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DEVELOPMENT OF HALAL HYDROLYSATES-BASED 

NANOCOSMECEUTICAL FORMULATION FROM Actinopyga lecanora 

By 

AQILAH NOOR BINTI BAHARI 

February 2021 

Chairman : Norazlinaliza Salim, PhD  

Institute : Halal Products Research 

Actinopyga lecanora is classified among the edible species of sea cucumber. Its 
hydrolysates, which obtained from enzymatic hydrolysis was reported to contain 
relatively high antioxidant activities, mostly applied in food industries. Actinopyga 
lecanora hydrolysates (ALH) is halal depending on its source (marine animal), 
extraction process and the safety measurement. Even though ALH have high 
potential of antioxidant activities, which is essential in skin care products, no work 
has been reported specifically on ALH as an actives ingredient. Likewise, no 
related antityrosinase activity of ALH has been recorded. Therefore, to diversify 
the usage of ALH in the cosmeceutical application, nanoemulsion containing 
ALH was developed, particularly to alleviate skin aging and to improve skin 
pigmentation.  

This research consists of two parts; Part A is the optimization of hydrolysis 
conditions of ALH, while Part B covers the formulation of nanoemulsion 
containing ALH obtained from Part A. In Part A, ALH was hydrolysed from raw 
sample of Actinopyga lecanora using papain enzyme. The best conditions 
selected from the optimization were at pH 5.00, 70°C of reaction temperature, 9 
h of hydrolysis time and 1.00% E/S ratio with the ALH having 55.00% of DH, 
46.30% of DPPH radical scavenging activity and 108.20 Fe2+μg/mL of FRAP 
activity.  

The amount of hydrophobic amino acid (286.40 mg/g sample) was higher than 
hydrophilic amino acid (253.60 mg/g sample), indicated that the hydrophobic 
amino acid was responsible for the antioxidant and antityrosinase activities. SEM 
image of ALH pictured a smooth structures with pores as the protein was 
degraded into smaller peptides. 

© C
OPYRIG

HT U
PM



 

  ii 

In Part B, nanoemulsion formulation containing ALH was optimized using D-
optimal mixture design. The optimum compositions were at 10.00% of safflower 
oil: argan oil (ratio 9:1), 1.00% of ALH, 13.75% of Tween 80: Span 80 (ratio 8:2) 
surfactants, 0.87% of xanthan gum, 73.69 % of water and 0.70% of phenonip. 
The actual particle size obtained was 139.80 nm, with the acceptable 
polydispersity index (0.302) and zeta potential (-27.50 mV). High conductivity of 
the nanoemulsion was observed (1311 μS/cm) with pH 5.38 and displayed a 
pseudoplastic behaviour. Morphology analysis disclosed a spherical shape of 
the nanoemulsion particles, monodispersed without any aggregation. Moreover, 
the nanoemulsion showed good stability within 28 days when stored separately 
at different temperatures (4 and 25°C). However, for long term storage, the 
suggested storage condition was at 4°C due to the unchanged of physical 
appearances (colour and odour) after 28 days.  
 
 
In vitro permeation study revealed that the permeability of ALH was improved to 
66.48% of ALH released after 8 h of application. The kinetic released of ALH 
followed first-order model, in which the released was based on the concentration-
gradient pattern. In vitro cytotoxicity test of all samples against normal 3T3 
fibroblast cell recorded IC50 values more than 500 μg/mL, proved that the 
optimized nanoemulsion is safe, halal and suitable for topical application. 
 
 
Apart from that, an improved in antioxidant activity was shown after incorporating 
ALH to the nanoemulsion. The DPPH radical scavenging activity of 
nanoemulsion containing ALH had a significant difference (p<0.05) at 
concentration of more than 5000 μg/ml compared to the blank nanoemulsion. 
The FRAP activity of both samples also showed a significant difference (p<0.05) 
at every sample concentration. Similar pattern was found for antityrosinase 
activity whereby the optimized nanoemulsion containing ALH displayed a 
significant difference (p<0.05) in tyrosinase inhibition activities for both 
substrates, L-DOPA (43.20%) and L-tyrosine (46.60%). Overall, the 
nanoemulsion containing halal hydrolysates from A. lecanora was successfully 
formulated and have a full potential to be applied in cosmeceutical industries.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

