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Abstract 

The current research work was initiated to study the phyto-chemical composition, 

antioxidant potential and tyrosinase enzyme inhibition capacity of berries of different 

species of Solanaceae family, Withania somnifera (WS) and Solanum nigrum (SN), in 

methanolic extract and fractions of various non-polar to polar solvents . The formulations 

were developed and their rheological characteristics, impact on solar protection factor 

(SPF) and various parameters were assessed on healthy human volunteers using Skin 

VisioFace® and Non-Invasive probes. The data were compared and correlated to 

examine the possible relationship between facial pores, skin elasticity and skin sebum. 

Skin elasticity by Cutometer and Elastometer and sebum by Sebumeter was correlated 

with number of fine and large facial pores. 

The total flavonoids contents present in WSEA (96.91 ± 1.56 µg QE  mg
-1

 ) while total 

phenolics  contents were quantified (178.45 ± 2.78 μg GAE  mg
-1

 sample,.) and SNEA 

(89.58 ± 0.98 µg QE mg
-1

 sample and 120.15 ± 2.33 μg GAE  mg
-1

  sample, resp.). 

HPLC-DAD analysis of ethyl acetate fractions of both plants (WSEA and SNEA) was 

performed and confirm the presence gallic acid, caffeic acid,  kaempferol and rutin. .  

The droplet size of fresh herbal cosmetic formulations F1 (WSEA) and F2 (SNEA) was 

found to be 2.04±0.577µm and 2.31±0.532µm with thixotropic value 16964±41 

(D/cm
2
.s) and 16471±35 (D/cm

2
.s) respectively. The solar protection factor at optimum 

thixotropic values of both formulations F1 and F2 was 3.11±0.34 and 

2.34±0.12 respectively. At accelerated stability conditions, there was a minute reduction 

in the formulation consistency due to decrease in viscosity and increase in droplet size. 

The herbal cosmetic good SPF was due to the presence of polyphenols, which shield the 

skin from harmful UV radiations. It was observed that phytoformulation demolished the 

total count/size of fine and large pores of each volunteer and also had pronounced effect 

on mechanical properties of skin, skin pigmentation and skin moisture contents.  

The formulations with natural phenolic compounds showed strong antioxidant activity 

with positive effect of various skin characters.  
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1. INTRODUCTION 

Plants are the ancestor of various antioxidant compounds with remarkable antioxidant 

activity. These compounds includes flavonoids, isoflavones, catechine, isocatchine, 

lignanes (Sanjukta and Ghosh 2012), coumarins, stilbenes, nitrogen compounds like 

alkaloids, amines and betalains (Cai, Luo et al. 2004) that act as natural scavengers of 

oxygen reactive species such as superoxide anion, hydrogen peroxide and hydroxyl nitric 

oxide (Kumar and Kumar 2009) and have a preventive role in aging (Khalaf, Shakya et 

al. 2008). 

From years, herbs are being used in many areas of medicine especially in cosmetology. 

These herbal products have less harmful effect because these contain herbal ingredients 

that provide different nutrients and minerals to human body (Gediya, Mistry et al. 2011).  

Skin is the largest organ of the body. It constitutes 16% of total body weight and 

composed of three basic layers, epidermis, hypodermis and dermis. It acts as physical 

barrier between internal body structure to external environment and help in maintaining 

the body structure, loss of air and fluids. There are various factors that affect topical 

delivery of drugs and cosmetics through skin like, molecular weight of drugs, their 

lipophilicity, penetration enhancer, formulation type and stratum corneum physical nature 

(Verma, Verma et al. 2003). 

Withania somnifera is known as winter cherry or Indian ginsing. It is highly aphrodisiac 

in nature. It is use as liver tonic, anti-inflamatory bronchitis, asthma, ulcer and senile 

dementia (Rajasekar and Elango 2011). It belong to solanaceae family mostly grow in 

Indian subcontinent. (Jayaprakasam, Zhang et al. 2003). The plant also possess 

antioxidant, anti-inflammatory, ant stress, immunemodulatory  activities (Visavadiya and 

Narasimhacharya 2007) antibacterial and antifungal activities (Udayakumar, 

Kasthurirengan et al. 2009). Essential phytocontituents present in this plant are; steroidal 

lactones (Mirjalili, Moyano et al. 2009), withanolides, withanamides, caffeic acid (Sidhu, 

Annarao et al. 2011), catechin (Alam, Hossain et al. 2011), vanillic acids,  gallic acids, 

syringic acids, , p-coumaric acids,  kaempferol and naringenin (Alam, Hossain et al. 

2011). 
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 Solanum nigrum belongs to the solanaceae family (Patel, Gheewala et al. 2009), In 

english it is called Black Nightshade, Garden Nightshade, and Common Nightshade. 

Kakamachi in Hindi and Makoh in Urdu (Potawale, Sinha et al. 2008).  

Berries and leaves of this plant have many pharmacological activities, which play a 

significant role in many skin related problems, antitubercular, nausea and nervous 

disorders, as cough supperesent, cardiotonic, cathartic and diuretic agents. Berries juice is 

evaluated for its influence on ophthalmopathy and hydrophobia (Saleem, Chetty et al. 

2009). It is an annual herb with white flowers and dull dark green leaves (Atanu, Ebiloma 

et al. 2011). The fruit of the plant is small sized, black colored when become mature and 

are globular in shape (Alexander, Forbes et al. 1948). 

Exploring the world of cosmetology, the current research work was initiated, for 

phytochemical profiling , antioxidant capacity and tyrosinase inhibitory activity of S. 

nigrum and W. somnifera berries, and 

 To develop cosmetic herbal cream 

 To evaluate their sun protection, organoleptic, rheological behavior at various 

thermal conditions with regular interval of time  

 To evaluate the effect of phyto formulations contain natural polyphenolic 

compounds on skin elastic nature, skin pigmentation and to treat skin pore to 

demolish various skin infectious conditions. 
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2. LITERATURE REVIEW 

2.1 Antioxidant 

Antioxidants are free radical scavengers protecting from auto oxidation through one of 

the following mechanisms 

 Decrease of O2 concentration locally 

 Curbing peroxide production (Brewer 2011) 

 Inhibiting free radical formation like selenium and zinc acting as antioxidant 

nutrients and chelating with metal ions (Sirisha, Sreenivasulu et al. 2010) 

 In auto oxidative chain reaction steps of induction, propagation, and 

termination are broken and interact with auto oxidation(Brand-Williams, 

Cuvelier et al. 1995). 

Natural antioxidants of different types available in fruit, barks, leaves (Kähkönen, Hopia 

et al. 1999) vegetables (Albayrak, Aksoy et al. 2012), herbs and spices that help in 

prevention of diseases and aging (Khalaf, Shakya et al. 2008). Bioactive compounds like 

vitamin C (Del Caro, Piga et al. 2004),vitamin A, vitamin E, phenolic compounds 

(Zulueta, Esteve et al. 2007), carotenoids (Gardner, White et al. 2000), significant 

antioxidant activity bearing flavonoids (Sanjukta and Ghosh 2012).  

2.1.1 Phytochemicals As Antioxidant 

History shows the use of botanical plant extract, seeds, fungi and herbs in many disorder 

and make a link to modern medicine (Nobili, Lippi et al. 2009). In current era, scientists 

from all over the world make high interest in traditional system of medicine.  Medicinal 

plants in phytochemical research are being screened and isolate for the evaluation of 

pharmacological and therapeutical potentials (Harsha, Hebbar et al. 2002). Natural 

compounds are safer than synthetic compounds due to their availability and wide range of 

tolerability (Gullett, Amin et al. 2010).  As an excellent source of potential drugs the 

compounds isolated from medicinal plants are fewer side effects as compared to synthetic 

compounds thus make therapy safer and economical. Since ancient times the plants can serve 

as therapeutic agents against several diseases and provide us a base for isolation of 

phytochemicals responsible for therapeutic effectiveness which is the first step in the novel 
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drug development (Yadav and Agarwala 2011). Phytochemicals are nonessential bioactive 

compounds from plant origin. The phytochemical derived from Greek word phyto means 

plants. About 5,000 phytochemicals have been identified so far from vegetables, fruits 

and herbs. These are mainly classified as phenolics, carotenoids, alkaloids, vitamins, 

nitrogen-containing compounds and organosulphur compounds. Among the all 

phytochemicals classes, polyphenols have attained great interest due to wide range of 

pharmacological activities (Huang, Cai et al. 2009) and also an important part of human 

diet (Fresco, Borges et al. 2006). Theses polyphenols classified as flavonoids and 

phenolic acids (Fresco, Borges et al. 2010) and occur in plants in about 8,000 different 

known structures.  

Majority of phenolic compounds possess potent antioxidant activity and paly an essential 

role in prevention and cure of disease. Theses phenolic compounds mainly classified as 

phenolic acids and their analogs, flavonoids, tannins, stilbenes, curcuminoids, coumarins, 

and lignans; on the basis of phenolic rings and other elements attached to that rings.  

Phenolic compounds of the plant origin include simple phenols, phenolic acids 

(rosmarinic and carnosic acid), anthocyanins (delphinidin), hydroxybenzoic acids 

(vanillic acid), hydroxycinnamic acid (ferulic and chlorogenic acid), tannins (procyanidin 

and tannic acid), lignans (sesaminol), stilbenes (resveratrol), coumarins, essential oils 

(limonene, carvacrol, and eugenol), and flavonoids (apigenin, quercetin, catechin, and 

rutin) from foods such as fruits,  herbs, spices, seeds and grains. The plants phenolics 

divided into four major groups: phenolic acids, phenolic diterpenes, flavonoids and 

essential oils. The phenolic acid on the basis of structures grouped into benzoic acid 

(carboxylic acid group attached to benzene ring, C6-C1) or cinnamic acid (propionic acid 

group attached to benzene ring, C6-C3) derivatives and in plant these present in different 

hydroxylation level (Fresco, Borges et al. 2006).  
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R1

HO

R2 R2

HO

R1COOR COOR

Benzoic Acid Cinnamic Acid  

Figure 2. 1 Hydroxybenzoic acid and hydroxycinnamic acid derivatives (Fresco, Borges et al. 

2006). 

 

The hydroxybenzoic acids like gallic, ellagic, protocatechuic and 4-hydrobenzoic acids 

generally present in very low concentration in fruits, while the hydroxycinnamic acid 

include caffeic, ferulic, sinapic and p-coumaric acid. Hydroxycinnamic acids generally 

present in very high concentration in fruits than hydroxybenzoic acids and make 

significant contribution to total polyphenol intake than benzoic acid derivative or 

flavonoids (flavanols and flavones) (Lafay and Gil-Izquierdo 2008). A German study 

shows that daily uptake of hydroxycinnamic and hydroxybenzoic acids are 211 mg/day 

11 mg/day respectively (Radtke, Linseisen et al. 1998). 
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Figure 2. 2 Flavonoids and Derivatives (Fresco, Borges et al. 2006). 

2.1.2 Enzymes As Antioxidant 

There are three antioxidant enzymes superoxide dismutase, catalase, and glutathione 

peroxidase. Superoxide dismutase (SOD) protects the skin from oxidative damage by 

inhibiting the peroxidation of unsaturated fatty acid cause by superoxide free radical. 

This radical consider less reactive than hydroxyl radical (.OH) and hydroperoxyl radical 

(
.
O2H). The enzyme superoxide dismutase converts superoxide into hydrogen peroxide. 
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Hydrogen peroxide is oxygen non-free radical species that reduce to reactive oxygen 

species (OH) by metal catalysis and UV radiations. 

2O
- 
+ 2H

+
 → H2O2 + O2 

There are two isoform of SOD; copper/zinc-dependent SOD (cytosolic) and manganese 

dependent (MnSOD). MnSOD is essential mitochondrial antioxidant enzyme that 

scavenges most of reactive oxygen species (ROS) (Girotti 1998).  

Catalase is heme-containing enzyme that reduces hydrogen peroxide to water and 

molecular oxygen at high concentration (Km, High). 

2H2O2 → 2H2O + O2 

Glutathione is water soluble tripeptide mainly composed of glutamine, cysteine and 

glycine amino acids. As an antioxidant it play important role in electrophile and peroxide 

detoxification. Intracellularly tripeptide may be present as oxidized (GSSG) or reduced 

(GSH) form (Townsend, Tew et al. 2003). Most of biological systems also contain 

glutathione peroxide as antioxidant enzyme which is responsible for hydrogen peroxide 

((Km, Low) and lipid peroxide deactivation. The active site of this enzyme contain 

selenium ion and reduced glutathione (GSH) that result in the reduction hydrogen 

peroxide and lipid hydroperoxide to water. 

H2O2 + 2GSH → 2H2O + GSSG 

LOOH + 2GSH → LOH + H2O + GSSG 

Where GSSH is oxidized glutathione, LOH is hydroxylated fatty acid, LOOH is lipid 

hydroperoxide (Charles 2012).  
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Figure 2. 3 Diagrammatic representation of Lipid peroxidation and role of antioxidant enzyme in 

scavenging of free radicals. 

 (Iwaoka, Katakura et al. 2015, Maehre, Jensen et al. 2015). 
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2.2 Sunscreen   

We use sunscreen in our daily life as moisturizers, creams, shampoos, and many other 

skin and hair preparations in order to protect himself from harmful UAB and UVA 

radiations that reach to epidermis and dermis, causes premature skin aging and sunburn. 

The term solar protection factor (SPF) used to expresses the efficacy of sunscreen 

products in cosmetics and which is define as UV energy require to produce minimal 

erythema dose effect on protected skin divided by minimal dose effect on unprotected 

skin.  

 

SPF = 
UV energy require to produce minimal erythema dose effects on protected skin 
UV energy require to produce minimal erythema dose effects on un-protected skin 

 

Invivo and Invitro methods used to determine the the phototesting in human volunteers. 

However much attention given to Invitro techniques to analyze the phtotoprotection of 

sunscreen product.  There are generally two techniques for the evaluation of 

sunprotection by Invitro. First is spectrophotometric analysis of diluted solution of 

sunscreen produts and UV radiations transmission through sunscreen product film. 

Mansur et al. developed a very simple equation to determine SPF Invitro.  

SPF spectrophotometric = CF x 290Σ
320 

EE(λ) x I(λ) x Abs (λ) 

Where, EE x I is constant known as erythmal effect and I solar intensity. 

CF corrected factor (=10) 

Abs absorbance of sunscreen product (Dutra, Oliveira et al. 2004). 

2.3 Skin 

Skin is the largest organ of human body both by weight and surface and it about 15% of 

total body weight. It acts as main physical barrier that inhibit the entry of harmful 

substance and microorganism into body by secreting low pH, sebaceous fluids and fatty 

acids secretions (Ki and Rotstein 2008). It composed of three layers; epidermis, dermis 

and hypodermis (Chanda and Baravalia 2010). The epidermis outer layer is known as 

stratum corneum (SC), it cover the entire outside of the body and serve as the rate 

limiting barrier for the absorption of percutaneous drugs. There are many factors that 

affect the absorption of drugs and cosmetic products applied topically. These factors 

include;  
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1. Molecular size of the drugs 

2. Lipophilicity 

3. Formulation type 

4. Penetration enhancer  

5. Physical nature of stratum corneum (Verma, Verma et al. 2003).   

2.3.1 Anatomy Of Human Skin 

 Human skin comprises of three functional layers 

 Epidermis 

 Dermis 

 Hypodermis (Masters, So et al. 1997, Lucarz and Brand 2007, Pailler-Mattei, Bec et 

al. 2008) 

 

 

Figure 2. 4 Anatomy of human skin  

 (Mclafferty, Hendry et al. 2012) 
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2.3.1.1 Epidermis 

It‘s the outermost layer of skin mostly composed of stratified squamous epithelia. Its 

thickness varies from 50 um at eyelid while on palm and sole it is around 1.5 um 

thick(Masters, So et al. 1997). Chief structural cells of epidermis are keratinocytes, they 

divide and multiply in lower epidermal layer moving towards upper epidermal layer. 

