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Whitening Cosmetics

During several decades, the medical and cosmetic industries 
have been focusing research on treating skin disorders. A number 
of studies have approved that the extracts and isolated compounds 
from numerous natural sources and synthetics have great potency 
in antioxidant and skin-whitening activity. Recently, tyrosinase 
inhibitors have become important, in depigmentation ingredients of 
medical and cosmetic products [7]. Tyrosinase is a copper-containing 
enzyme involved in the formation of melanin pigments in mammals 
[8]. Melanin is a phenolic bipolymer, and is distributed widely in 
animal skin and hair to protect the skin against UV radiation from 
the sun and reactive oxygen species. Meanwhile accumulation of 
an excessive level of melanin pigmentation causes dermatological 
disorders, such as melasma, freckles, age spots and other forms of 
hyperpigmentation. Tyrosinase is mainly involved in two distinct 
reactions of melanin synthesis; first, the hydroxylation of tyrosine to 
3, 4-dihydroxyphenylallanine (DOPA) and second, the conversion of 
DOPA to the corresponding dopaquinone. Dopaquinone undergoes 
several reactions to eventually form melanin [9]. Also, tyrosinase 
catalyzes the oxidation of phenolic compounds to the corresponding 
quinones which is responsible for the enzymatic browning in 
vegetables and fruits. It plays an important role in the developmental 
and defensive functions of insects as involved in wound healing, 
parasite encapsulation and sclerotization. Synthetic and naturally 
occurring polyphenols, including flavonoids or stilbenoid, free radical 
scavengers, and copper chelators, are known to inhibit tyrosinase [10].

Even though numerous synthetic tyrosinase inhibitors have been 
reported, only a few of them such as arbutin and kojic acid are 
commercially used, mainly due to disadvantages like high cytotoxicity, 
insufficient penetrating power, low activity and low stability [11]. 
In addition, vitamin C and its derivatives can be used as whitening 
agents; the levels of tyrosinase inhibitory activity in these compounds
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Introduction

The world’s rapid population growth led to the global food shortage, 
especially animal protein sources. Other factors such as competition 
between humans and livestock over crops, and environmental 
problems are raising concern, with insects gaining more attention as 
an alternative protein source. Insects are used as a food source for 
their environmental benefits over conventional animals. Insects such 
as plastic-eating mealworms effect the environment by contributing 
in waste biodegradation [1]. The growth of insects does not require 
large areas of land compared to the domestication of livestock, 
allowing people to save resources, such as cattle ranching, which 
produces greater amounts of greenhouse gases and NH3 emissions 
[2, 3]. Furthermore, growing insects is more efficient because of the 
shorter growth period. In the case of mealworms, they hatch within 4 
to 20 days and rapidly reach the larval period.

 
Insects have a relatively higher content of fat and protein than 

conventional livestock, specifically fish and beef. Previous research 
shows that 100 mg of insects provide more than 100% of the daily 
consumption requirements of vitamins and minerals. Also, insects have 
a lower proportion of cholesterol and are high in many vital minerals, 
vitamins, lipids, and carbohydrates [4]. Amino acid composition, 
such as Leucine, Lysine, and Isoleucine within mealworms meet 
both the requirements of domestic animals and human beings. In 
terms of fatty acid, 43.2 g (per 100 g of protein) of oleic acid, 30.2 g 
of Linoleic acid, and 16.7 g of palmitic acid were found respectively in 
mealworm larvae [5]. Such benefits are leading to an increase in insect 
consumption as food sources. More than 1500 species in 300 ethnic 
groups of 113 countries are known to supply food for an estimated 
population of 2 billion people, especially in developing countries with 
high demands of edible insects like Southern, Central Africa, and 
Southeast Asia [6]. In the case of mopane caterpillars, about 9.5 billion 
are harvested, producing worth US $85million. The Netherlands has 
a supply chain, practicing farming and marketing in a large scale. 
Trade of insects as edible products has also increased between various 
countries such as Central African Republic to Belgium or France, and 
Mexico to the United States [2].

Despite the advantages of alternative proteins, eating insects is 
still considered socially uncomfortable and such issues remain to be 
solved. Therefore, there will be more benefits of using edible insects 
for skin products than for food sources for their high production rate 
throughout the world and verified safety. 
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are still not high enough for broad use [12]. The use of traditional 
whitening products like hydroquinone, corticosteroids and mercury 
containing products has been prohibited, because these compounds 
have been found to be potentially mitogenic on account of their 
cytotoxicity to melanocytes [13,14]. Hence, there is a great demand 
for the development of natural skin whitening agents, which are free 
from harmful side effects.

