

A study by Espinoza-Acosta et al. (2016) reported that
lignin is the important molecule that function to scavenge
and prevent oxidation in all the living system as well as
food that is caused by the free radicals. The hindered
phenolic structure found in lignin allows it to function as a
free radical scavenging antioxidant (Kabir et al. 2017).
Functional groups and molecular weight determine the
strength of antioxidant activity of lignin. Figure 4 describes
the main phenolic sub-units of lignin that responsible for
the radical scavenger activity (Piccinino et al. 2021).
Hydroxyl group and methoxyl group are the main
contributors to the antioxidant activity in lignin, while the
existence of aliphatic hydroxyl and conjugated carbonyl
moieties reduce it activities (Dizhibiteet al. 2004). The
radical scavenging ability of lignin is reliant on its free
phenolic groups which tend to form phenoxyl radicals and
methoxyl group. The phenolic groups have a stabilizing
effect on the formed phenoxy radicals during the
scavenging process (Yearla and Padmasree, 2016; Meng
et al. 2018). Via hydrogen donation, functional groups in
lignin such as methoxy and phenolic hydroxyl groups may
induce the termination of oxidative propagation reactions
(Tang et al. 2020).

In addition, the efficiency of lignin as an antioxidant
and UV protector is related to its structure, solubility,
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genetic origin and the isolation methods used (Mahmood
et al. 2018; Yearla and Padmasree, 2016). Wei et al.
(2021) have determined antioxidant activity in eucalyptus
kraft lignin (EKL). The eucalyptus was firstly extracted
using organosolv extraction to fractionate the EKL. The
antioxidant activity of each lignin fraction was then
assessed using DPPH radical scavenging activity, ABTS
radical cation scavenging activity, and ferric reducing
antioxidant power. The findings demonstrated that organic
solvent fractional extraction is a viable method for
improving the uniformity and antioxidant activity of kraft
lignin. (Wei et al. 2021). Table 5 shows the list of research
and findings on antioxidant properties of lignin.

A normal ageing process and UV stress can deplete
the antioxidant system of the skin, leading to the
generation of ROS and oxidative damage to proteins,
lipids and nucleic acids in the skin. Thus, it is important to
supplement skin with natural antioxidants to provide skin
protection and slow down the ageing process (Oresajo et
al. 2009). As study by Mahmood et al. (2018), revealed
that lignin can slow down the ageing of biological system
because the structure and solubility of lignin can influence
its antioxidant effects. Interestingly, lignin showed higher
antioxidant capacity as compared to the well-known
commercial antioxidant; butylated hydroxytoluene (BHT)
(Gordobil et al. 2018; Wei et al. 2021). In vivo toxicity
study of the lignin has been done by assessing the lignin
in embryonic zebrafish. The results proved that lignin is
non-toxic and hence it is suitable to be used as a natural
antioxidant in sunscreen products (Piccinino et al. 2021).

5.3 Antimicrobial properties

Antimicrobial properties are also one of the important
features that is taken into consideration by researchers
and dermatologist during the production of cosmetics. A
study by Espinoza-Acosta et al. (2016) reported that lignin
has been proved to possess as a green antimicrobial
ingredient in the production of cosmetics and known as
the main sources of the growth of many types of
microorganisms due to the present of phenolic fragments
that contain a C-C double bond together with methyl group
in the y-position (Espinoza-Acosta et al. 2016). Owing to
these properties, the phenolic compounds are capable to
destroy and lysis the cell membrane of the bacteria
(Solihat et al. 2021). However, other than the chemical
structures of lignin, the effectiveness of the antimicrobial
activity of the lignin relies on several factors such as the
sources of lignin, the extraction method used to extract
lignin and also the microorganism strain tested for the
antimicrobial activity.

As reported by Piccinino et al. (2021), Kraft lignin (KL)
and acid detergent lignin (AL) came up with different
antimicrobial activities. KL is believed to fight against
Erwinia carotovora and Xanthomonas campestrispv.
Vesicatoria, meanwhile, AL is believed to destroy
Escherichia  caoli, Staphylococcus  aureus, and
Pseudomonas. In addition, according to the study by

Alzagameem et al. (2019), lignin turns out to be more
effective towards gram positive bacterial compared to the
gram negative bacterial under 35°C and at low
temperatures (0-7°C). Both gram positive bacteria that
had been used during the study were S. aureus and
Listeria monocytogenes which display positive inhibitory
effects on the bacteria. Nevertheless, no results had been
reported from the gram-negative bacteria used which is E.
coli. Additionally, in similar study by Alzagameem et al.
(2019), several sources of lignin have been chosen as the
variables and the results demonstrated that organosolv of
softwood lignin possess higher antimicrobial activity
compared to the kraft of softwood lignin, but kraft of
softwood lignin shows a better antimicrobial property than
organosolv of grass. Lignin from breech-based sample
indicates the highest antimicrobial activity.