Epidermis possess thermoregulatory and Photoprotective effect(Song, Wehrli et al. 

1997). 

Epidermis comprises of five layers 

 Stratum basale 

 Prickle cell layer 

 Stratum granulosum 

 Stratum lucidum 

 Stratum corneum or top layer(Mclafferty, Hendry et al. 2012) 

2.3.1.1.1 Stratum Basale 

It is also called stratum germinativum which is the deepest sub layer of epidermis 

comprised of keratinocytes. These cells can divide by the process of mitosis producing 

two daughter cells. While one daughter cell do not change layer the other one moves to 

the upper sub layer of epidermis. In stratum basale there is lack of blood supply so 

nourishment to the cells are provided by the dermis. Cells far from dermis are less 

nourished and become keratinized. They possess a fibrous protein known as keratin that 

protects the skin from light, microorganism and chemicals. 

Along with keratinocytes they contain merkel and melanocyte cells. Merkel cells show 

sensations thus have sensory function while melanin is secreted by melanocytes 

responsible for skin colour. More the concentration of melanin, darker will be the skin 

(Mclafferty, Hendry et al. 2012). 

2.3.1.1.2 Prickle Cell Layer 

Prickle cell layer also known as spiny layer has a thickness of 5-12 folds. Daughter cells 

which are produced in stratum basale cells are moved to this layer and become round and 
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prickle in shape, bound together through desmosomes. Due to thorn like projections of 

desmosomes cell become close to each other giving increased flexibility and tensile 

strength to skin. Prickle cell layer have Langerhan‘s cells which are specialized dendritic 

cells (Mclafferty, Hendry et al. 2012). They are macrophages and play a part in immune 

defence system (Sherwood 2004). 

2.3.1.1.3 Stratum Granulosum 

They contain a coarse, dark staining keratohyalin granules which converts tonofilaments 

to keratin. This layer consists of 3-5 fold layers of flattened keratinocytes. In stratum 

granulosum cells undergo apoptosis in which nucleus of cell breaks down resulting in 

loss of metabolic activity leading to cell death (Mclafferty, Hendry et al. 2012). 

2.3.1.1.4  Stratum Lucidum 

This layer is composed of 3-5 layers of dead keratinocyte cells and found in body areas of 

thick skin like palm and soles. It lies between stratum granulosum and stratum corneum. 

Major function of stratum lucidum is to make skin water proof (Mclafferty, Hendry et al. 

2012). 

2.3.1.1.5  Stratum Corneum 

This layer is composed of flattened, dead cornified cells or corneocytes (Coderch, López 

et al. 2003). It is the outmost layer of epidermis which is 10-20 um thick but that 

thickness increases upto 500-600 um at feet‘s sole and palms (Masters, So et al. 1997). 

Stratum corneum contain these cells in 25-30 layers with hard protein called keratin 

(Mclafferty, Hendry et al. 2012).  

2.3.1.1.6 Epidermal Cells 

Four cells of different types are present in epidermis 

2.3.1.1.6.1 Keratinocyte Cells 

Keratinocytes are the major part of epidermal cells comprising about 80% of total 

epidermal cells (Regnier, Patwardhan et al. 1998). These cells have important protein 

called keratin which plays some important skin functions (Celleno and Tamburi 2009) 

and comprises 85% of total cellular protein (Presland and Dale 2000). Protein of this kind 
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is found only in epithelial cells (Bragulla and Homberger 2009). Keratinocytes have a 

pivotal role in immune defence system and provide protective barrier between epithelia 

and external environment (Pivarcsi, Kemeny et al. 2004). 

2.3.1.1.6.2 Melanocytes 

These cells release melanin which is a pigmented material (Vachtenheim and Borovanský 

2010), presence found mostly in lower epidermal layer (Abdel-Malek and Swope 2011). 

Enzyme tyrosinase containing melanosomes are synthesized by melanocytes (Yamaguchi 

and Hearing 2009), responsible for melanin production. Two types of melanin are 

produced i.e. brown-black eumelanin and red-yellow pheomelanin (Hirobe 2014). 

Elliptical melanosomes produce and store eumelanin while pheomelanin are commonly 

produced by rounded melanosomes (Brenner and Hearing 2008). Colour of human skin is 

determined by melanin (Mclafferty, Hendry et al. 2012), along with protection against 

ultraviolet radiation (Abdel-Malek and Swope 2011). 

2.3.1.1.6.3 Langerhans Cells 

Paul Langerhance was the first to report these cells back in 1868(Hamrah, Zhang et al. 

2002, Ayala-García, Hernández-Segura et al. 2005), constituting 3-8% of total epidermal 

cells they are present mostly in lower epidermis (Mutyambizi, Berger et al. 2009). These 

are dendritic cells of clear branch shape (Lee Choi and Sauder 1986). Their production 

takes place in bone marrow from where they participate in body immune system 

(Nakagawa and Bos 2001). 

2.3.1.1.6.4 Merkel Cells 

Freiderich Sigmund Merkel was the finder of these cells in 1875, presence mostly found 

in basal epidermal layer of human skin (Ogawa 1996, Tachibana and Nawa 2002, Boulais 

and Misery 2007). These cells have a diameter of 10-15um on long axis with clear oval 

shape. On their surface there is spin like projections with 2.5um in length. These cells 

have a function as neuro endocrine sensory receptor along with slowly adapting 

mechanoreceptors (Moll, Roessler et al. 2005). 
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2.3.1.2 Dermis 

Dermis is present under the epidermis and its main composition includes elastin and 

collagen fibres. Nerve endings and blood vessels are also part of dermis. Dermis helps in 

regulating the body temperature and also provide blood to epidermis (Sherwood 2004). 

Skin dermis diameter ranges from 0.3-3 mm making it the thickest layer of human skin 

(Haugen 1997). Dermis has two layer namely reticular layer and papillary dermal layer 

(Cotton and Claridge 1996). Dermis made up of following structural units: blood vessels, 

muscles, nerves and glands (Caspers, Lucassen et al. 2003). 

2.3.1.3 Hypodermis 

This layer resides under epidermis and mainly consisting of adipocytes. Arranged in 

lobule form separated through connective tissue (Celleno and Tamburi 2009) and have 

the ability to store body fats (Ali, Bonnier et al. 2012). Nearly 80% of total body fat is 

stored in adipocytes(Arner 1997). 

2.3.2 Skin Appendiges 

 Skin Glands 

 Nails 

 Hairs 

2.3.2.1 Skin Glands 

Skin has following main glands 

 Sudoriferous glands or sweat glands. 

 Sebaceous glands. 

2.3.2.1.1 Sweat Glands 

Nearly about 3-4 million of sweat glands are present in human skin. Function of these 

glands is to secrete sweat into hair follicles or outer epidermal layer. 

Sweat glands are of two types 

 Apocrine Sweat Glands 

 Eccrine Sweat Glands 
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2.3.2.1.1.1 Apocrine Sweat Glands 

These glands are found mostly on skin of axilla‘s pubic and areolae. Sweat released from 

these glands are odorless but bacteria present on surface of skin metabolize sweat 

components giving it musky and unpleasant odor(Mclafferty, Hendry et al. 2012). 

2.3.2.1.1.2 Eccrine Sweat Glands 

Apart from lips and nipples, these glands present all over the body but mostly on palms 

and soles. 600 ml of sweat is released from these glands mainly composed of Nacl, urea, 

lactate and ammonia. Eccrine glands main function is to regulate body 

temperature(Mclafferty, Hendry et al. 2012). 

2.3.2.1.2 Sebaceous Glands 

A multiacinar, holocrine secreting gland is found in all parts of the body except on palms 

and soles. An oily substance is secreted from these glands called Sebum which is a 

mixture of non-polar lipids (Zouboulis 2004). Sebum has antibacterial and protective 

effects. It helps maintaining the water content of skin (Celleno and Tamburi 2009).  
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2.3.2.2 Nails 

Nails of fingers and toes are stratum corneum derivatives made up of hard, dead cells 

filled with keratin. Their growth occurs throughout the human life span. Main parts of 

nails are nail plate and epithelial structure (nail bed, nail matrix) (McGrath and Uitto 

2010). Nails provide protection to the tip of fingers and are also used for scratching and 

cosmetic manipulation (De Berker, André et al. 2007). 

2.3.2.3 Hairs 

Lips, palm, soles and nipples are the only parts of the body where hairs are not present. A 

hair can 1mm to 1m long while having the width of 0.005-0.6mm. With respect to the site 

of body their arrangement and numbers varies. On face they are 600cm
2
 in numbers but 

60cm
2
 on rest of the body (Gray and Standring 2008). Composition of hair consists of 

three parts i.e. hair shaft, hair root and hair bulb (Seeley, Stephens et al. 1996). Hairs 

perform sensory and protective functions in human (Buffoli, Rinaldi et al. 2014).   

2.3.3 Functions Of Skin 

2.3.3.1 Barrier Function 

Skin acts as a barrier for external elements and prevents entrance of any 

counterproductive chemical substances. Skin helps in retaining water contents in the body 

as a result helps in maintaining elasticity (Celleno and Tamburi 2009, Mclafferty, Hendry 

et al. 2012). It also protect from UV radiations (Firooz, Sadr et al. 2012). 

2.3.3.2 Protective Function 

Skin protects from different foreign elements and agents like bacteria, virus and mycetes. 

Horny skin layer neutralizes any alkaline substance that comes in contact with skin. 

Melanin present in skin protects skin from any harmful effects of UV radiations(Celleno 

and Tamburi 2009). 

2.3.3.4 Sensory Function 

One million nerve fibres are provided to the skin mainly in hands, face and feet. Sensory 

functions are performed comes in contact with external stimuli like heat, cold, pressure 

and touch (Mclafferty, Hendry et al. 2012). 
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2.3.4 Skin Aging  

Skin aging is the most important dermatological event that occurs throughout the human 

life. There are two types of skin aging; chronological aging and premature aging or photo 

aging. The term photoaging originate in 1985. The clinical sign and symptoms of 

photoaging are; 

 Irregular dryness 

 Uneven light/dark pigmentation 

 Elastosis  

 Actinic purpura 

 Atrophy 

 Laxity  

 Premalignant lesion and leathery appearance. 

The histological change occurs during photoaging are accumulation of elastin containing 

pigment and disorganization of collagen. Collagen is important building block of skin. It 

is synthesis from procollagen which is derived from dermal fibroblast initiated by 

transforming growth factor-β (TGF). It has been reported that repeated exposure of UV 

radiations result in the formation of peroxyl radicals that breakdown to form 

malondialdehyde (MAD) that continuously crosslink and polymerize the collagen, leads 

to decrease skin elasticity and ability of skin to hold water (Mukherjee, Maity et al. 

2011).  

2.3.4.1 Types Of Skin Aging 

There are two types of skin aging; 

1. Extrinsic skin aging 

2. Intrinsic skin aging 

2.3.4.1.1 Extrinsic Aging 

This type of aging process is preventable. This is due some external factors that involve 

in the aging process. These factors includes smoking,  poor diet, alcohol consumption and 

chronic solar exposure However, this is believes that 80% aging due to sun exposure 

(Uitto 1997). UV radiations cause skin aging by various mechanisms like; 
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a) Production of collagenase 

b) Occurrence of inflammation responses 

c) Synthesis of thymine and pyrimidine dimer  

d) Formation of sunburn cells (Malaviya, Magliocco et al. 2005). 

This was also assumed that photoaged skin also contain predetermined number of mast 

cells and macrophages and consider as to be involved in aging process (Bosset, Bonnet‐

Duquennoy et al. 2003).  

2.3.4.1.2 Intrinsic Skin Aging 

The aging process that continues throughout of our life is known as intrinsic skin aging. 

The common characteristics of intrinsic skin aging are; 

a) Epidermal and dermal atrophy of skin 

b) Reduction in the number of fibroblast 

c) Decrease the number of mast cells 

d) Ratio of collagen III to collagen I increase 

e) Number of collagen fibril also increases (Lovell, Smolenski et al. 1987) 

A specialized type of structures known as telomers that are present at eukaryotic nds are 

consider to be involve in intrinsic skin aging at cellular level. Telomers enhance the life 

span of cells. With aging the length of telomers become shorter which is the measuring of 

aging process (Baumann 2007).  

2.4 Withania Somnifera  

Withania somnifera is known as Indian ginseng and winter cherry. From 3000 years it is 

use in medicinal system as aphrodisiac, liver tonic, anti-inflamatory bronchitis, asthma, 

ulcer and senile dementia (Rajasekar and Elango 2011). It belong to solanaceae family 

mostly grow in Indian subcontinent. Traditionally the plant used in artheritis, asthma and 

hypertentsion. Withaferin A is an important constituent from this plant show strong 

antitumor activity (Jayaprakasam, Zhang et al. 2003). The plant also possess antioxidant, 

anti-inflammatory, ant stress, immunemodulatory  activities (Visavadiya and 

Narasimhacharya 2007) antibacterial and antifungal activities (Udayakumar, 

Kasthurirengan et al. 2009). Essential phytocontituents present in this plant are; steroidal 

lactones (Mirjalili, Moyano et al. 2009), withanolides, withanamides, caffeic acid (Sidhu, 
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Annarao et al. 2011), catechin (Alam, Hossain et al. 2011), gallic acid, syringic acid, 

benzoic acid, p-coumaric acid vanillic acids,  kaempferol and naringenin (Alam, Hossain 

et al. 2011). 

Taxonomical Classification of Withania somnifera (Narinderpal, Junaid et al. 2013). 

2.4.1 Taxonomical Classification 

Kingdom : Plantae, Plants; 

Subkingdom : Tracheobionta, Vascular plants; 

Super division : Spermatophyta, Seeds plants; 

Division : Angiosperma 

Class : Dicotyledons 

Order : Tubiflorae 

Family : Solanaceae 

Genus : Withania 

Species : somnifera Dunal 

 

2.4.2  Antioxidant Activity    

The various parts of this plant have different antioxidant activities as show in the Table 

2.1 by DPPH method. 

Table 2. 1 Antioxidant activity of various parts of Withania somnifera. 

Part use Solvent system Concentration % inhibition References 

Roots Chloroform 0.250 mg/ml 75.37 
(Shahriar, Hossain et 

al. 2013) 

Fruit 
Methanolic crude 

extract 
0.500 mg/ml 85.1 (Uddin, Gul et al. 

2013) 
Fruit Ethyl acetate 0.500 mg/ml 81.9 

Leaves  Aqueous  - 79.4 
(Sumathi, Padma et 

al. 2007) 
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2.4.3 Skin Care Application and Total Phenolic Contents Withania Somnifera 

Skin care applications and Total Phenolic Contents of various parts of this plant have 

been shown in the Table 2.2. 