PEMBANGUNAN FORMULASI NANOKOSMESEUTIKAL BERASASKAN 

HIDROLISAT HALAL DARIPADA Actinopyga lecanora 

Oleh 

AQILAH NOOR BINTI BAHARI 

Februari 2021 

Pengerusi : Norazlinaliza Salim, PhD  

Institut : Penyelidikan Produk Halal 

Actinopyga lecanora dikelaskan di antara spesies gamat yang boleh dimakan. 
Hidrolisat yang diperoleh daripada hidrolisis berenzim ini dilaporkan 
mengandungi aktiviti antioksida yang tinggi secara relatif dan kebanyakannya 
diaplikasikan di dalam industri makanan. Hidrolisat daripada Actinopyga 
lecanora (ALH) adalah halal bergantung kepada sumbernya (haiwan laut), 
proses pengekstrakan dan juga pengukuran keselamatannya. Walaupun ALH 
mempunyai potensi aktiviti antioksida yang tinggi, dimana ianya penting di dalam 
produk penjagaan kulit, tiada kajian khusus dilaporkan ke atas ALH sebagai 
kandungan aktif. Selain itu, tiada kajian berkaitan aktiviti perencatan tirosina oleh 
ALH direkodkan. Oleh itu, bagi meluaskan kegunaan ALH di dalam aplikasi 
kosmeseutikal, nanoemulsi yang mengandungi ALH telah direka bentuk khusus 
untuk mengurangkan penuaan kulit dan menambahbaikkan pempigmenan kulit. 

Penyelidikan ini terdiri daripada dua bahagian; Bahagian A ialah 
pengoptimuman keadaan reaksi ALH, sementara Bahagian B merangkumi 
formulasi nanoemulsi yang mengandungi ALH yang telah dioptimumkan dan 
diperoleh daripada Bahagian A. Di Bahagian A, ALH telah dihidrolisis daripada 
sampel mentah Actinopyga lecanora menggunakan enzim papain. Keadaan 
tindakbalas terbaik yang dipilih dari pengoptimuman adalah tindakbalas yang 
dijalankan pada pH 5.00, suhu tindakbalas pada 70°C, 9 jam masa hidrolisis dan 
1.00% nisbah E/S dengan hidrolisat menunjukkan 55.00% DH, 46.30% aktiviti 
DPPH radikal skaveng dan 108.20 Fe2+ μg/mL aktiviti FRAP.  

Jumlah asid amino hidrofobik (286.4 mg/g sampel) adalah lebih tinggi daripada 
asid amino hidrofilik (253.6 mg/g sampel), menunjukkan bahawa asid amino 
hidrofobik bertanggungjawab terhadap aktiviti-aktiviti antioksidan dan 
antitirosina.  
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Imej SEM bagi ALH memperlihatkan struktur yang licin dan berliang dimana 
ianya menunjukkan bahawa protein telah dipecahkan kepada peptida yang lebih 
kecil. 
 
 
Di bahagian B, formulasi nanoemulsi yang mengandungi ALH telah 
dioptimumkan menggunakan reka bentuk campuran D-optimal. Tahap 
komposisi optimum adalah 10.00% minyak safflower: minyak argan (nisbah 9:1), 
1.00% ALH, 13.75% surfaktan Tween 80: Span 80 (nisbah 8:2), 0.87% gam 
xanthan, 73.69% air dan 0.70% phenonip.  
 
 
Ukuran saiz partikel sebenar yang diperoleh adalah 139.80 nm, dengan indeks 
kepoliserakan (0.302) dan potensi zeta (-27.50 mV). Kekonduksian yang tinggi 
oleh nanomeulsi telah diperhatikan (1311 μS/cm) dengan pH 5.38 dan 
menunjukkan tingkah laku pseudoplastic. Analisis morfologi mendedahkan 
bentuk sfera oleh partikel nanoemulsi, ekaserakan tanpa sebarang 
pengagregatan. Selain itu, nanoemulsi adalah stabil dalam masa 28 hari apabila 
disimpan berasingan pada suhu yang berbeza (4 dan 25°C). Walau 
bagaimanapun, untuk penyimpanan jangka panjang, keadaan penyimpanan 
yang dicadangkan adalah pada suhu 4°C berikutan penampilan fizikal yang tidak 
berubah (warna dan bau) selepas 28 hari.  
 