In other study on the antimicrobial properties by using
fungus Aspergillus niger, they discovered that two kraft
lignins which are kraft spruce and kraft eucalyptus
indicated higher antimicrobial activity than organosolv
lignin (organosolv spruce and organosolv eucalyptus) with
an inhibition value between 73-87% (Gordobil et al. 2018).
Meanwhile, organosolv only portray moderate inhibition
rate. According to the study, the differences of inhibitory
effects between each lignin occurs due to the distinct
carbohydrates content in both lignin samples where, lower
carbohydrate content resulted in higher antimicrobial
activity. Moreover, lignin also can be considered as a
good antimicrobial agent due to its ability to act as a
booster in order to increase the effectiveness of other
antimicrobial agents which is silver nanoparticles. In the
light of this issue, several studies have published in
advance on the mechanism of lignin-coated silver
nanoparticles as efficient antimicrobials (Luzi et al. 2021;
Paul et al. 2021). Zhong et al. (2014) have reported that
silver is well-known to inhibit cell division or cell
proliferation by interacting with microorganism enzymes or
proteins, thereby able to inactivate the microorganisms.
However, according to the study, the performance of
antimicrobial activity of the silver nanoparticles could be
synergistically improved with lignin. Hence Zhong et al.
(2015) have produced lignin-based silver nanoparticles via
in-situ method and tested on gram negative bacteria which
is E. coli

From the results obtained, lignin-based silver
nanoparticle portrayed a great antimicrobial agent
compared to silver nanoparticle alone. In other study by
Slavin et al. (2021) have proved that silver nanoparticles
that was capped with lignin (AgLNPs) showed higher
antimicrobial activity compared to the commercial silver
nanoparticles (AgNPs) against multidrug-resistant bacteria
such as Staphylococcus aureus, Staphylococcus
epidermidis, Pseudomonas aeruginosa, Klebsiella
pneumoniae, and Acinetobacter baumannii. From all the
reported studies, it is believed that lignin has a great
potential to become a commercial green antimicrobial
agent against many types of microbes and could replace
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the synthetic antimicrobial agents not only for
cosmeceutical and medical field but also in industrial
application. The main characteristics of lignin that have
pigued the interest of many researchers to study its ability
as antimicrobial agents are its high availability,
environmental friendliness, renewable sources, low cost,
and biodegradability (Lobo et al. 2021). Pertaining to that
fact, the use of lignin as an antimicrobial agent has been
found to be non-toxic to the environment.

5.4 Skin lightening properties

The global market for skin lightening or whitening,
which was anticipated to be worth US$8.6 billion in 2020,
is expected to grow further to US$12.3 billion by 2027
(Research Ltd, 2021). Nowadays, skin whitening products
are widely used all around the world, with Asia being the
largest market (Kim and Pangestuti, 2011). An even and
light skin tone is connected with attractiveness in Asian
countries such as India, China, Japan, and Korea
(Desmedt et al. 2016). Inhibition of tyrosinase, which
catalyses the rate-limiting phase of pigmentation, is the
most popular method for achieving skin hypopigmentation
(Kim and Pangestuti, 2011) or skin lightening. Until today,
more than thousands of researches have been conducted
on the tyrosinase inhibition activity either from both natural
or synthetic sources including marine (Kim and
Pangestuti, 2011), plant (Lan et al. 2013; Ticona et al.
2020; Wan Hassan et al. 2015; Wong et al. 2018) or
synthetic or semi-synthetic ingredients (Lee et al. 2016;
Masum et al. 2019; Zolghadri et al. 2019) for the target of
skin lightening or whitening purposes.

Besides that, lignin has shown a great potential to be
used for skin lightening or whitening as well as
depigmentation (Wang et al. 2018; Wang et al. 2019).
Antioxidant and anti-tyrosinase activity are increased in
substances with more phenolic hydroxyls as reported by
Zuo et al. (2018), suggesting that antioxidant and anti-
tyrosinase activity in lignin could be correlated based on
the phenolic hydroxyl group. Alkali lignin and organosolv
lignin were both evaluated as tyrosinase inhibitors (Wang
et al. 2018; Wang et al. 2019), with organosolv lignin
having a stronger anti-tyrosinase activity than alkali lignin
(Spiridon, 2020). It has ability to inhibit tyrosinase activity
which  enzymes required for melanin synthesis
(Ratanasumarn and Chitprasert, 2020; Wang et al. 2019).
In other study on the effects of sources and isolation
processes of lignin, they found that corn stalk lignin
(Gramineae plant) had contributed the strongest inhibitory
impact of all the lignins tested (pine (softwood) and poplar
(hardwood)), with an IC50 of 0.276 mg/mL, which is
equivalent to the positive control p-hydroxy benzaldehyde
(0.233 mg/mL) (G. Wang et al. 2018).