 Table 2. 2 Skin care application of medicinal plants and total phenolic contents 
Withania somnifera 

Skin care 

Part use Skin problems References 

Roots Acne vulgaris 
(Yarnell and 

Abascal 2006) 

Roots Major role in cosmetic and skin care 
(Nisha¹ and 

Rajeshkumar 2010) 

Whole extract Acne vulgaris 
(Lalla, Nandedkar et 

al. 2001) 

Roots Anti-acne effect 
(Aparajita, Sanjar et 

al. 2014) 

Whole extract Anti-inflammatory topical herbal gel (Goyal 2011) 

Whole plant Anti-aging 
(Narinderpal, Junaid 

et al. 2013) 

Leaves and 

Berries 

Ointment applied to treat abscesses (Mabona and Van 

Vuuren 2013) Ointment for skin inflammation 

Whole plant 

extract 

Used in skin cleansing formulations and possess 

antioxidant properties 
(Kapoor 2005) 

Whole plant anti-ageing properties 
(Kapoor, Dureja et 

al. 2009) 

Leaves All types of skin lesions 
(Atal and 

Schwarting 1961) 

Leaves and roots Acne on the back (Akber, Seraj et al. 

2011) Seeds To improve color and texture of skin. 

Leaves Anti-inflammatory transdermal gel 
(Joon and Garg 

2013) 

Whole plant 

Indicated in; Dermatosis (a disease of the skin, 

especially one that does not cause inflammation), 

scabies(a contagious skin disease marked by 

itching and small raised red spots, caused by the 

itch mite), 

Psoriasis (a skin disease marked by red, itchy, 

scaly patches) 

(Duke 2002) 

Total phenolic contents 

Solvent 

system 
Part use Total phenols References 

Methanol: 

Water (7:3) 
Root 

180.80 ± 0.01 mg/100 mg extract 

gallic acid equivalent 

(Chaudhuri, Ghate et al. 

2012) 

Ethanol Root 35.93 (mg/g GAE) 
(Dhanani, Shah et al. 

2013) 

Methanol 

Root 

23.860± 0.636 

( mg/gm, Gallic Acid Equivalent) (Shahriar, Hossain et al. 

2013) 
Pet – ether 

56.580± 0.636 

( mg/gm, Gallic Acid Equivalent) 
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Chloroform 
60.992 ± 0.367 

( mg/gm, Gallic Acid Equivalent) 

Methanolic 

extract 
Root 0.16 (g/100g extract GAE) 

(Surveswaran, Cai et al. 

2007) 

50% 

Methanol 

Fruit 16.1 mg/g gallic acid equivalent 

(Prakash, Suri et al. 2007) 
Leaves 18.9 mg/g gallic acid equivalent 

Stem 4.7 mg/g gallic acid equivalent 

Roots 2.8 mg/g gallic acid equivalent 

Methanol Roots 
11.4±0.5 (mg of GAE/g of 

extract) 

(Acharyya, Patra et al. 

2009) 

Methanolic 

extract 
Roots 388.33 (μg of GAE/mL) 

(Ranganathan and 

Punniamurthy 2013) 

Methanol Roots 6.16 ±0.63 (mg GAE/gm sample) (Tupe, Kemse et al. 2013) 

 2.5 Solanum Nigrum  

Solanum nigrum belongs to the family solanaceae (Patel, Gheewala et al. 2009), 

known by different names in different languages in different regions of the world. In 

English it is called Black Nightshade, Garden Nightshade, and Common Nightshade. 

In French it is Morelle Noir, Solano Nero in Italian, Paslen Cernyj in Russian, 

Schwarzer Nachts chatten in German, Makoya, Kakamachi in Hindi and Makoh in 

Urdu (Potawale, Sinha et al. 2008). Berries and leaves of the plant have many hidden 

medicinal properties, which play a significant role in many skin related problem, 

antitubercular, nausea and nervous disorders, as cough supperesent, cardiotonic, 

cathartic and diuretic agents. Berries juice is evaluated for its influence on 

ophthalmopathy and hydrophobia (Saleem, Chetty et al. 2009). It is an annual herb 

with white flowers and dull dark green leaves (Atanu, Ebiloma et al. 2011). The fruit 

of the plant is small sized, black colored when become mature and are globular in 

shape (Alexander, Forbes et al. 1948). 

Table 2. 3 Taxonomical Classification of Solanum nigrum 

Kingdom Plantae 

Division Embryophyta 

Sub – division Angiospermae 

Class Dicotyledoneae 

Order Tubeflorae 

Sub – order Solanales 

Family Solanaceae 

Genus Solanum 

(Potawale, Sinha et al. 2008, Saleem, Chetty et al. 2009) 
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        Ripe Fruit     Unripe Fruit 

   

  Leaves      Flowers 

    

Figure 2. 5 Solanum Nigrum  

(Potawale, Sinha et al. 2008) 
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2.5.1  Phytochemistry 

Solanum nigrum contains various phyto - chemicals that include glycoalkaloids like 

solamargine, solasonine and solanine, glycoprotein, polysaccharides, polyphenolic 

compounds like gallic acid, catechin, protocatachuic acid, caffiec acid, epicatachin, 

rutin, naringenin (Jain, Sharma et al. 2011) steroidal oligoglycoside  known as 

nigrumnin – I and nigruminin – II, β-2-solamargine , α, β-solansodamine and 

degalactotigonin (Potawale, Sinha et al. 2008). Spirosterol glycoside, furostanol 

glycoside, (Sharma, Chand et al. 1983) tannins, saponins, flavanoids, proteins, 

carbohydrates, coumarines, phytosterols (Saleem, Chetty et al. 2009), ethyl b- D -

thevetopyranosyl-(1-4) - b - D – oleandropyranoside, ethyl b - D – thevetopyranosyl - 

(1-4) - a – D –oleandropyranoside (Chen, Feng et al. 2009) protein, lipids, minerals, 

linoleic acid (Dhellot, Matouba et al. 2006). 

2.5.2 Antioxidant Activity 

Different parts of the plant have shown different antioxidant activity which is shown 

in Table 2.4 below, by DPPH method 

Table 2. 4 Antioxidant Activity of different parts of the plant 

Part use Solvent system Concentration % inhibition References 

Fruit Methanol 

50 µg/ml 93.6 (Al-Fatimi, 

Wurster et al. 

2007) 

100 µg/ml 94 

500 µg/ml 94.5 

Leaves  Pet ether  - 85 
(Jayachitra and 

Krithiga 2012) 

Leaves Methanol  40 µg/ml 97.4 
(Nabatanzi, 

Kabasa et al.) 
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Table 2. 5 Skin Care application and total phenolic content 

Skin care application of medicinal plants and total phenolic contents 

Solanum nigrum 

Skin care 

Part use Skin problems References 

Fruit 
Use in cosmetic; rubbing the seeds on 

the cheeks to remove freckles 
(Suthar et al.  2009) 

Berries juice extract Induce skin tone lightening. (Hwa 2007) 

Fruit Improve skin complexion 
(Subramanian and 

Sahithya 2016) 

Whole plant 

Applied topically to treat septic pimples, 

furuncles (skin boils), and ringworm 

infections 

(Mabona and Van 

Vuuren 2013) 

Whole plant 
Indicated in dermatosis, scabies and 

psoriasis 
(Duke 2002) 

Total phenolic contents 

Solvent system Part use Total phenols References 

Chloroform : 

Methanol (2:1) 
Fruit 219 µg/gm GAE 

(Subramanian and 

Sahithya 2016) 

Methanol Fruit 0.10 (g TAE/100 g extract) 

(Loganayaki, Siddhuraju 

et al. 2010) Chloroform 

Fruit 5.01 (g TAE/100 g extract) 

leaves 5.01 (g TAE/100 g extract) 

Methanolic extract 
Aerial parts 

0.22 (g/100g extract GAE) 
(Cai, Luo et al. 2004) 

Aqueous extract 0.90 (g/100g extract GAE) 

Methanolic extract Fruit 0.54 (g/100g extract GAE) 
(Surveswaran, Cai et al. 

2007) 

Aqueous extract Fruit 3.12 ± 0.43 mg GAE/ g FW 
(Mallawaarachchi, 

Dissanayake et al. 2015) 

Methanolic extract Aerial parts 
1132.53 ± 29.57 (mg Gallic 

acid/ 100g Dry Weight) 

(Khalighi-Sigaroodi, 

Ahvazi et al. 2012) 

50 % methanol 
Fruit 

18.3 mg/g gallic acid 

equivalent 
(Prakash, Suri et al. 

2007) 
Leaves 12.8 mg/gm GAE 

Methanolic extract 

Aerial parts 

342 ± 2.84 mg TAE/ g dE 

(Saddiqe, Maimoona et 

al. 2013) 

Ethyl acetate (426 ± 3.87 mg TAE/g dE) 

Dichloromethane (416 ± 3.52 mg TAE/ g dE) 

n- hexane (228 ± 2.64 mg TAE/g dE) 
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2.6 Emulsion 

Emulsion is a system which is thermodynamically unstable (McClements and Decker 

2000) comprising of two immiscible phases with one phase (internal or dispersed ) 

suspended in the form of globules into other phase (continuous or external) 

(Coupland and McClements 1996, McClements and Decker 2000, Chen and Tao 

2005, Epstein 2009). Normal emulsion composition involves; oil phase, water phase, 

surfactants, sub surfactants (Saraf 2010).  

2.6.1 Types Of Emulsion 

Emulsions consists of following types 

 Ordinary or Basic form of emulsions i.e. O\W or W\O emulsions (Chen and Tao 

2005) 

 Multiple Emulsions 

 Micro Emulsion 

 Nano Emulsion (Epstein 2009). 

2.6.1.1 Ordinary or Basic Form Of Emulsion 

Basic or ordinary emulsion have a droplet size ranging from 0.1-100um (Saraf 2010). 

Two types of basic emulsions are present namely 

 Oil in Water Emulsion (O\W) 

 Water in Oil Emulsion (W\O) 

O\W Emulsion: Among the direct emulsion o\w is the most important form of 

emulsion (Ficheux, Bonakdar et al. 1998), in which oil droplets are suspended in form 

of globules in aqueous phase (Chen and Tao 2005). Examples of O\W emulsion 

includes milk and soup (Coupland and McClements 1996).  
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Figure 2. 6 Step of conventional o/w emulsion preparation 

(a) two immiscible phase i.e. water and oil. (b) Surfactant (hydrophilic in nature). (c) 

Homogenizing. (d) O/W emulsion  

W\O Emulsion: This emulsion system is the inverse system in which droplets of 

water are dispersed or suspended in oil phase as globules (Ficheux, Bonakdar et al. 

1998, Chen and Tao 2005, Saraf 2010). Lipophilic emulsifiers are used to improve 

the stability of oil film. Common example includes oil base cream (Hunter, Pugh et 

al. 2008) and butter (Smith and Scott Jr 1989).  

2.6.1.2 Multiple Emulsion 

In 1925 multiple emulsion was first accounted by Siefriz (Garti and Bisperink 1998, 

Okushima, Nisisako et al. 2004). In multiple emulsion presence of both kinds of 

emulsion at same time make it a complex system (Salager, Márquez et al. 2000). 

They have two types  

 O\W\O Emulsion 

 W\O\W Emulsion 
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O\W\O Emulsion: In this dispersion of small oil droplets in water droplet take place 

which is then dispersed in oil phase as larger droplets (Ficheux, Bonakdar et al. 

1998). 

W\O\W Emulsion: In this emulsion oil phase encapsulate the water droplets that are 

then as larger droplets disperse in aqueous phase. Two step process is usually 

followed for this emulsion. Firstly primary emulsion from low HLB valued surfactant 

is prepared. Secondly that primary emulsion is dispersed in high HLB valued aqueous 

phase as larger droplets (Pal 2007). W\O\W emulsion generally composed of two 

aqueous phase dissimilar in composition, two interfacial films dissimilar to each other 

and distinct emulsifier (McClements, Decker et al. 2007). 

2.6.1.3 Micro Emulsion 

They are thermodynamically stable systems constituting of water, oil and 

amphipathic agent having both lipophilic and hydrophilic properties. Depending on 

their HLB value two types of surfactants are used for O\W microemulsion and W\O 

microemulsion formation. In W\O microemulsion formation low HLB value ranging 

from 3-6 are used. Whereas in W\O microemulsion formation high HLB value 

surfactants ranging from 8-18 are used (Lawrence and Rees 2012). The droplet size of 

micro emulsion range from a few to hundred nano meters (Tai, Lee et al. 2001).  

Table 2. 6 Difference between Macro and Microemulsion. 

Features  Micro emulsion  Macro emulsion  References 

Droplet size 10-100 nm .5-100 μm (Jafari, Assadpoor 

et al. 2008) 

10-100 nm .1-100 μm (Saraf 2010) 

Appearance  Clear Milky                                

(Tai, Lee et al. 

2001) 
Thermal 

stability  

Thermodynamically 

stable 

Thermodynamically 

unstable  

Preparation 

method 

Magnetic stirring Ultrasonic agitation  

Low energy 

consumption 

High energy (Lawrence and 

Rees 2000)  

Surfactant 

load  

High (10-20%) Low (Jafari, Assadpoor 

et al. 2008) 
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2.6.1.4 Nano Emulsion 

Nano emulsion having droplet size of 50-200nm are kinetically stable translucent 

system, also known as mini emulsion (Tadros 2004). Microemulsion have Brownian 

motion which may be enough to gain higher stability as opposed to sedimentation and 

creaming as compare to other emulsion (Abolmaali, Tamaddon et al. 2011). Nano 

emulsion are of two types such as oil in water nano emulsion and water in oil nano 

emulsion (Solans, Izquierdo et al. 2005). 

2.6.2 Identification Test Of Emulsion 

Table 2. 7 Identification tests for emulsion 

O/W Emulsion W/O Emulsion 

Conductivity Test 

Water is a good conductor of 

electricity which is the continuous 

phase of O\W emulsion giving the 

emulsion same characteristic. 

 

Oil is a bad conductor of electricity which is 

the continuous phase of W\O emulsion giving 

the emulsion same characteristic.  

Phase Dilution 

O\W emulsion has external aqueous 

phase which can be diluted so 

emulsion form two phases with oil 

and one with water. 

 

Oil as an external phase W\O emulsion tends 

to form one phase with oil and two with water. 

Fluorescence Test 

Under ultraviolet light O\W emulsion 

shows spotty fluorescence.  

 

Under ultra violet light fluorescence is shown 

by W\O emulsion. 

Dye Staining Test 

Water soluble dyes like methylene 

blue are used to stain O\W emulsion. 

 

Oil solule dye like Sudan III or fuchsin are 

used to dye W\O emulsion. 

 (Mabrouk 2004) 

2.6.3 Emulsion Instability 

Following are the mechanisms involve in emulsion instability 

 Creaming 

 Coalescence 

 Phase inversion 

 Ostwald Ripening 

 Flocculation (Rousseau 2000, Roland, Piel et al. 2003, Tadros 2004). 
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2.6.3.1 Creaming 

Gravity stimulated density difference between oil and water in an emulsion leads to 

creaming (Rousseau 2000). Creaming is a reversible process of sedimentation 

(Robins 2000) and an upward movement of dispersed phase i.e. oil in O\W emulsion 

(Hunter, Pugh et al. 2008). Stoke‘s law tells about the reduction of creaming in 

emulsion which could be done by decrease in droplet size, lowering the difference in 

densities of two phases or by an increase in external phase‘s viscosity (Singh, Ye et 

al. 2009).   