 
Kajian penelapan in vitro menunjukkan kebolehtelapan ALH terlepas 
dipertingkatkan kepada 66.48% selepas 8 jam diaplikasikan. Kinetik pelepasan 
bagi ALH adalah mengikut model kinetik tertib pertama dimana pelepasan ALH 
berdasarkan corak kecerunan-kepekatan. Ujian sitotoksisiti in vitro bagi 
kesemua sampel terhadap sel normal fibroblas 3T3 merekodkan nilai IC50 
melebihi 500 μg/mL, membuktikan nanoemulsi mengandungi ALH adalah 
selamat, halal dan sesuai digunakan untuk aplikasi topikal.  
 
 
Selain itu, peningkatan dalam aktiviti antioksidan telah ditunjukkan apabila ALH 
ditambah ke dalam nanoemulsi. Aktiviti pembersihan radikal DPPH bagi 
nanoemulsi mengandungi ALH memperlihatkan perbezaan keertian (p<0.05) 
pada kepekatan lebih daripada 5000 μg/ml berbanding nanoemulsi kosong. 
Aktiviti FRAP bagi kedua-dua sampel juga menunjukkan perbezaan keertian 
(p<0.05) pada setiap kepekatan sampel. Pola yang sama diperlihatkan dalam 
aktiviti antitirosina dimana nanoemulsi mengandungi ALH menunjukkan 
perbezaan keertian (p<0.05) ke atas kedua-dua substrat L-DOPA (43.20%) dan 
L-tirosina (46.60%). Secara keseluruhannya, nanoemulsi yang mengandungi 
hidrolisat halal daripada A. lecanora telah berjaya diformulasi dan berpotensi 
penuh untuk diaplikasikan di dalam industri kosmeseutikal.  
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CHAPTER 1 

INTRODUCTION 

1.1 Background of Study 

Cosmeceutical products are those in between cosmetic products that cleanse 
and beautify; and pharmaceuticals that can cure and treat. In the late of 1970s, the 
word “cosmeceutical” was created by Raymond Reed (Founder of U.S. Society 
of Cosmetic Chemist) but then commercialized by Albert M. Kligman 
(dermatologist) in the medical fields (Wanjari et al., 2015). Since cosmetics are 
no longer visualized as products that can only cover up imperfections in personal 
appearances, the combination of clinically proven active ingredients with a good 
delivery system is the current trend. Thus, the actives must hold therapeutic, 
disease-fighting, and healing properties that can be topically applied to the skin 
to improve the physiological effect on the cellular level (Mukul et al., 2011).  

Adding to that, halal cosmeceuticals are more demanding now because of the 
safety issues and the adverse effects arise from other harmful and doubtful 
products. Certain cosmeceutical products contained heavy metal, for example 
mercury, a common ingredient in skin whitening product. This harmful ingredient 
might root several adverse effects for example eczema, acne, eye inflammation 
and allergic reaction (Mohiuddin, 2019). Prolong used over time can cause 
mercury to accumulate in the body and bring damages to kidney and memory 
loss (Sahu et al., 2014). Besides that, the growing number of Muslim population 
consumers worldwide also contributed to the increasing needs, as they become 
more religious through knowledge and information on concern towards halal 
cosmeceutical products (Che Mohd Hashim et al., 2014).  

In general, halal (lawful) refers to things or actions permitted by Islamic law 
(Shariah law) for Muslim consumption and practice. The halal requirements not 
only applied to the foods and drinks but also extend to cosmetic and personal 
care products. According to the MS 2200: Part 1: 2008 standard, the sources of 
ingredients of halal cosmetic products can include halal animals (land and 
aquatic), plants, microorganism, alcohol, chemicals, soil, and water as long as 
they are not hazardous and najs (Standards Malaysia, 2008; Hashim et al., 
2013). Not only that, the preparation, processing, manufacturing and storing of 
halal cosmeceutical products should be clearly distinguished from non-halal 
things. Besides, the toxicology and safety of the products must be checked and 
verified.  