Whiting Materials

The extracts and isolated compounds of numerous natural sources, 
in particular botanical sources, were well characterized with anti-
tyrosinase activities and have been accepted as skin lightening agents 
[15-17]. Tyrosinase inhibitory activity is generally expressed as the 
IC50 (The half maximal inhibitory concentration) value measured 
using the dopachrome microplate-assay and kojic acid as the 
reference standard. Table 1 shows the IC50 values of the plant extracts 
and animal extracts reported and the values of synthetic inhibitors 
currently in commercial use. [18-24,26-28] Separated fraction from 
camellia pollen indicated the activity, IC50 value of 0.05 mg/ml [22]. 
Thai mango seed kernel extract (IC50 value of 98 μg/ml) and its major 
phenolic principle exhibited inhibitory on tyrosinase [23]. In addition 
to what is shown in the table, many plant extracts have already been 
reported to inhibit tyrosinase and testified acute oral toxicity. Chen 
et al. [24] demonstrated that isolated product from the Chinese 
herbal plant. Gastrodia elata attenuated 20% melanin content of 
human melanocytes without cell toxicity. The toxicity studies showed 
that the product did not have cytotoxicity in mice and zebrafish in 
vivo analysis and effectively reduced melanogenesis without adverse 
effects. Far Eastern sea cucumber (Stichopus japonicus) extracts were 
screened for their tyrosinase inhibition [28]. The 70% ethanolic 
extract (IC50 value of 0.49 to 0.61 mg/mL) was more capable in 
inhibiting tyrosinase activity than the water extract (IC50 value 1.80 
to 1.99 mg/mL). These extracts were known to inhibit the production 
of L-DOPA and dopachrome by tyrosinase as well as plant extracts. 
Ethyl-α-D-glucopyranoside and adenosine, isolated from the extracts, 
were identified as key tyrosinase inhibitors. It was found that the 
inhibitory activity of animal extract, silkworms and sea cucumbers, 
was not lower than that of plant extracts and synthetic compounds, 
and IC50 values were dependent on extraction concentration and 
solvent. Reviews of potent tyrosinase inhibitors derived from various 
plants as well as animals have initiate to study tyrosinase inhibition 
of insects, especially edible insects, which are recognized as safe food 
source.

Whitening Materials from Insect

Little information is available on tyrosinase inhibitory activity 
of insects so fat. Reports show that the activity of peroxidase 
inhibitors, also known as tyrosinase inhibitors, involve in inhibiting 
melanization of insect extracts. Tsukamoto et al. [25] have isolated 
three low molecular weight protein inhibitors from the pupal extract 
of houseflies. The inhibitors which are heat and pH stable, showed 
competitive inhibition of phenoloxidase activity. Phenoloxidase 
inhibitor extracted and purified from larvae of Manduca sexta was 
directed toward the melanogenic pathway [26]. Methanolic Pupa 
extract of the Muga silkworm showed higher free radical scavenging 
activity and anti-tyrosinase activity (IC50 value of 15.05 μg/ml) [27]. 
Antityrosinase activity of the extract was highly correlated with DPPH 
(2, 2-diphenyl-1-picrylhydrazyl) scavenging activity.

Among the few insect studies, there have been reports of tyrosinase 
inhibition of silkworm. However, mealworm, the rising source as an 
edible insect commercially reared around many countries, has only 
been reported on antioxidant activity [29, 30] but not on tyrosinase 
inhibition yet. Based on nutritional researches of mealworm as an 
edible insect, it has been necessary to study it as a valuable resource 
of cosmetics containing tyrosinase inhibitor, fatty acids and vitamins, 
which have an activity of whitening, moisturizing and regenerating 
skin. Further research into investigation on variety of extraction 
processes to extract the whitening materials will be performed and the 
performance will be evaluated. According to a recent research by Yu et 
al., the following results were obtained from mealworm extracts using 
organic solvents: total phenolic compounds of 5.41 mg GAE/g dry 
weight (DW), radical scavenging activity of 91.8 μg/mL, and tyrosinase 
inhibition activity of 82.4%. These results suggest that mealworm 
contains bioactive compounds including phenolic compounds that 
were proved to have evident cosmetic, pharmaceutical, and medical 
care function such as antioxidant and tyrosinase inhibitions activities 
in many plant extracts [31]. Therefore, mealworm has great potential 
as a source of bioactive compounds which could be used as cosmetics, 
food, and pharmaceutical agents. 
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IC50 extract solvent

Camellia pollen 0.05 mg/mL ethanol

Thai mango seed kernel 98.63 µg/mL ethanol

Blumea balsamifera DC leave 0.319 mg/mL
0.345 mg/mL

hexane

Euphorbia lathyris L 0.28 mg/mL methanol

Peel of Citrus Fruit 2427.0 µg/mL methanol

Far Eastern sea cucumber 0.49 to 0.61 mg/mL
1.80 to 1.99 mg/mL

ethanol

Pupae of Muga silk worm 15.05 µg/ml methanol

Sericin extract of silkworm 8 to 19 µg/ml water

Kojic acid 22.45 µg/ml

Arbutin 2.29 mg/mL
Table 1: Tyrosinase inhibitory activity of natural extracts and synthetic compounds [18-24,26-28].
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