2.6.3.2 Coalescence 

In coalescence larger droplets which can be seen through naked eye are formed due to 

rupture of thin film of liquid among droplets combining them permanently. 

Coalescence can be avoided by reducing the size of droplets (Roland, Piel et al. 

2003). 

2.6.3.3 Phase Inversion 

Switch of medium occur during phase inversion i.e. O\W emulsion is switched to 

W\O emulsion and vice versa (Tadros 2004). Occurrence of phase inversion may be 

due addition of electrolyte or partial coalescence. There are two types of phase 

inversion namely transitional inversion which happen when surfactant distribution 

affecting variables in emulsion like HLB values, oil phase polarity and liquid phase 

salinity are changed (Vaessen and Stein 1995) and catastrophic inversion take place 

due to raise in internal phase volume (Brooks and Richmond 1994) stirring protocols 

and viscosity of phases (Rondón-González, Sadtler et al. 2006). 



30 
 

 

Figure 2. 7 Instability of Emulsion 
 (Tadros, Izquierdo et al. 2004) 

2.6.3.4 Oswald‟s Ripening 

Wilhelm Oswald was the first one to describe this phenomenon in 1896 (Valenzuela 

and Simon 2012, Yuan, Zhu et al. 2013). Small droplets with higher solubility 

dissolve gradually and then deposit on the surface of larger droplets is called Oswald 

ripening (Kabalnov and Shchukin 1992, Taylor 1995, Tadros 2004).  

2.6.3.5 Flocculation 

An emulsion instability causing irreversible process in which two or more droplets 

become bonded keeping the thin film between them intact and become larger in size 

(Borwankar, Lobo et al. 1992, Taylor 1995, Roland, Piel et al. 2003). When London-

van der waal forces exceed the repulsive surfactant forces flocculation occur 

(Rousseau 2000). Suitable emulsifier and small droplet size can reduce flocculation 

(Tadros 2004, Dickinson 2009). 

2.6.4 Applications Of Emulsion 

Emulsion have a number applications in fields like pharmaceutical industry, 

agriculture, food industry, cosmetics, petroleum and paint industry (Hunter, Pugh et 

al. 2008). 
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Following are some important applications 

2.6.4.1 Milk and Dairy Products 

Milk being the most stable naturally occurring water in oil emulsion having the 

viscosity at room temperature is equal to that of water and surfactant concentration 

ranges from 1-3% i.e. lecithin. Many dairy products produced from milk like butter, 

cheese and cream. Emulsion concentration and nature are main difference among 

milk and its products, for example, water content in milk is 87.5% as compared to 

butter, cheese and cream having water content of  16%, 45%  and 54% respectively 

(Chappat 1994). 

2.6.4.2 Food Industry 

Triglyceride derivative monoglyceride emulsions are mostly used in food industry. 

Emulsifier acting protein give stability to many food emulsions. Mayonnaise is an 

example of O\W emulsion used for dressing. Sauces are divided into three types on 

the basis of their oil content i.e. with 80% oil content category A, with 50-80% oil 

content derived from mayonnaise is category B, category C involving salad dressing 

with oil content of 15-50%. Sausages with oil, water and emulsifier content of 1-2% 

are also considered as emulsion (Chappat 1994).  

2.6.4.3 Pharmaceutical Industry 

Many active substances are carried by emulsion in pharmaceutical applications. 

These active substances using emulsion are transferred into the body in three different 

ways i.e. orally, parenterally and cutaneously. Parenteral route is used for the 

administration of water soluble drugs carried by W\O emulsion. For intramuscular 

administration of active ingredients and the administration of chemotherapeutic 

agents for cancer O\W emulsion is used. Selection of suitable emulsion for parenteral 

use must be done while keeping following points into account 

 Small droplet size ranging from 1um to 5um. 

 Emulsifier should be non-ionic with low molecular weight. 

 Selection of oils should be restricted to paraffinic and vegetable oils. 

 Emulsion viscosity should not exceed water viscosity. 
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 Stability and sterility period of emulsion should be 1-2 years (Chappat 1994). 

2.6.4.4 Cosmetic Industry 

In cosmetics emulsion have an important role while acting locally on the skin i.e. 

epidermis. Among different emulsion types O\W type of emulsion is preferred for 

administration of active ingredients in cosmetics. The preferred surfactant used in 

cosmetics are non- ionic surfactants but other types like anionic and amphoteric 

surfactants are also used. Content of surfactants in cosmetic emulsions can reach up 

to 10% and oil contents can range between 20-40%. 

While selecting emulsion for cosmetics following properties must be considered 

 In different temperatures emulsion should be stable for longer period of time. 

 When applied should have pleasant feeling. 

 Cosmetic emulsion should irritate skin 

 Rheological properties must be decent. 

 Water content, pH and nature of additives should be controlled (Chappat 

1994). 
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3. MATERIALS AND METHODS 

3.1 Chemicals And Instruments 

The following chemicals and apparatus were used during research work. 

Chemicals And Reagents Origin  

Abil EM 90 Franken chemicals, Gebinde  

Paraffin Oil  Merk (Germany) 

Methanol Merk (Germany) 

n-Hexane Merk (Germany) 

Ethyl Acetate Merk (Germany) 

Distilled Water Faculty of Pharmacy, IUB, Pakistan 

2,2-diphenyl-1-picrylhydrazyl (DPPH) Sigma Aldrich (St. Louis, MO, USA) 

Mushroom tyrosinase Sigma Aldrich (St. Louis, MO, USA) 

L-DOPA Sigma Aldrich (St. Louis, MO, USA) 

Kojic acid  Sigma Aldrich (St. Louis, MO, USA) 

Gallic acid Sigma Aldrich (St. Louis, MO, USA) 

Caffeic acid Sigma Aldrich (St. Louis, MO, USA) 

Instruments 

Rotary evaporator  (Heidolph, Co.Ltd. Japan) 

Microplate reader (Biotek synergy ht, USA) 

UV spectrophotometer (UV 4000 ORI, Germany) 

HPLC-DAD  (Agilent Germany) 

Sorbex RXC8  (Agilent USA) 

Micropipette  Zhejiang Huawei Scientific Instrument 

Co., LTD. China  

Glassware  Pyrex, France  

Electrical Balance Precisa BJ-210, Switzerland 

Electric Analytical Balance  Shimadzo (AUX 220), Japan  

Homogenizer Euro-Star, IKA D 230, Germany 

Water Bath HH .S214, China 

Centrifuge Machine Hettich EBA 20, Germany 

Conductivity-Meter WTW COND-197i, Germany 

Digital Humidity Meter TES Electronic Corp, Taiwan 

Hot Incubator Sanyo MIR-162, Japan 

pH-Meter WTW pH-197i, Germany 

Refrigerator OREINT, Pakistan  

Optical microscope Eclipse E200-LED Nikon, Tokyo, Japan  

Rheological meter (Brookfield AMETEK, USA) 

Visioscan VC 98 Courage + Khazaka, Germany 

Mexameter , MPA 5             Courage + Khazaka, Germany 

Corneometer , MPA 5 Courage + Khazaka, Germany 

Sebumeter , MPA 5 Courage + Khazaka, Germany 

Cutameter Courage + Khazaka, Germany 

Visioface® 1000 D Courage + Khazaka, Germany 
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Visio pore PP34N Courage + Khazaka, Germany 

Software Operations 

SPSS 16.0 

GraphPad Prim 5 
AUC for Thixotropy 

Graph 

Excel (MS) 

Percentage change 

Mean 

Standard Error of Mean (SEM) 

Standard Deviation 

Digimizer image analyser Droplet size determination 

RHEOCALC Version V2.6 Rheology 
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 3.2. Plant Sample Collection And Identification 

Ripe berries of Solanum nigrum (WS) and Withania somnifera (SN) were collected 

from the vicinity of Baghdad-ul-jadeed campus of Islamia University of Bahawalpur, 

Pakistan in March 2016, identified and authenticated (Dr. Ghulam Sarwar, 

Department of Botany, Faculty of Life Sciences, The Islamia University of 

Bahawalpur, Pakistan). Certified specimens of dried plants were deposited in the 

herbarium of institution. Berries were selected based on uniformity in shape and color 

criteria, washed in running tap water, separated manually, shade dried and powdered, 

using a blender. The moisture content was determined to be 61.1% and 72.2% for 

berries of W. somnifera and S. nigrum resp. 

 3.3. Extraction  

Dried powder (300 g) of berries of each plant was extracted for 72 h in a rotary shaker 

with 1500 mL methanol. The extract was filtered through Whatman No. 1 filter paper and 

evaporated to dryness using a rotary evaporator. Dried extract was subjected to 

fractionation with several organic solvents in the increasing order of polarity. The 

obtained samples were designated WSH/SNH, WSEA/SNEA, WSM/SNM, WSW/SNW 

for n-hexane, ethyl acetate, methanol and water fractions of W. somnifera and S. nigrum, 

resp. 

 3.4. Phytochemical Analysis 

 3.4.1. Qualitative Analysis 

Extracts/fractions of W. somnifera and S. nigrum berries were checked with the aid of 

various phytochemical tests.  

Assessment of phenols 

The protocol of (Horborne 1998) were exercised for presence of phenols. About 1 mg 

of each sample added in 2ml of 10% ferric chloride in distilled water. The 

development of blue or green color shows the presence of phenols. 

Assessment of flavonoids  
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The methodology described by Trease and Evans (Trease and Evans 1989) was 

employed to analyse the occurrence of flavonoids by reacting 1mg of each sample 

with 1 ml of 2N sodium hydroxide. Formation of yellow color; have an indicator of 

flavonoids presence. 

Assessment of coumarin 

Each fraction/extraction at 1mg/ml reacts with 1ml of 10% sodium hydroxide. 

Formation of yellow color indicate a positive sign for coumarin (Horborne 1998). 

Assessment of saponins 

 Frothing test was employed for the assessment of saponins. 2mg of each sample were 

subjected to 2ml distilled water in test tube and shaken forcefully. The conformation 

sign for saponins was emergence of soapy froth on the top layer of water (Horborne 

1998). 

Assessment of tannins 

Mixing 1mg of each sample with 2ml of 5% ferric chloride show dark blue or 

greenish black color; have an indicator of tannins conformation (Trease and Evans 

1989). 

Assessment of trepenoids 

Briefly, 0.5mg of each sample was added in 2ml chloroform and 2ml conc. sulphuric 

acid. The appearance of red brown color between two solvent layers, indicate the 

presence of trepenoids (Trease and Evans 1989). 

Assessment of alkaloids 

A white precipitate or green color was formed by mixing 2mg of each sample with 

sulphuric acid and with Mayer‘s regent (Trease and Evans 1989).  

 3.4.2. Total Phenolics And Total Flavonoids  

Total flavonoid content (TFC) in W. somnifera and S. nigrum berries was determined 

by mixing 0.3 mL of each fraction/extract with 0.15 mL of 0.5 mol L
–1

 NaNO2, 

followed by the addition of 0.1 mL of 0.3 mol L
–1

 AlCl3 × 6H2O and 3.4 mL of 30 % 
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methanol (Park, Jung et al. 2008). Absorbance was recorded at 506 nm. TFC was 

expressed as μg quercetin equivalents (QE) mg
–1

 of dry extract/fraction.  

Total phenolic content (TPC) was evaluated by a slight modification of the reported 

method (Kim, Jeong et al. 2003). To a mixture containing 1 mg of each 

fraction/extract in 9 mL water, 1 mL of Folin-Ciocalteu reagent was added and mixed 

thoroughly for 5 min. Then 10 mL of 7 % Na2CO3 were added, followed by the 

addition of water to a final volume of 25 mL. The mixture was then incubated for 90 

min at room temperature and absorbance was read at 750 nm, and TPC was expressed 

as μg of gallic acid equivalents (GAE) mg
–1

 of dry extract/fraction. 

 3.4.3. HPLC-DAD Analysis 

 In view of the marked antioxidant activity of ethyl acetate fractions of W. somnifera 

and S. nigrum berries, these were selected for HPLC-DAD analysis with the Zorbax 

Rx-C8 (Agilent, USA) analytical column (250 × 4.6 mm, pore size 80 Å, particle size 

5 μm) by the method of Majid et al. (Majid, Khan et al. 2015) Mobile phase was 

composed of eluent A (acetonitrile-methanol-water-acetic acid, 5/10/85/1) and eluent 

B (acetonitrile/methanol/acetic acid, 40/60/1). The gradient was as follows: 0–20 min 

(0 to 50 % B), 20–25 min (50 to 100 % B) and then isocratically 100 % B (25–40 

min), at ambient temperature. Flow rate was 1.2 mL min–1 and the volume of 

injection was 20 μL. Each sample was filtered through a membrane filter of pore size 

0.45 μm before injection. Among the standards, rutin was analyzed at 257 nm, gallic 

acid and catechin at 279 nm, caffeic acid and apigenin at 325 nm, quercetin, 

myricetin and kaempferol at 368 nm. 

 3.5. Antioxidant Activity  

 3.5.1. 2,2-Diphenyl-1-Picryl Hydrazyl (Dpph) Radical Scavenging Activity 

To estimate the DPPH radical scavenging activity of berry fractions/extracts, we 

followed the methodology of Majid et al. (Majid, Khan et al. 2015). Stock solution 

was made by dissolving 24 mg of DPPH in 100 mL of methanol and was kept at 20 

o
C. About 3 mL of DPPH from the stock solution was added to samples (1 mg mL

–1
) 
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in test tubes and incubated at room temperature for 15 min. Absorbance was recorded 

at 517 nm with ascorbic acid as a standard.  

 3.5.2. Total Antioxidant Capacity (Phosphomolybdenum Assay) 

 The basic principle of the phosphomolybdate assay is the reduction of 

molybdenum(VI) to molybdenum(V) by antioxidant species; the reduced form of 

molybdenum forms a complex with phosphate in acidic medium and at raised 

temperature to impart a dark green color to the final solution (Prieto, Pineda et al. 

1999). To observe the total antioxidant activity of plant samples, the reported protocol 

of Umamaheswari and Chatterjee, (Umamaheswari and Chatterjee 2008) was 

followed. Thus, 1 mL of the reagent solution (prepared by dissolving 28 mmol L
–1

 

Na3PO4 in 0.6 mmol L
–1

 H2SO4 with 4 mmol L
–1

 ammonium molybdate) was blended 

with 0.1 mL of each plant sample. The samples were incubated for 90 min at 95 
o
C 

over a water bath. Absorbance was read at 760 nm with gallic acid as a standard. 

 3.5.3. Total Reducing Power Assay 

The procedure of Siddhuraju et al. (Siddhuraju, Mohan et al. 2002) was used. Briefly, 

2 mL of the fraction/extract of plant berries (4 mg mL
–1

) was added into 2 mL of 0.2 

mol L
–1

 phosphate buffer (pH 6.6) and 2 mL of potassium ferricyanide (10 mg L
–1

). 

After incubation for 20 min at 50 °C, the mixture was blended with 2 mL of 

trichloroacetic acid (100 mg L
–1

), dilution was made with water (2 mL) and 0.1 % 

FeCl3 (0.4 mL) in 2 mL of reaction mixture. Absorbance was measured after 10 min 

at 700 nm with gallic acid as a standard.  