Today, cosmetic industries are likely to produce products that have many good 
traits to the skin such as antioxidant and antityrosinase properties.  
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Several common actives added to the anti-aging products are flavonoid 
compound, glycogen and protein. Protein based ingredients such as collagen, 
peptides, placenta and elastin usually derived from animal origins. The 
uncertainty of the ingredients and the manufacturing process can be doubtful 
and could lead to haram (unlawful), which is forbidden in Islam (Hashim et al., 
2013). For example, peptides derived from halal animals that is not slaughtered 
according to Syariah procedure was disqualified to be consumed by Muslim. 
Hence, the research and study on the halal cosmeceuticals is an important task 
so that the Muslim consumers have a wholesome and thoyyiban (good) choices 
for cosmeceuticals products. 
 
 
Hydrolysates from Actinopyga lecanora (A. lecanora), an edible marine sea 
cucumber comes from halal source, depending on the extraction process and 
the safety of the hydrolysates to be used in the formulation. Its application is 
widely utilized in the functional food and therapeutic agents as a supplement for 
antihypertensive. The antioxidant and antibacterial properties of A. lecanora 
hydrolysates (ALH) has been reported for its excellent bioactivity (Auwal et al., 
2017a; Ghanbari et al., 2012). Despite this, ALH has not been extensively study 
for cosmeceutical products development. To the author’s knowledge, no work 
has been reported on its bioactivity as one of the halal cosmeceutical ingredient, 
especially in tackling skin aging or skin pigmentation.  
 
 
Therefore, in this study ALH was introduced as a new bioactive compound in the 
formulation. Applying the new generation of nanotechnology in the 
cosmeceutical formulation, nanoemulsions (NE) are appraised in skin care 
products because they have good sensorial properties such as rapid penetration 
and good biophysical properties especially the hydrating power (Arora et al., 
2012). Moreover, NE also enhance the stability of cosmeceutical ingredients and 
improve the sustained release of the actives for long-lasting effect (Nagda et al., 
2010). 
 
 
1.2 Problem Statement 

 
 
In recent years, anti-aging and whitening products from biopeptides become 
more acceptable due to their beneficial ability to stimulate the physiological 
processes at the cellular level. However, in view of the fact that bioactivities of 
some single isolated biopeptides may reduce when tested alone, the use of 
hydrolysates as a whole could improves the activity due to their synergistic 
effects with other components present in the hydrolysates (Daliri et al., 2017).  
 
 
Most of the hydrolysates sources are from plants, human serum, animals 
collagen, protein and elastin (Zhang et al., 2009). Either targeted for topical 
application or consumed as nutraceutical, Muslim should consider the source 
and the manufacturing process of the products. The doubtful and uncertainty of 
the ingredient’s origin and production process may lead to haram, and it is 
prohibited to be use by Muslim consumers. 
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A. lecanora is a marine invertebrate of sea cucumber and it is halal to be 
consumed. Despite being commonly and abundantly found in Malaysia and other 
South Asian countries, this species is still underutilized especially in 
cosmeceutical application. The ALH produced from hydrolysis of A. lecanora has 
been claimed to have relatively high potential with antioxidant, antibacterial and 
wound healing properties that are essential in skin care products (Bordbar et al., 
2011; Ghanbari et al., 2015). However, no work has been reported specifically 
on the use of ALH as an actives ingredient in the cosmeceutical products. 
Moreover, there is also no records on the antityrosinase activity of the ALH. 
Thus, in order to expand the possibility of ALH as an active ingredient in the 
cosmeceutical product, a nanoemulsion formulation containing halal 
hydrolysates from A. lecanora was developed, especially to alleviate skin aging 
and to improve skin pigmentation. 