In other study on the lignin heterogeneity on anti-
tyrosinase activity, they found that dichloromethane
extraction can be used to separate the heterogeneous
lignin with significant anti-tyrosinase activity (Wang et al.
2019). They have fractionated the organosolv ethanol

lignin (OEL) into four fractions and found that the fraction
with the highest phenolic hydroxyl content and the lowest
molecular weight had the strongest tyrosinase inhibitory
activity (Wang et al. 2019). Another approach to improve
skin lightening or whitening is using enzymatic melanin
decolonisation approach since enzymes show significant
promise for selective melanin decolorisation with reduced
cytotoxicity (Sung et al. 2019). The molecular structure of
lignin, it is similar to that of melanin (Zhong et al. 2015)
and furthermore having a high redox potential to oxidise
veratryl alcohol. Lignin peroxidase is a promising catalyst
for efficient decolorization of melanin (Sung et al. 2019).
Based on the study, they observed that the in-situ
production of hydrogen peroxide (H202) by glucose
oxidase (GOx) from Aspergillus niger is particularly
effective in preserving lignin peroxidase isozyme (LiPH8)
and able to produce melanin decolorisation efficiency up
to 63.3 £2.4% within 1 h and continued to 84.0+1.8% in 8
h and remained constant maximally to 86.9 + 1.8% until
24 h (Sung et al. 2019). These results suggest that the
enzyme is suitable to be used topically for overnight
application. Sadaqgat et al. (2020) have also conducted a
study to produce lignin peroxidase for skin lightening
ingredients. They have successfully produced a cost-
effective and efficient process lignin peroxidase from the
white-rot fungus (Phanerochaetechrysosporium) and
found that the optimum conditions for decolorization of
melanin were at pH 3, 40°C, 15 IU/mL. A 10-hour
incubation period with the addition of a mediator (veratryl
alcohol) was also demonstrated and had effectively
enhanced the efficacy of the melanin decolonization up to
92% (Sadaqat et al. 2020). As most of the skincare
product having pH range of pH 4-7, the delivery of the
lignin peroxidase in skin care product should be concern
in order to sustain the effectiveness of the product on the
skin. Based on the cytotoxicity result on shrimp larvae, the
increase of lignin peroxidase concentration had no impact
on the viability of the shrimp larvae for up to 80 pl/mL (~
80 IU/mL1), suggesting its low cytotoxic activity. However,
extra care should be taken as the mortality rate was 100%
when a mediator is used (Sadagat et al. 2020). In addition,
more safety analysis such as in vitro 3D skin irritation or
sensitisation should be done in order to obtain a safety
profile for the ingredient used in cosmetic applications.

In a preliminary clinical study (single-center, open
label, self-controlled prospective study) on 31 Chinese
women (25-55 years of age, mean + SD, 42.12 + 8.37
years), who had melasma on both sides of the face were
applied twice daily with lignin peroxide-based lotion for 8
weeks of a full-face product treatment. The result obtained
found that after 28 days of treatment, the melasma area
severity index (MASI) score was statistically decreased
compared to the baseline (Zhong et al. 2015). This result
showed that, lignin peroxidase-based product used
together with activator H20: is effective in improving skin
pigmentation (Zhong et al. 2015). Lignin peroxidase-based
product could potentially be used in cosmetic ingredients
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for skin lightening or depigmentation and it has also been
suggested that a greater number of volunteers should be
used in the next clinical trial for a more reliable and
convincing result. Another clinical study was conducted by
comparing lignin peroxidase and hydroquinone-based
product on 60 volunteers aged 18 to 65 years with mild to
moderate facial dyspigmentation for 12 weeks in 2 cohorts
(Cohort 1: lignin peroxidase on one side of the face and
left the other side alone, Cohort 2: one side of the face
with lignin peroxidase and the other with generic
hydroquinone) and found that similar reduction in
Melasma Area Severity Index (MASI) score in Cohort 1
and in Cohort 2 meaning, both products showed
comparable results (Draelos, 2015).