 3.6. Mushroom Tyrosinase Enzyme Inhibition Activity  

Tyrosinase enzyme inhibition assay was performed by exercising Kim‘s protocol 

(Kim 2007). Briefly, an aqueous solution containing 1 mol L
–1

 L-DOPA and 50 mmol 

L
–1

 phosphate buffer (pH 6.5) mixed with 20 μL mushroom tyrosinase (1000 units) 

was incubated for 30 min at 25 
o
C; absorbance was taken using a microplate reader at 

492 nm. 
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 3.7. Formulation Of Herbal Cosmetic Emulsion 

After standardization and antioxidant potential evaluation of various fractions of 

samples; the fraction that show strong antioxidant potential and high phenolic acid 

contents were subjected to W/O type cream formulation,  because these two 

parameter have strong relationship with stability of emulsion system. Paraffin oil was 

used as oil phase and Abil EM90 (non-ionic surfactant with HLB value 5) as 

emulsifying agent. 

 Table 3. 1 Composition of formulations of various plant extracts. 

Type Aqueous Phase Oil phase 

Distilled water Active Paraffin oil Abil 

EM90 

Formulation 1 

( Berries of 

W.somnifera) 

Q.s 100 % 1 mg/ml 

(4%) 

16 % 3.5 % 

Formulation 11 

(Berries of S.nigrum) 

Q.s 100 % 

 

1 mg/ml 

(4%) 

14 % 

 

3 % 

 

 

Briefly, accurately weighted emulsion components were heated at water bath till 

temperature of both phases was reached up to 75 C
0
. The emulsification or 

homogenization at a temperature above  60 C
0
 reduces final droplet size of 

developing emulsion and also improves continuous phase uniformity (Becker 1957). 

Initially the speed of homogenizer was set (2000 rpm for 15 min), then aqueous phase 

was fully added into oil phase drop by drop. After 15 min the speed of homogenizer 

was reduced to 1500 rpm for 10 min until the emulsion consistency was achieved. 

The formulation was allowed setting at room temperature by further reducing the 

speed of homogenizer (500 rpm for 5 min). 

 3.8. Formulation In-vitro Evaluation 

 3.8.1 Phase Studies And Sensory Attribute Of Cosmetic Formulations 

Visual inspection of emulsion was done. The investigation of emulsions for any type 

of color change, phase separation, smell, appearance and liquefactions; was done after 

0 hour and then at 8 ◦C, 25 ◦C,  40 ◦C and 40 ◦C ± 75RH in 100 ml beaker for 8 

weeks. 
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Centrifugation test was performed according to modified method of Anchisi et al., 

(Anchisi, Maccioni et al. 2001) i.e. samples were centrifuge in 40 ml centrifugal tube 

at 3000 rpm for 20 mint and results was reported as percent phase separation rate i.e. 

100 = stable, 0 = instable. 

A panel of 13 participants was included in the study for sensory evaluation of 

emulsion. Already coded samples were provided in randomized order to each 

participant for emulsion characterization and comparison. Each participant was asked 

to apply the formulation between the fingers and rubbed. Following sensory 

parameter were examined in panel test and given 5 (high) to 1 (low) star. 

o Visual inspection of emulsion 

o Cream feeling (thick, thin, slippery, sticky) 

o Skin feeling during absorption of cream (high or low force needed for cream 

spreadabality) 

o Skin appearance after application of cream (shiny, scum) 

 

 3.8.2. Size Distribution Of The W/O Emulsion  

Emulsion droplet size investigation was done using optical microscope oil emersion 

lens (100X/1.25) connected to an external source; equipped with video camera. A 

minute quantity of emulsion was diluted with continuous phase; one drop was added 

on glass slide with cover slip and examined under microscope. Droplets were 

randomly selected for size determination using Digimizer image analyzer software.   

 3.8.3. Rheological Aspect 

For evaluation of physical stability of formulations through rheological assessments, 

performed in a model DV-111 Brookfield rotational rheometer, with a cone-plate 

configuration, connected to Brookfield software, RHEOCALC Version V2.6 (Gaspar 

and Campos 2003). Varied rheological parameter was measured at 25C
0
, using 

spindle CP41 and with cream quantity of about 0.2gm was loaded into assembly. The 

analysis was executed after 24 hours creams formulation and then at different storage 

conditions with different time interval. Ascendant and descendant rheogram segments 

were obtained with progressively increasing (10-55rpm) and decreasing (55-10rpm) 

spindle rotational speed. The area under the segmented curve was calculated by 
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GraphPad Prism software version 5.01. With the given results, the consistency index, 

flow index and yield stress were mathematically calculated by power law rheological 

model of Ostwald-de waele.  

  

Where,  = shear rate, K = consistency factor,  = shear rate and n = flow behavior 

index.  

 3.8.4. SPF Measurement  

Solar protection of formulations was investigated by modified methodology of Dutra 

et al., (Dutra, Oliveira et al. 2004). Briefly, 1.0 g of sample of each formulation was 

diluted with dimethyl sulfoxide (DMSO) in 250 ml volumetric flask. Filtered it, 

through filter paper, discard 1
st
 10 ml. 5 ml of aliquot was taken and further dilutions 

was made with DMSO in 50 ml volumetric flask. Diluted, 5.0 ml was transferred to 

25 ml volumetric flask and diluted with sufficient quantity of DMSO. The absorbance 

of sample was taken at 295nm-320nm. And SPF was determined by Mansur equation.  

SPF = CF x ∑290-320 EE (λ) x I (λ) x Abs (λ) 

Where, CF= correction   factor, EE= erythmogenic effect, the value of EE (λ) x I. 

 3.8.5. Formulation In-vivo Evaluation 

 3.8.5.1. Study Design 

According to FDA (Food and Drug Regulatory Authority) and COLIPA (The 

European Cosmetic Toiletry and Perfumery Association), ten (10) volunteers were 

used for each formulation (Gaspar and Campos 2003). Before, formulation human 

skin evaluation, the patch test was performed in order to investigate any type of 

hypersensitivity reactions. The formulation was applied on forearm; the area of 

application was 5cmx4cm (Akhtar, Khan et al. 2011).  The possible sign of any 

allergic reaction was examined after 48 hrs (Mahmood, Akhtar et al. 2010). Prior to 

conduct In-vivo skin evaluation, each volunteer was provided a study design or 

protocol stating, purpose, duration, risk, procedure and benefit of the study (Akhtar, 

Zaman et al. 2011). The study was approved by the ethical committee of IUB and 

institutional review board Ref No 55/S-2018-/PERC. An informed consent was 
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obtained from all participants. Each volunteer was provided two formulations i.e. 

active and control. The instruction was delivered to every volunteer i.e. how to apply 

the formulation, duration of application, quantity and duration of visit for skin 

examination. All the skin parameter were measured before the application of creams 

and then on week 1
st
, 2

nd
, 3

rd
, 4

th
, 8

th
and 12

th
.   

Mexameter, MPA 5 (Courage + Khazaka, Germany) 

This was used for skin melanin and erythema analysis. These values were measured 

before the application of creams and then on week 1
st
, 2

nd
, 3

rd
, 4

th
, 8

th
and 12

th
.   

Corneometer, MPA 5 (Courage + Khazaka, Germany) 

This was used for skin moisture level analysis. It was measured before the application 

of creams and then on week 1
st
, 2

nd
, 3

rd
, 4

th
, 8

th
and 12

th
.   

Sebumeter, MPA 5 (Courage + Khazaka, Germany) 

Skin sebum content was measured before the application of creams and then on week 

1
st
, 2

nd
, 3

rd
, 4

th
, 8

th
and 12

th
.   

Elastometer EM 25 (Courage + Khazaka, Germany) 

Skin elasticity was measured with the help of Elastometer and was measured before 

the application of creams and then on week 1
st
, 2

nd
, 3

rd
, 4

th
, 8

th
and 12

th
.   

Visioface® 1000 D (Courage + Khazaka, Germany) 

 

Skin spots and wrinkles analysis was performed using visioface before the application 

of creams and then on week 1
st
, 4

th
 , 8

th
and 12

th
.   

Visio pore PP34N (Courage + Khazaka, Germany) 

Acne Lesions (comedones, papules and pustules) was measured before the 

application of creams and then on week 1
st
, 4

th
, 8

th
and 12

th
.   

 

Percentage Change = [(A – B) / B]*100 

Here;   

A = Individual value of any parameter (melanin, erythema, elasticity, moisture 

content and sebum) of 1
st
, 2

nd
, 3

rd
, 4

th
, 8

th
and 12

th 
week.   

 B = Zero hour value of that parameter 
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 3.8.5.2 Statistical Analysis 

The data was analyzed by two way analysis of variance (ANOVA). The Paired 

sample ―t‖ test was used for multiple comparisons. A p-value ˂ .05 considered to be 

statically significant (SPSS software). GraphPad Prism used for analysis and 

graphical representation. 
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4. RESULTS AND DISCUSSIONS 

 4.1. Phytochemical Grouping  

 4.1.1. Qualitative Analysis Of Withania Somnifera And Solanum Nigrum Berries 

Phytochemical analysis showed the presence of phenols, tannins and flavonoids in all 

extracts/fractions of berries of Withania somnifera and Solanum nigrum, except in 

WSH and SNH. Coumarins were present in WSM and WSEA while absent in other 

fractions of W. somnifera. However, coumarins were present in all samples of S. 

nigrum except in the n-hexane fraction. The presence of saponins was observed in 

WSM and WSEA only but not in other fractions of W. somnifera, and also in all 

fractions of S. nigrum except in the methanolic one. Terpenoids were present in all 

extracts/fractions of both plants except for SNEA and SNW. Alkaloids were only 

detected in WSM, SNM and WSEA Table 4.1. 

Table 4. 1 Qualitative screening of berries of W.  somnifera and S.  nigrum 

Constituents 
W. somnifera S. nigrum 

WSH WSEA WSM WSW SNH SNEA SNM SNW 

Phenols  -  +++  +++  +  -  +++  +++  + 

Flavonoids   -  +++  +++  +  -  +++  +++  + 

Coumarin  -  +  ++  -  -  ++  ++  + 

Saponins  -  +  +  -  -  -  +  - 

Tanins  -  ++  ++  +  -  +++  ++  + 

Terpenoids  +  +  ++  +  +  -  ++  - 

Alkaloids  -  +  +  -  -  - - - 

WSH - W. somnifera n-hexane fraction, WSEA - W. somnifera ethyl acetate fraction, WSM - W. 

somnifera methanolic extract, WSW - W. somnifera water fraction, SNH - S. nigrum n-hexane fraction, 

SNEA - S. nigrum ethyl acetate  fraction, SNM - S. nigrum methanolic extract, SNW - S.nigrum water 

fraction +/++/+++(-) - constituent presence with varying content i.e. + = in small quantity, ++ = 

moderate quantity, +++ = high quantity and - = absent. 

4.1.2. Total Phenolic And Flavonoid Content  

Total phenolic and flavonoid content of berries were calculated on the basis of 

standard regression lines for gallic acid (y = 0.013x + 0.061, R² = 0.999) and 

quercetin (y = 0.006x+0.052, R²=0.999) Table 4.2. The ethyl acetate fractions of the 

methanolic extract of the berries have higher phenolic and flavonoid content 

compared to the other studied fractions. Maximum quantity of TPC was found in 

WSEA (178.45 ± 2.78 μg GAE mg
-1

 dry sample) and SNEA (120.15 ± 2.33 μg GAE 

mg
-1

 dry sample) while the lowest quantities were found in WSH (27.14 ± 2.03 μg 
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GAE mg
-1 

dry sample) and SNH (35.99 ± 0.78 μg GAE mg
-1 

dry sample). Similarly, 

WSEA (96.91 ± 1.56 μg QE mg
-1 

dry sample) and SNEA (89.58 ± 0.98 

μg QE mg
-1 

dry sample) were rich in flavonoids while minute quantity of flavonoid 

was detected in WSH (12.41 ± 0.30 μg QE mg
-1 

dry sample) and SNH (13.92 ± 0.13 

μg QE mg
-1 

dry sample). Our findings are in consensus to Anagnostopoulou et al. 

(Anagnostopoulou, Kefalas et al. 2006) studies who reported that the ethyl acetate 

fraction of Citrus sinensis methanolic extract was rich in phenolic compounds than 

the other analyzed fractions. 

Table 4. 2 Analysis of total phenolic and total flavonoid content in W. somnifera and 

S.nigrum berries using different non-polar and polar solvents 

Extract/fraction 
TFC TPC 

(µg QE mg
-1

 dry sample) (μg GAE mg
-1

 dry sample) 

WSH 12.41 ± 0.30
g 

27.14 ± 2.03
h 

WSEA 96.91 ± 1.56
a 

178.45 ± 2.78
a 

WSM 63.75 ± 0.45
d 

165.53 ± 2.03
b 

WSW 19.75 ± 0.16
e 

81.30 ± 1.23
e 

SNH 13.92 ±0 .13
f 

35.99  ± 0.78
g 

SNEA 89.58 ± 0.98
b 

120.15 ± 2.33
c 

SNM 68.75 ± 0.21
c 

88.76 ± 1.56
d 

SNW 20.25 ±0.17
e 

67.45 ± 0.67
f 

GAE - gallic acid equivalent, QE - quercetin equivalent, TPC - total phenolics content, TFC - total 

flavonoids content. For other acronyms see Table 4.1. 

Each value is given as mean ± SD (n = 3). Means with different superscripts (a-h) in the column are 

significantly (p <0.05) different from one another. 

 

Figure 4. 1 Regression line of Quercetin with Total flavonoid contents. 
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Figure 4. 2 Regression line of Gallic acid with Total phenolic content. 

4.1.3. HPLC-DAD Analysis Of Ethyl Acetate Fractions 

HPLC-DAD profiles of ethyl acetate fraction of berries of W. somnifera, S. nigrum 

and the standards are illustrated in Figure. 4.3, 4.4 and 4.5, respectively and presented 

in Table 4.3. HPLC analysis, quantified the high gallic acid contents (13.74 μg mg
-1

 

dry fraction) followed by apigenin and kaempferol in WSEA while high caffeic acid 

contents (14.09 μg mg
-1

 dry fraction) followed by gallic acid, kaempferol and 

quercetin were detected in SNEA. HPLC results correlated well with antioxidant 

assays and TPC and TFC assays. 
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Figure 4. 3 HPLC-DAD profile of  WSEA at different wavelengths. a) = λ1: 257 nm, b) = λ2: 279 nm, 

c) = λ3: 325nm, d) = λ4: 368 nm. 

 
Figure 4. 4  HPLC-DAD profile of SNEA at different wavelengths. a) = λ1: 257 nm, b) = λ2: 279 nm, 

c) = λ3: 325nm, d) = λ4: 368 nm.   
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Figure 4. 5 HPLC-DAD profile of Standards at different wavelengths. a) = λ1: 257 nm, b) = λ2: 279 

nm, c) = λ3: 325nm, d) = λ4: 368 nm. 

 

Table 4. 3 HPLC-DAD analyses of SNEA and WSEA  

Flavonoids/phenols Detection wavelength (nm) 
Content (μg mg

-1
 dry fraction) 

WSEA SNEA 

Gallic acid 279 13.74±1.91
a
 5.34±1.13

b  

Caffeic acid 325 ND 14.09±2.21
a 

Quercetin 
368 

ND 2.77±0.74
c 

Kaempferol 368 3.72±1.12
c
 3.41±0.93

bc 

Apigenin 
325 

5.74±1.21
b
 ND 

Rutin 257 
ND 

ND 

Catechin 279 
ND 

ND 

Myricetin 368 
ND 

ND 

ND - not detected, SNEA, WSEA - S. nigrum and W. somnifera berries ethyl acetate fractions. Each 

value is represented as mean ± SD (n = 3). Means with different superscripts (a-c) in the column 

indicate significant (p<0.05) difference from one another. 
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Figure 4. 6 Structures of caffeic acid, gallic acid, kaempferol, apigenin and quercetin. 