Skin aging is a complex biological process affected by the combination of 
endogenous and exogenous factors. In aged skin, fibroblast collapsed and 
produced low level of collagen with high level of collagen degrading enzymes 
demonstrated visible and measurable characteristics. Loss of elasticity, 
flattening, thinning, decreased barrier function, irregular keratinization leading to 
a yellow skin tone and decreased skin lipids were the visible signs for skin aging 
(Badenhorst et al., 2014).  

Skin pigmentation is one of the results of accumulation of over production of 
melanin. Melanin is biosynthesized in the melanosome of the melanocyte and 
tyrosinase is an oxidase containing copper enzyme that is responsible for the 
skin melanin biosynthesis. Not only that, over production of melanin also 
correlated with other skin problems such as post-inflammatory melanoderma, 
age spots and freckles (Karkouch et al., 2017; Wu et al., 2013). 

Therefore, the quest for cosmeceuticals that have both tyrosinase inhibitors with 
anti-aging properties have led to numerous screening tests, research on new 
agents, particularly from natural sources (plants and animals) such as 
biopeptides and hydrolysates. Some single isolated biopeptides showed reduce 
bioactivities when tested alone. Hence, the use of hydrolysates as a whole will 
improve the activity due to their synergistic effects with other components in the 
hydrolysates (Daliri et al., 2017). 

The challenging part in delivering ALH to the skin is the strong barrier function of 
the skin itself. A suitable delivery system such as nanoemulsion was chosen to 
encapsulate ALH, since small particle sized of emulsion (100 to 200 nm) can 
provide an effective delivery of the actives by enhancing the skin absorption. The 
nanoemulsion containing ALH was formulated using statistical method approach 
of D-optimal mixture design. This approach was appropriate to be used in 
cosmeceutical formulation because the interaction between each components of 
the nanoemulsion can be fully analyzed and the well-designed model could 
benefit in achieving high desirable results.  
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1.3 Scope of Study 

 
 
In this study, the ALH was used as a bioactive compound, which encapsulated 
in oil-in-water nanoemulsion for cosmeceutical purposes, specifically to combat 
or slow down skin aging and skin pigmentation. The dried and sieved A. lecanora 
sample was proceeded with papain enzymatic hydrolysis to obtain the 
hydrolysates. Optimization of hydrolysis conditions of ALH was conducted in 
order to check the best reaction conditions of hydrolysis such as pH, 
temperature, time and enzyme to substrate (E/S) ratio.  
 
 
The nanoemulsion containing ALH was prepared by low and high-energy 
emulsification method, optimized using D-optimal mixture design. The 
physicochemical characterizations of the formulations were evaluated. The 
storage condition of nanoemulsion containing ALH was also determined and 
expected to be at lower temperature. Nanoemulsions containing ALH stored at 
higher temperature (45°C) had greater negative potentials than those stored at 
lower temperature (4 or 25°C), possibly due to increased ionization of adsorbed 
charge groups, as well as ions in water at elevated temperatures that 
accumulated at the droplet interfaces (Balcão et al., 2013). 
 
 
Other than that, in vitro efficacy assessments of the optimized nanoemulsion 
containing ALH were also investigated. The efficacy assessments comprised of 
the permeation through cellulose membrane acetate, the cytotoxicity effect 
against normal fibroblast 3T3 cell line, the antioxidant and the antityrosinase 
activities. 
 
 
1.4 Objectives 
 
 
The main objective of this study is to design and develop a halal hydrolysates- 
based nanocosmeceutical formulation from A. lecanora, a marine by-catch in 
fisheries industry. Therefore, the following specific objectives were as followed: 
 

1. To optimize the hydrolysis conditions of A. lecanora hydrolysates. 
2. To characterize the A. lecanora hydrolysates using amino acid profile 

and scanning electron microscopy. 
3. To prepare and optimize the nanoemulsion formulation containing A. 

lecanora hydrolysates. 
4. To determine the physicochemical properties and stability of the 

optimized nanoemulsion containing A. lecanora hydrolysates. 
5. To investigate the safety and efficacy of the optimized nanoemulsion 

containing A. lecanora hydrolysates using in vitro permeation release, 
cytotoxicity, antioxidant and antityrosinase activities. 
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