Based on the results obtained from these studies, it
showed that lignin-based derivatives could be potentially
used as skin lightener or whitener in skin care products.
Nevertheless, safety concern should be taken into account
in order to confirm the effectiveness and long-term effect
to the consumers.

5.5 Stabilizers and emulsifiers

Cosmetics formulation is a sophisticated study that
includes following trials with mixed substances utilising
various emulsifier systems, which may have an impact on
steering the active component to the appropriate layer of
the skin(Morganti and Cortelli, 2019; Wiechers et al.
2004). During cosmetic formulation, emulsions are
thermodynamically unstable systems thereby, developing
technical criteria for selecting optimal components and
concentrations to ensure Kkinetic stability is a real
challenge (Franzol et al. 2021). Therefore, this requires
emulsifiers which are both hydrophilic and lipophilic, a
substance that are used to lower surface tension, disperse
oil in water, and can therefore form stabilized emulsions or
solubilize scents. According to McClement et al. (2017), to
be used in cosmeceutical applications, an emulsifier must
possess a number of important features. Firstly, the ability
to rapidly adsorb to the surfaces of the droplets formed
during homogenization. Secondly, the ability to
significantly reduce interfacial tension in order to facilitate
further droplet disruption; and thirdly, the ability to form a
protective coating around the droplets, preventing
aggregation by generating strong repulsive forces such as
steric or electrostatic repulsion (McClement, 2017).

The physicochemical properties of lignin interestingly
contribute to its application as a surface-active agent
where surfactants have been used to stabilize emulsions
and suspensions (Alwadani and Fatehi, 2018). Therefore,
growing interest in the development of lignin applications,
replacing synthetic with natural and biodegradable
emulsifiers and stabilizers have urged several studies to
perform investigation on different types of lignins for this
purpose (Sipponen et al. 2016; Chen et al. 2019;
Czaikoski et al. 2020). This includes amphiphilic nature of
lignin as an attractive property for large scale industrial
applications requiring stabilization of interfacial systems

(Sipponen et al. 2017). Lignin acts as an emulsifier by
using the polar and nonpolar attraction of the hydrophilic
phenolic/aliphatic hydroxyl groups and the lipophilic
carbon backbone (Safian et al. 2022). In a dispersant for
solid—liquid mixtures, the structure of polyphenolic lignin
lowers interfacial tension between oil and water and
stabilises liquid—liquid mixtures. Due to this, lignin was
involved in the study of Pickering emulsion; an emulsion
stabilized only by solid particles located at the oil-water
interface (Yang et al. 2017).

Studies on lignin as stabilizers has recorded its
competency to be used in high capacity as an emulsifier in
different concentrations and pH to facilitate the use of this
biodegradable material. Lignin nanoparticles have
demonstrated to be efficient stabilizer and emulsifying
agents (Yaqoob et al. 2021; Ghavidel et al. 2020; Bertolo
et al. 2019; Dai et al. 2019). Lignin nanoparticles have
stabilized the emulsion for months and lowered the
interfacial tension to as low as 19.2 mN/m in a 0.1%
concentration (Silmore et al. 2016). Also, modified lignin in
colloidal form has shown to be effective emulsifying
agents for pickering emulsions (Henn and Martinen,
2019). Nevertheless, an important characteristic of
emulsifying agents in cosmetics is that to affirm in the
toxicity test. A study by Czaikoski et al. (2020) reported
the cytotoxicity of lignins to HT-29 and Caco-2 cells
presented a dose-response relationship, establishing non-
cytotoxic concentrations for emulsifiers capable of
producing stable emulsions. The study has been
supported by Yaqoob et al. (2021) that reported the in
vitro and in vivo toxicological analyses in human umbilical
cell line and Sprague Dawley rats shows lignin-based
emulsifier as a non-toxic substance where it exerts no
cytotoxic effect to those analyses.

CONCLUSION

To conclude, lignin has received a lot of attention from
many researchers around the world due to its uniqueness
and speciality. Lignin shows a great potential not only for
industrial application, but also in pharmaceutical and
cosmeceutical application. Lignin  which  contains,
phenolic, carbonyl and other chromophore as its bioactive
ingredient has been proved to give many benefits for
human, especially in cosmetics application. Many studies
have proved that these bioactive ingredients may
contribute as a natural source of antioxidant, antimicrobial
agent and natural UV filters in cosmeceutical products to
replace the harmful chemical ingredients that are widely
used in the market nowadays. It is believed that by
incorporating research on lignin with nanotechnology
could further enhance their effectiveness as cosmetic
ingredients.
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