 

4.1.4. Antioxidative Activity  

4.1.4.1. DPPH Radical Scavenging Activity 

Moderate to low DPPH radical-scavenging activity was exhibited by all the 

extracts/fractions studied Table 4.5. Minimum concentrations exerting 50 % 

inhibition were observed for WSEA (104.3 mg mL
–1

) and WSM and SNEA (149.4 

mg mL
–1

), while SNH showed the highest value (>1000 μg mL
-1

). Overall, the 

samples followed the following order of increasing 50 % inhibitory values: WSEA < 

SNEA < WSM < SNM < WSW < WSH < SNW < SNH Table 4.4. The DPPH radical 

scavenging activity of W. somnifera extract/fractions showed significant correlations 

with TPC (R2 = 0.9903, p < 0.01) and TFC (R2 = 0.9335, p < 0.01), as well as S. 
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nigrum with TPC (R2 = 0.9296, p <0.01) and TFC (R2 = 0.9851, p <0.01) Table 4.6. 

The strong antioxidant activity of gallic acid is attributable to its ability to scavenge 

hydroxyl radicals rather than to the hydrogen-donation mechanism (Yen, Duh et al. 

2002). The high antioxidant activity of WSEA and SNEA is justified by the high 

concentration of polyphenolics in these fractions. In this research, the WSEA fraction 

exhibited stronger free radical scavenging activity than the SNEA fraction. This 

might be due to higher gallic acid content in WSEA whereas SNEA contains caffeic 

acid Table 4.3. Plant extracts exhibiting higher amounts of gallic acid scavenge more 

free radicals and protect human cells or tissues from their injurious effects 

(Rangkadilok, Sitthimonchai et al. 2007). WSEA and SNEA fractions containing 

phenolics and flavonoids show a good scavenging ability to stabilize DPPH free 

radicals. 

Table 4. 4 IC50 values DPPH radical scavenging activity of berries of  W. somnifera and 

S. nigrum 

Sample Concentration for 50 % DPPH inhibition  (μg mL
-1

) 

WSH 495.5±5.7
f 

WSEA 104.3±4.9
b 

WSM 149.4± 9.2
c 

WSW 372.3±11.3
e 

SNH >1000 

SNEA 149.4±7.4
c 

SNM 291.2±8.2
d 

SNW 924.9±12.5
g 

AA 59.93±3.7
a 

AA - ascorbic acid. Each value is represented as mean ± SD (n = 3). Means with different superscripts 

(a-g) in the column indicate significant (p <0.05) difference from one another. 
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Figure 4. 7 Antioxidant activity (DPPH) of plants extracts/fractions and standard at different 

concentrations. Mean ± SD, n= 3 

 

4.1.4.2. Phosphomolybdenum Assay 

The analysis of total antioxidant capacity of various extracts/fractions was expressed 

as GAE (mg g
-1

 dry sample) as shown in Figur 4.8. Total antioxidant activity was 

found to increase in the following order: SNH˂ WSH ˂  SNW 

˂ WSW˂WSM˂ SNM˂  SNEA˂ WSEA and have significant correlation with TPC 

and TFC as shown in Table 4.6. Sahreen et al. (Sahreen, Khan et al. 2010) also 

reported that the ethyl acetate fraction of Carissa opaca fruit is the best fraction in the 

phosphomolybdenum assay. 

 
Figure 4. 8 Total antioxidant activity of W. somnifera and S. nigrum extract/fractions (mg GAE g

-1
 

extract).  



52 
 

GAE, Gallic acid equivalent. Mean±SD, n=3. Means with different superscripts (a-c) on the bars 

shows significant (p <0.05) difference between different groups. 

 4.1.4.3. Reducing Power Assay  

Potassium ferricyanide reduction method was exercised to determine reducing power 

activity of W. somnifera and S. nigrum berries. In our study ethyl acetate fractions of 

both plants showed the highest reducing power (in GAE) of 856.7 and 720.6 mg g
-1

 

dry sample respectively, as shown in Figure 4.9. WSEA and SNEA fractions of 

berries showed higher reducing capacity compared to other fractions. This result is in 

agreement with that of Duan et al.  (Duan, Zhang et al. 2006), who reported that ethyl 

acetate fraction of Polysiphonia urceolata showed higher reducing power than other 

fractions. The reducing activity show significant correlation with both TPC (R
2
 = 

0.9729, p <0.01) and TFC (R
2
 = 0.9258, p <0.01) for W. somnifera and TPC (R

2
 = 

0.9422, p <0.01) and TFC (R
2
 = 0.9265, p <0.01) for S. nigrum Table 4.6.  The 

statement is supported by Chen and Ahn (Chen and Ahn 1998), who gave idea that 

phenolic compounds like caffeic acid, quercetin, rutin and catechin have admirable 

reducing power for ferric ion. 

 
 

Figure 4. 9 Reducing power activity of W. somnifera and S. nigrum extract/fractions (mg GAE g
-1

 

extract).  

Mean±SD, n=3. Means with different superscripts (a-d) on the bars shows significant (p <0.05) 

difference between different groups. 

In summary, Ethyl acetate fractions of both W. somnifera and S. nigrum at 

concentration of 1mg mL
-1

 showed the highest DPPH radical scavenging of 80.0±4.5 

and 77.8±5.8 %, total antioxidant capacity of 81.4±5.7 and 76.8±5.3 % and 85.7±4.5 
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and 72.1±5.1 % of ferric reducing antioxidant power, resp., followed by methanolic 

extract. n-hexane fraction showed the least antioxidant activity as shown in Table 4.5. 

 

Table 4. 5 Inhibition of free radicals by berries of W. somnifera and S. nigrum (1mg mL
-1

) 

Inhibition (%) 

Sample DPPH radical 

scavenging 

Antioxidant 

capacity 

Reducing 

power 

WSH  52.5±3.4
d
 38.1±2.8

g
 23.4±2.1

f 

WSEA 80.0±4.5
a
 81.4±5.7

a
 85.7±4.5

a 

WSM  75.6±3.9
b
 
 

65.5±4.8
d 

71.6±3.4
b 

WSW 56.9±2.6
c
 56.9± 4.2

e
 44.2±4.3

d 

SNH 45.9±2.4
e
 31.6±2.9

h
 24.6±3.2

f 

SNEA 77.8±5.8
ab

 76.8±5.3
b
 72.1±5.1

b 

SNM 74.5±4.1
b
 68.6±4.4

c
 64.2±4.8

c 

SNW 53.6±3.3
d 44.4±3.6

f 41.3±4.1
e 

Each value is represented as mean ± SD (n = 3). Means with different superscripts (a-h) in the column 

are significantly (p <0.05) different from one another. 

 

Table 4. 6 Correlations between antioxidant activities of  W. somnifera and S. nigrum and 

total phenolic and total flavonoid contents 

Antioxidant activity  

R
2
 

W. somnifera S. nigrum 

TPC TFC TPC TFC 

DPPH radical scavenging activity 0.9903
*** 

0.9335
*
 0.9296

*
 0.9851

**
 

Total antioxidant activity 0.8891
* 

0.8104
ns 

0.9518
**

 0.9576
**

 

Reducing power assay 0.9729
** 

0.9258
*
 0.9422

**
 0.9265

*
 

TFC - total flavonoids content, TPC - total phenolics content. Different superscripts, * indicates the level 

of significance (p <0.05), ** (p <0.01) and *** (p <0.001) while 
ns 

(p >0.05).  
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 4.1.5. Inhibitory Activity Of Mushroom Tyrosinase 

Flavonoids showed capability of tyrosinase inhibition by active site chelation 

mechanism (Fu, Li et al. 2005). In the current study, WSEA and SNEA fractions 

exhibit antityrosinase activity greater than other fractions at concentration of 1 mg 

mL
-1

, i.e., 59.6 and 58.7 % resp. Figure 4.10. HPLC profiling showed the presence of 

kaempferol and quercetin as major flavonoids in ethyl acetate fractions of herbal 

berries. These flavonoids bear 3-hydroxy-4-keto group may competitively inhibit 

tyrosinase activity by copper ion chelation at the enzyme active site (Kim and Uyama 

2005). Significant tyrosinase enzyme inhibition activity and antioxidant activity of 

both plant extracts might be due to polyphenols and flavonoids. 

 

 

 
Figure 4. 10 Tyrosinase inhibition assay of berries of W. somnifera and S. nigrum extract/fractions at 

1mg mL
-1

 concentration.).  

Mean±SD, n=3. Means with different superscripts (a-e) on the bars shows significant (p <0.05) 

difference between different groups. 
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4.2. Formulation In-vitro Evaluation 

4.2.1. Texture And Cosmetic Properties Of The Creams  

4.2.1.1. Panel Tests  

Panel tests of thirteen participants were included in sensory evaluation of fresh 

creams. In sensory evaluation of fresh formulations, the four basic characteristic of 

cosmetic cream was observed by panelist i.e. cream appearance (thick or thin), 

feeling (sticky or slippery), skin feeling during (force needed) and after application 

(shiny or sum) Table 4.7. From the results of 13 participants this will be observe that 

formulation F1 is thick, slippery, non-sticky, no force is required during rubbing and 

did not give shiny look on skin after application. Similarly for F2 results indicate that 

the formulation is thin, slippery, non-sticky, no force is required during rubbing and 

did not give shiny look on skin after application. 

Table 4. 7 Sensory attribute of herbal formulation. 

 Formulations Thick Thin Slippery Sticky Force Shiny Scum 

F1 

5(9) 1(9) 4(8) 1(11) 1(13) 1(10) 2(7) 

3(2) 2(2) 3(3) 2(2) - 3(2) 3(3) 

4(2) 3(2) 2(2) -  - 2(1) 1(3) 

F2 

2(10) 5(11) 4(9) 2(9) 1(13) 2(12) 1(13) 

3(3) 2(1) 3(4) 3(3) - 3(1) - 

 - 3(1)  - 2(1) -  - - 
F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 formulation contained 

active Solanum nigrum ethyl acetate fraction. The first number represents the panelists‘ opinion of the 

creams, 5-1. Where 5 is very and 1 is that little or not at al. The number in brackets represents the 

number of panelists, which in total were 13. 

4.2.2. Accelerated Stability Studies 

Several factors like pH, temperature and light affect the stability of cosmetic 

products. These factors are responsible for instability problems in emulsion system. 

In order to achieve safety, efficacy and quality of pharmaceutical and cosmetic 

products, stability test is performed   (Baby, Migliato et al. 2007). Temperature has 

great impact on the stability of W/O type emulsion (Benney and Hamlin 1971).  

Organoleptic attribute of formulation F1 (WSEA fraction) and F2 (SNEA fraction) at 

different thermal conditions with altered time interval were represented in Table 4.8, 

4.9, 4.10 and 4.11. Variations in color, appearance, smell and spreadabality were 
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analyzed during study period of two month. The formulations remain stable 

throughout the study with respect to no change formation in color and smell. 

However, at high storage temperature i.e. at 40 and 40 +75 RH, after 60 days minute 

deviations were observed in appearance and spreadabality of both formulations Table 

4.10 and 4.11. Physical stability of emulsion is function of temperature (Saito and 

Shinoda 1970) i.e. as the temperature increase stability of emulsion decrease. 

Emulsion parameters like HLB value of surfactant, interfacial tension, viscosity and 

vapor pressure of liquid phase  depend on temperature (Nour and Yunus 2006). 

Formulation (F1) contain Withania somnifera  extract which is rich in polyphenols 

like (gallic acid, syringic acid, benzoic acid, p-coumaric acid and vanillic acid as well 

as flavonoids like catechin, kaempferol and naringenin) (Alam, Hossain et al. 2011) 

while formulation (F2) contain Solanum nigrum extract that constitutes flavonoids 

like rutin, naringenin, luteolin, quercetin, apigenin, kaempferol and  phenolic acids 

like (gallic acid, protocatechuic aicd, gentisic acid, caffeic acid, syringic acid, p-

coumaric acid, ferulic acid, m-coumaric acid) (Huang, Syu et al. 2010). These 

polyphenols inhibit the bacterial growth that produce compounds responsible for 

color variations in cosmetic formulations (Waqas, Akhtar et al. 2010). Both 

formulations contain Abil EM 90 as an emulsifying agent whuch is lipophilic in 

nature (Muguet, Seiller et al. 2001) and remain stable although the temperature is 

high (Bjerregaard, Vermehren et al. 2001). 

Table 4. 8 Organoleptic properties of functionalized formulations at 8 C
0
. 

Formulation F1 

Temperature 8 

C
0
 

Hours Days 

0 7 15 30 60 

Appearance Homogenous 

Color Light red 

Smell Odorless 

Spreadability Good 

Formulation F2 

Temperature 8 

C
0
 

 Hours Days 

0 7 15 30 60 

Appearance Homogenous 

Color Light green 

Smell Odorless 
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Spreadabality Good 
F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 formulation contained 

active Solanum nigrum ethyl acetate fraction. All cosmetic properties were inspected visually by 

necked eye. 

 

Table 4. 9  Organoleptic properties of functionalized formulations at 25 C
0
. 

Formulation F1 

Temperature 25 

C
0
 

Hours Days 

0 7 15 30 60 

Appearance Homogenous 

Color Light red 

Smell Odorless 

Spreadabality Good 

Formulation F2 

Temperature 25 

C
0
 

Hours Days 

0 7 15 30 60 

Appearance Homogenous 

Color Light green 

Smell Odorless 

Spreadabality Good 
 

Table 4. 10  Organoleptic properties of functionalized formulations at 40 C
0
. 

Formulation F1 

Temperature 
40 C

0  

Hours Days 

0 7 15 30 60 

Appearance Homogenous  + Liquefaction 

Color Light red 

Smell Odourless 

Spreadabality Good  + Poor 

Formulation F2 

Temperature 
40 C

0 

Hours Days 

0 7 15 30 60 

Appearance Homogenous  ++ Liquefaction 

Color Light green 

Smell Odourless 

Spreadabality Good  ++ Poor 
F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 formulation contained 

active Solanum nigrum ethyl acetate fraction. All cosmetic properties were inspected visually by 

necked eye. 
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Table 4. 11  Organoleptic properties of functionalized formulations at 40C
0
+75 RH. 

Formulation F1 

Temperature 
40C

0
+75 RH 

Hours Days 

0 7 15 30 60 

Appearance Homogenous  + Liquefaction 

Color Light red 

Smell Odourless 

Spreadabality Good  + Poor 

Formulation F2 

Temperature 
40C

0
+75 RH 

Hours Days 

0 7 15 30 60 

Appearance Homogenous  ++ Liquefaction 

Color Light green 

Smell Odourless 

Spreadabality Good  ++ Poor 
F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 formulation contained 

active Solanum nigrum ethyl acetate fraction. All cosmetic properties were inspected visually by 

necked eye. 

4.2.3. Phase Separation By Centrifugation  

Long term physical stability of W/O type emulsion system is also determine by 

centrifugation test (Bjerregaard, Vermehren et al. 2001). Data of centrifugation assay 

of both formulations was demonstrated in Table 4.12 and Figure 4.11. It was 

observed that formulations show stability at different storage conditions. This was 

due to two liquid phase are miscible with each other and have suitable 

homogenization speed during the formulation of emulsion. That inhibit the breakage 

of formulation and base (Waqas, Akhtar et al. 2010).  Miner phase separation was 

detected from 30 days at 40 C
0 

and 40 C
0
 + 75 RH and this rate was gradually 

enhanced. 
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Table 4. 12 Phase separation study by centrifugation data analysis of functionalized 

cosmetic creams. 

Formulation F1 

Temperature 
Hours Days       

0 7 15 30 60 

8C
0
 

  100 100 100 100 100 

25 C
0
 

  100 100 100 100 100 

40 C
0
 

  100 100 100 0 0 

40 C
0
 + 75 RH 100 100 100 0 0 

Formulation F2 

Temperature 
Hours Days       

0 7 15 30 60 

8 C
0
 

  100 100 100 100 100 

25 C
0
 

  100 100 100 100 0 

40 C
0
 

  100 100 100 0 0 

40 C
0
 + 75 RH  100 100 

 

0 0 
 

 
Figure 4. 11 Phase separation by centrifugation. F1 formulation contained active Withania somnifera 

ethyl acetate fraction, F2 formulation contained active Solanum nigrum ethyl acetate fraction  

RH, relative humidity. The data was presented as percent (100) = stable and 0 = instable, on the scale 

of 0-100, the formulation that show 100 was considered to be stable and gradually phase separation 

occur from 100-0.    

4.2.4. Rheological Attributes And Solar Protection 

Rheological behavior of emulsion continuous phase and droplet size distribution, 

particle-particle interaction, internal viscosity and droplet concentration/size are the 

factors that determine the basic rheological characteristic of emulsion system (Barnes 

1994). Rheological behaviors of cosmetic formulations were examined 0 hour after 
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formulation and then after 7, 15, 30 and 60 days at various thermal conditions. With 

Power law Model, Casson Model and IPC past Model; the value of apparent 

viscosities and consistency index was calculated Table 4.13, 4.14, 4.15 and 4.16. The 

area under the ascendant and descendent rheogram curves (thixotropy) and SPF (solar 

protection factor) was determined 0 hours formulations development and after 60 

days at different storage conditions. The solar protection factor values for fresh F1 

and F2 formulations was proven to 3.11±0.34 and 2.34±0.12 respectively at optimum 

thixotropic value of 16964±41 (D/cm
2
.s) and 16471±35 (D/cm

2
.s). The SPF show 

significant correlation with both thixotropy and viscosity Table 4.18. The emulsion 

system exhibit high thixotropic value show low or little SPF and the idyllic 

formulation is one that have optimum thixotropy (Dahms 1994) Table. 4.17. The 

formulations with optimum thixotropy values have high solar protection, if the 

thixotropic value lies below the optimum value than there is poor spreadabality of 

cream and if this value lies above the optimum value then there is structural 

breakdown occur in the emulsion system due unevenly distributed film (Hewitt and 

Dahms 1996). Antioxidant compounds such as phenols and flavonoids are added in 

commercially available sunscreen, in order to protect from photo damage by harmful 

UV radiations and to augment solar protection effect of these sunscreens (Hassan, 

Dorjay et al. 2013). Herbal formulations exhibit Non-Newtonian kinetic with flow 

index ˂ 1 (Gaspar and Campos 2003). The viscosity of fresh formulation F1 and F2 

was calculated as 475 (P) and 450 (P) respectively. The viscosity of fresh 

formulations was gradually reduced with increasing shear stress and regular 

increasing shear rate Figure 4.12.  At the lapse of 60 days at various storage 

conditions; the viscosity, flow index and consistency index of formulations decrease 

which show the sign of instability at accelerated storage conditions.  
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Table 4. 13  Rheological cosmetic herbal formulations at 8C
0
. 

Fresh 

Formulation Viscosity
* 

Flow index Yield stress 

F1 475.00 0.56 27.1 

F2 450.50 0.58 23.8 

7 days 

F1 459.8 0.52 33.6 

F2 374.3 0.59 21.5 

15 days 

F1 426.3 0.61 22.1 

F2 382.3 0.60 20.9 

30 days 

F1 425.0 0.59 24.3 

F2 386.4 0.63 18.6 

60 days 

F1 421.20 0.61 20.4 

F2 380.68 0.60 23.5 

*, 10 RPM viscosity. F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 

formulation contained active Solanum nigrum ethyl acetate fraction. Each value is represented as mean 

± SD (n = 3).  

 Table 4. 14 Rheological cosmetic herbal formulations at 25C
0
. 

Fresh 

Formulation Viscosity
* 

Flow index Yield stress 

F1 475.00 0.56 27.1 

F2 450.50 0.58 23.8 

7 days 

F1 447.6 0.59 26.3 

F2 379.3 0.56 24.4 

15 days 

F1 416.1 0.54 28.7 

F2 327.8 0.56 21.1 

30 days 

F1 415.4 0.62 21.3 

F2 305.3 0.66 12.6 

60 days 

F1 408.92 0.59 21.9 

F2 262.79 0.63 13.2 
*, 10 RPM viscosity. F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 

formulation contained active Solanum nigrum ethyl acetate fraction. Each value is represented as mean 

± SD (n = 3).  
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Table 4. 15  Rheological cosmetic herbal formulations at 40C
0
+75 RH. 

Fresh 

Formulation Viscosity
* 

Flow index Yield stress 

F1 475.00 0.56 27.1 

F2 450.50 0.58 23.8 

7 days 

F1 427.2 0.57 26.7 

F2 347.2 0.57 20.7 

15 days 

F1 406.8 0.61 20.8 

F2 314.3 0.57 19.4 

30 days 

F1 405.0 0.61 22.1 

F2 297.5 0.67 12.7 

60 days 

F1 314.37 0.66 13.7 

F2 - - - 

*, 10 RPM viscosity. F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 

formulation contained active Solanum nigrum ethyl acetate fraction. Each value is represented as mean 

± SD (n = 3). 

Table 4. 16  Rheological cosmetic herbal formulation at 40C
0
. 

Fresh 

Formulation Viscosity Flow index Yield stress 

F1 475.00 0.56 27.1 

F2 450.50 0.58 23.8 

7 days 

F1 451.6 0.57 27.8 

F2 374.5 0.58 21.9 

15 days 

F1 412.6 0.63 16.7 

F2 320.5 0.59 19.3 

30 days 

F1 408.9 0.59 24.2 

F2 306.8 0.63 15.5 

60 days 

F1 356.12 0.62 17.3 

F2 272.6 0.61 17.8 

*, 10 RPM viscosity. F1 formulation contained active Withania somnifera ethyl acetate fraction, F2 

formulation contained active Solanum nigrum ethyl acetate fraction. Each value is represented as mean 

± SD (n = 3).  
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Figure 4. 12 Graphs represent the reduction in the Viscosity and Consistency Index of cosmetic 

formulation at various thermal conditions.  

A) F1 formulation contained active Withania somnifera ethyl acetate fraction at different storage 

conditions for two month. B) F2 formulation contained active Solanum nigrum ethyl acetate fraction at 

different storage conditions for two month. 
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Figure 4. 13 Thixotropic behavior of cosmetic herbal formulations.  

F1 At 0
0
C , Rheogram curves (ascendant and descendent) of formulation contained ethyl acetate 

fraction of Withania somnifera  berries,  First X = 10.00, First Y = 110.0, Peak X = 110.0 and Peak Y 

= 245.4, Area under the segmented curves 16964±41.3. F2 At 0
0
C, Thixotropic behavior of 

formulation contained ethyl acetate fraction of Solanum nigrum berries, First X = 10.00, First Y = 

110.0, Peak X = 110.0 and Peak Y = 241.42, Area under the segmented curves 16471±39.1 

(D/cm
2
.s).F1 (A) At 8

0
C, First X = 10.00, First Y = 110.0, Peak X = 110.0 and Peak Y = 241.2, Area 

under the segmented curves 16175±35.2 (D/cm
2
.s). F2 (A) At 8

0
C, First X = 20.00, First Y = 110.0, 

Peak X = 110.0 and Peak Y = 227.9, Area under the segmented curves 14836±34.7. F1(B) At 25 
0
C, 

First X = 10.00, First Y = 110.0, Peak X = 110.0 and Peak Y = 228.2, Area under the segmented 

curves 15853±34.98. F2(B) At 25 
0
C, First X = 10.00, First Y = 110.0, Peak X = 110.0 and Peak Y = 

183.22, Area under the segmented curves 12070±32.98 (D/cm
2
.s). F1(C) At 40 

0
C +75RH, First X = 

10.00, First Y = 110.0, Peak X = 110.0 and Peak Y = 240.00, Area under the segmented curves 

15652±29.81. F1 (D) At 40 
0
C, First X = 10.00, First Y = 110.0, Peak X = 110.0 and Peak Y = 237.00, 

Area under the segmented curves 15290±36.91 (D/cm
2
.s). F2 (D) At 40 

0
C, First X = 10.00, First Y = 

110.0, Peak X = 110.0 and Peak Y = 163.00, Area under the segmented curves 11536±26.89. 

 

4.2.5. Droplet Size Distribution 

The droplet size of cream formulation are not only the stability determining factor but 

also explain its rheological aspects (Strathclyde 1990). The droplet size of emulsion 

systems was determined after 0 hours of development and after 60 days storage at 

various thermal conditions. Droplets size, of fresh formulations of berries of W. 

somnifera ethyl acetate fraction (F1) and S. nigrum berries ethyl acetate fraction (F2) 

was found to be 2.04±0.577µm and 2.31±0.532µm respectively Figure 4.14. 

Emulsion droplets size analysis after 60 days, at high storage temperature was 

confirmed that mean droplet size of both formulation F1 and F2 was increased, i.e. 

7.21±3.532µm and 6.40±2.927µm respectively Figure 4.15. The study show that the 

droplet size of both formulation increases as compared to fresh formulation, the 

increase in the droplet size of emulsion system will result in decrease the consistency 

index and viscosity on storage (Lashmar and Beesley 1993). 
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Figure 4. 14 Droplet size distribution of fresh cosmetic formulations (F1 and F2).  

 A) Formulation F1 (WSEA), mean droplet size is 2.04±0.577µm (n=80). B) Formulation F2 (SNEA), 

mean droplet size is 2.31±0.532µm (n=80). Scale = 100µm. 

 

 
 Figure 4. 15 Droplet size distribution of formulations after 7 days at 8 C

0
 and 25 C

0
 

A) Formulation F1 (WSEA), mean droplet size is 2.56±0.155µm at 8 C
0
 (n=80). B) Formulation F2 

(SNEA), mean droplet size is 3.1±0.678µm at 8 C
0
 (n=80). C) Formulation F1 (WSEA), mean droplet 

size is 3.7±0.155µm at 25 C
0
 (n=80). D) Formulation F2 (SNEA), mean droplet size is 3.90±0.678µm at 

25 C
0
 (n=80). Scale = 100µm. 
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Figure 4. 16 Droplet size distribution of formulations after 7 days at 40 C
0 
+ 75RH  and 40 C

0  

A) Formulation F1 (WSEA), mean droplet size is 4.1±0.78µm at 40 C
0 

+ 75RH (n=80). B) 

Formulation F2 (SNEA), mean droplet size is 4.43±0.68µm at 40 C
0 

+ 75RH (n=80). C) Formulation 

F1 (WSEA), mean droplet size is 4.0±0.15µm at 40 C
0 

(n=80). D) Formulation F2 (SNEA), mean 

droplet size is 4.34±0.78µm at 40 C
0 
(n=80). Scale = 100µm. 

  
Figure 4. 17 Droplet size distribution of formulations after 15 days at 8 C

0
 and 25 C

0 
 

A) Formulation F1 (WSEA), mean droplet size is 2.9±0.95µm at 8 C
0
 (n=80). B) Formulation F2 

(SNEA), mean droplet size is 3.4±0.8µm at 8 C
0
 (n=80). C) Formulation F1 (WSEA), mean droplet 

size is 3.9±0.5µm at 25 C
0
 (n=80). D) Formulation F2 (SNEA), mean droplet size is 4.1±0.69µm at 25 

C
0
 (n=80). Scale = 100µm. 
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Figure 4. 18 Droplet size distribution of formulations after15 days at 40 C

0 
+ 75RH and 40 C

0  

A) Formulation F1 (WSEA), mean droplet size is 4.42±0.18µm at 40 C
0 

+ 75RH (n=80). B) 

Formulation F2 (SNEA), mean droplet size is .4.76±0.98µm at 40 C
0 

+ 75RH (n=80). C) Formulation 

F1 (WSEA), mean droplet size is 4.1±0.15µm at 40 C
0 

(n=20). D) Formulation F2 (SNEA), mean 

droplet size is 4.344±0.756µm at 40 C
0 
(n=20). Scale = 100µm. 

 

 
Figure 4. 19 Droplet size distribution of formulations after 30 days at 8 C

0
 and 25 C

0 
 

A) Formulation F1 (WSEA), mean droplet size is 4.0±01.6µm at 8 C
0
 (n=20). B) Formulation F2 

(SNEA), mean droplet size is 4.30±0.97µm at 8 C
0
 (n=20). C) Formulation F1 (WSEA), mean droplet 

size is 4.46±1.88µm at 25 C
0
 (n=20). D) Formulation F2 (SNEA), mean droplet size is 4.52±2.4µm at 

25 C
0
 (n=20). Scale = 100µm. 
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Figure 4. 20 Droplet size distribution of formulations after30 days at40 C

0 
+ 75RH  and 40 C

0  

A) Formulation F1 (WSEA), mean droplet size is 4.56±3.15µm at 40 C
0 

+ 75RH (n=20). B) 

Formulation F2 (SNEA), mean droplet size is 6.05±5.94µm at 40 C
0 

+ 75RH (n=20). C) Formulation 

F1 (WSEA), mean droplet size is 4.44±3.29µm at 40 C
0 

(n=20). D) Formulation F2 (SNEA), mean 

droplet size is 5.2±2.8µm at 40 C
0 
(n=20). Scale = 100µm. 

 

 
Figure 4. 21 Droplet size distribution of formulations after 60 days at 8 C

0
 and 25 C

0 
 

A) Formulation F1 (WSEA), mean droplet size is 5.77±2.1µm at 8 C
0
 (n=20). B) Formulation F2 

(SNEA), mean droplet size is 6.41±2.88 µm at 8 C
0
 (n=20). C) Formulation F1 (WSEA), mean droplet 

size is 6.8±4.05 µm at 25 C
0
 (n=20). D) Formulation F2 (SNEA), mean droplet size is 6.29±1.63µm at 

25 C
0
 (n=20). Scale = 100µm. 
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Figure 4. 22 Droplet size distribution of formulations after 60 days at 40 C

0 
+ 75RH and 40C

0 
 

A) Formulation F1 (WSEA), mean droplet size is 8.24±4.4 µm at 40 C
0 

+ 75RH (n=20). B) 

Formulation F2 (SNEA), phase separation at 40 C
0 

+ 75RH (n=20). C) Formulation F1 (WSEA), mean 

droplet size is 7.34±3.29µm at 40 C
0 

(n=20). D) Formulation F2 (SNEA), mean droplet size is 

8.1±4.4µm at 40 C
0 
(n=20). Scale = 100µm. 
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4.3. Formulations In-vivo Evaluation  

4.3.1. Patch Test 

Patch test was performed on forearm of each and every volunteer for any type of skin 

sensitivity. An area of (5 cm X 4 cm) was circled on right and left forearms and 1.0g 

of saturated patch with base and formulation was applied to left and right. After 48 

hours patches were removed and values were recorded. Obtained values for 

formulation F1 (WSEA), Base (B1) and F2 (SNEA) and Base (B2) have been given 

in the Table 4.19 and 4.21 respectively. The results indicate no sign of 

hypersensitivity for both formulations.  

Table 4. 19  Patch test for Melanin and Erythema for formulation F1 (WSEA) and base 

(B1) 

Volunteers 

Formulation F1 (WSEA) Base (B1) 

Melanin Erythema Melanin Erythema 

0 Hrs 48 Hrs 0 Hrs 48 Hrs 0 Hrs 48 Hrs 0 Hrs 48 Hrs 

1 345 347 458 456 321 324 456 477 

2 387 377 502 501 345 341 467 465 

3 298 307 477 478 234 254 433 431 

4 367 369 444 455 298 276 367 356 

5 288 297 453 450 332 356 389 390 

6 301 296 421 425 378 377 412 425 

7 401 377 396 388 267 287 432 421 

8 365 356 388 380 254 226 508 501 

9 333 325 421 427 289 301 521 518 

10 281 286 453 448 367 355 499 498 

 

Table 4. 20 Percentage of Change in Melanin/Erythema in case of formulation (F1) and  

base  (B1) after 48 hours 

Volunteers 
Percentage Change (F1) Percentage Change Base (B1) 

Melanin Erythema Melanin Erythema 

1 0.58 -0.44 0.93 4.61 

2 -2.58 -0.20 -1.16 -0.43 

3 3.02 0.21 8.55 -0.46 

4 0.54 2.48 -7.38 -3.00 

5 3.13 -0.66 7.23 0.26 

6 -1.66 0.95 -0.26 3.16 

7 -5.99 -2.02 7.49 -2.55 

8 -2.47 -2.06 -11.02 -1.38 

9 -2.40 1.43 4.15 -0.58 

10 1.78 -1.10 -3.27 -0.20 

Mean ± SD -0.60±2.91 -0.14±1.46 0.53±6.54 -0.06±2.34 

SEM 0.92 0.46 2.07 0.74 
SD-Standard deviation, SEM- Standard Error of Mean 
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Table 4. 21 Patch test for Melanin and Erythema for formulation F2 (SNEA) and base 

(B2)   

Volunteers 

Formulation F2 (SNEA) Base (B2) 

Melanin Erythema Melanin Erythema 

0 Hrs 48 Hrs 0 Hrs 48 Hrs 0 Hrs 48 Hrs 0 Hrs 48 Hrs 

1 348 345 477 475 345 335 471 466 

2 366 378 469 467 388 376 465 463 

3 304 288 389 387 267 256 399 401 

4 356 367 435 444 301 287 429 426 

5 290 277 476 465 333 321 459 466 

6 377 375 421 432 366 355 415 411 

7 423 415 456 432 435 433 437 435 

8 345 354 378 384 341 333 388 382 

9 323 308 454 439 316 309 456 451 

10 311 297 503 476 317 321 498 501 

 

 

Table  4. 22 Percentage of Change in Melanin/Erythema in case of formulation (F2) and 

base  (B2) after 48 hours 

Volunteers 
Percentage Change (F2) Percentage Change Base (B2) 

Melanin Erythema Melanin Erythema 

1 -0.86 -0.42 -2.90 -1.06 

2 3.28 -0.43 -3.09 -0.43 

3 -5.26 -0.52 -4.12 0.50 

4 3.09 2.03 -4.65 -0.70 

5 -4.48 -2.37 -3.60 1.53 

6 -0.53 2.55 -3.01 -0.96 

7 -1.89 -5.56 -0.46 -0.46 

8 2.61 1.56 -2.35 -1.55 

9 -4.64 -3.42 -2.22 -1.10 

10 -4.50 -5.67 1.26 0.60 

Mean ± SD -1.32±3.40 -1.22±2.96 -2.51±1.75 -0.36±0.95 

SEM 1.07 0.94 0.55 0.30 

SD-Standard deviation, SEM- Standard Error of Mean 
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4.3.2. Skin Melanin And Erythema 

Melanin is synthesized in specialized skin cells known as melanocytes. Skin color 

mainly depends on number, size, shape and distribution of melanosomes. Human skin 

produces two types of melanin pigments 1).  eumelanin (dark brown) 2). pheomelanin 

(yellow to reddish). These two pigments different from each other, not only on the 

bases of color variation but also on sulphur contents and solubility behavior (Ortonne 

2002). Many factors like sun exposure or disease (hyperpigmentation or melisma) are 

responsible for over secretion of melanin. This oversecretion is due to melanin 

degradation, photoionization or free radical production. Tyrosinase enzyme plays an 

important role in the production of melanin. This enzyme catalyzes two types of 

reactions hydroxylation of tyrosine to DOPA and oxidation of DOPA to a red 

intermediate known as dopachrome. Dopachrome spountansly converted into 5,6 

dihydroxyindol (DHI) or 5,6 dihydroxyindol 2-carboxylic acid (DHICA) that produce 

melanin by free radical coupling pathways (Ortonne 2002, Wang, Lin et al. 2006). It 

was found that melanin level of human skin deceased by the application of 

formulation (F1) and formulation (F2) Figure 4.23 and 4.24 respectively, while bases 

B1 and B2 increase melanin level of human skin due to presence of paraffin oil in 

base system. On the bases of ANOVA test it was found that formulation (F1) and 

base (B1) in case of melanin produce significant effect with respect to time Table 

4.23 and Table 4.24 respectively and formulation (F2) and base (B2) in case of 

melanin produce significant effect with respect to time Table 4.26 and Table 4.27 

respectively. With the help of paired sample t-test, it was found that significant 

differences occur between the melanin level of formulation (F1) and base (B1) Table 

4.25 while that insignificant difference occur between the melanin level of 

formulation (F2) and base (B2) Table 4.28. The erythema level of skin was decreased 

by the application of formulation (F1) and formulation (F2) Figure 4.25 and 4.26 

respectively.  On the bases of ANOVA test it was found that formulation (F1) and 

base (B1) in case of erythema produce insignificant effect with respect to time Table 

4.30 and Table 4.31 respectively and formulation (F2) produce significant and base 

(B2) insignificant effect in case of erythema with respect to time Table 4.33 and 

Table 4.34 respectively. With the help of paired sample t-test, it was found that 
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significant differences occur between the erythema level of formulation (F1) and base 

(B1) Table 4.32 while that insignificant difference occur between the erythema level 

of formulation (F2) and base (B2) Table 4.35. Withania somnifera extract show 

tyrosinase inhibitory effect by downregulating melanogenic cytokines like 

endothelin-1 (EDN-1) and stem cell factor (SCF) that produce in skin during UVB 

exposure. Medicinal plant contain antioxidant compounds like phenols and flavonoids 

(Nakajima, Wakabayashi et al. 2011) these antioxidant compounds inhibit the 

melanin level when present in cosmetic formulations (Waqas, Akhtar et al. 2010). 

There are numbers of bioactive molecules account for antioxidant potential of 

Solanum nigrum Linn, but the most abundantly these are polyphenols such as 

flavonoids, phenols, tocopherols, tannins and carotenoids. It was confirmd that leaves 

have high yield of phenolic contents than stems and fruits (Alam, Roy et al. 2012). 

The plant also hold two key quercetin glycosides i.e. quercetin 3-O-(2
Gal

-α-

rhamnosyl)-β-glucosyl (1→6)-β-galactoside and quercetin 3-O-α-rhamnosyl (l→2)-β-

galactoside that evince powerful natural antioxidant effects (Atanu, Ebiloma et al. 

2011). These phytocompounds from natural origin act as free radicals scavengers 

(Brewer 2011), that make reduction in the production of melanin by protecting the 

skin from harmful outcomes of UV radiations and also trim down the activity of 

tyrosinase enzyme (Wang, Lin et al. 2006). 
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Figure 4. 23 Inhibition in the melanin level after the application of formulation F1 (WSEA) and base 

(B1), with the passage of time.  

 

 

Table 4. 23 ANOVA Two Way Analysis for skin melanin of volunteers after application  

of formulation (F1) containing extract of Withania Somnifera berries. 

Dependent Variable:Melanin Level after the application of formulation (F1) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 170982.314
a
 15 11398.821 2.787E3 .000 

Intercept 7596622.857 1 7596622.857 1.858E6 .000 

Time 1601.743 6 266.957 65.280 .000 

Volunteer 169380.571 9 18820.063 4.602E3 .000 

Error 220.829 54 4.089   

Total 7767826.000 70    

Corrected Total 171203.143 69    

a. R Squared = .999 (Adjusted R Squared = .998) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 24 ANOVA Two Way Analysis for skin melanin of volunteers after application  

of base (B1)  

Dependent Variable:Melanin Level after the application of base (B1) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 176628.586
a
 15 11775.239 294.919 .000 

Intercept 8088600.357 1 8088600.357 2.026E5 .000 

Time 1429.943 6 238.324 5.969 .000 

Volunteer 175198.643 9 19466.516 487.553 .000 

Error 2156.057 54 39.927   

Total 8267385.000 70    

Corrected Total 178784.643 69    

a. R Squared = .988 (Adjusted R Squared = .985) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 25 Paired sample„t‟ Test between formulation (F1) and base (B1) on skin 

melanin level. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Melanin Level after 

the application of 

formulation (F1) - 

Melanin Level after 

the application of 

base (B1) 

-

10.50

00 

13.0125 1.5553 
-

13.6027 
-7.3973 -6.751 69 .000 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Figure 4. 24 Inhibition in the melanin level after the application of formulation F2 (SNEA) and base 

(B2) with the passage of time.  

 

Table 4. 26  ANOVA Two Way Analysis for skin melanin of volunteers after application  

of formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:Melanin Level after the application of formulation (F2) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 237916.086
a
 15 15861.072 1.139E3 .000 

Intercept 8300040.229 1 8300040.229 5.963E5 .000 

Time 1079.171 6 179.862 12.921 .000 

Volunteer 236836.914 9 26315.213 1.890E3 .000 

Error 751.686 54 13.920   

Total 8538708.000 70    

Corrected Total 238667.771 69    

a. R Squared = .997 (Adjusted R Squared = .996) 

 p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 27  ANOVA Two Way Analysis for skin melanin of volunteers after application 

of base (B2).  

Dependent Variable:Melanin Level after the application of base (B2 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 281964.057
a
 15 18797.604 555.377 .000 

Intercept 8334510.229 1 8334510.229 2.462E5 .000 

Time 478.571 6 79.762 2.357 .043 

Volunteer 281485.486 9 31276.165 924.057 .000 

Error 1827.714 54 33.847   

Total 8618302.000 70    

Corrected Total 283791.771 69    

a. R Squared = .994 (Adjusted R Squared = .992) 

 p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 28 Paired sample „t‟ Test between formulation (F2) and base (B2) on skin 

melanin level. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Melanin Level after the 

application of 

formulation (F2) - 

Melanin Level after the 

application of base (B2) 

-.7143 32.2743 3.8575 -8.4098 6.9812 -.185 69 .854 

 p>0.05= No Significant Variance; p≤0.05= Significant 

  

Table 4. 29 Independent sample “t” test between formulations (F1) and (F2) for skin 

melanin 

 
t-test for Equality of Means 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence Interval 

of the Difference 

Lower Upper 

Melanin Level after 

the application of 

formulations 

-1.619 138 .108 -14.9143 9.2119 -33.1290 3.3005 

-1.619 134.36 .108 -14.9143 9.2119 -33.1334 3.3048 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Figure 4. 25  Inhibition in the erythema level after the application of formulation F1 (WSEA) and 

base (B1) with the passage of time.  

 

Table 4. 30  ANOVA Two Way Analysis for skin erythema of volunteers after 

application of formulation (F1) containing extract of Withania somnifera berries. 

Dependent Variable:Erythema Level after the application of formulation (F1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 103149.743
a
 15 6876.650 121.058 .000 

Intercept 1.541E7 1 1.541E7 2.713E5 .000 

Time 385.400 6 64.233 1.131 .357 

Volunteer 102764.343 9 11418.260 201.009 .000 

Error 3067.457 54 56.805   

Total 1.552E7 70    

Corrected Total 106217.200 69    

a. R Squared = .971 (Adjusted R Squared = .963) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 31  ANOVA Two Way Analysis for skin erythema of volunteers after 

application of base (B1). 

Dependent Variable:Erythema Level after the application of base (B1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 80909.529
a
 15 5393.969 108.431 .000 

Intercept 1.598E7 1 1.598E7 3.212E5 .000 

Time 172.886 6 28.814 .579 .745 

Volunteer 80736.643 9 8970.738 180.333 .000 

Error 2686.257 54 49.746   

Total 1.606E7 70    

Corrected Total 83595.786 69    

a. R Squared = .968 (Adjusted R Squared = .959) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 32 Paired sample „t‟ Test between formulation (F1) and base (B1) on skin 

erythema level of skin. 

 
Paired Differences 

t df 

Sig. 

(2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Erythema Level after 

the application of 

Formulation (F1) - 

Erythema Level after 

the application of 

Base (B1) 

-

1.0814

3E1 

15.52398 1.85547 

-

14.5158

5 

-7.11272 

-

5.82

8 

69 .000 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Figure 4. 26 Percentage change in the erythema level after the application of formulation (F2) and 

base (B2) with the passage of time  

 

Table 4. 33  ANOVA Two Way Analysis for skin erythema after application of 

formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:Erythema Level after the application of formulation (F2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 117324.600
a
 15 7821.640 468.896 .000 

Intercept 1.598E7 1 1.598E7 9.578E5 .000 

Time 1500.371 6 250.062 14.991 .000 

Volunteer 115824.229 9 12869.359 771.500 .000 

Error 900.771 54 16.681   

Total 1.609E7 70    

Corrected Total 118225.371 69    

a. R Squared = .992 (Adjusted R Squared = .990) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 34  ANOVA Two Way Analysis for skin erythema of volunteers after 

application of base (B2). 

Dependent Variable:Erythema Level after the application of base (B2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 107523.686
a
 15 7168.246 242.739 .000 

Intercept 1.598E7 1 1.598E7 5.411E5 .000 

Time 31.343 6 5.224 .177 .982 

Volunteer 107492.343 9 11943.594 404.447 .000 

Error 1594.657 54 29.531   

Total 1.609E7 70    

Corrected Total 109118.343 69    

a. R Squared = .985 (Adjusted R Squared = .981) 

 p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 35 Paired sample „t‟ Test between formulation (F2) and base (B2) on skin 

erythema level of skin. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Erythema Level after 

the application of 

Formulation (F2) - 

Erythema Level after 

the application of 

Base (B2) 

-.0286 29.6291 3.5414 -7.0934 7.0362 -.008 69 .994 

 p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 36 Independent sample “t” test between formulations (F1) and (F2) for skin 

erythema 

 
t-test for Equality of Means 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Erythema Level 

after the application 

of formulations 

-1.253 138 .212 -8.5429 6.8168 -22.0217 4.9360 

-1.253 137.60 .212 -8.5429 6.8168 -22.0220 4.9363 

p>0.05= No Significant Variance; p≤0.05= Significant 
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4.3.3. Skin Sebum Analysis  

An oily secretion from sebaceous glands is known as sebum. These glands are present 

on everywhere of body except palm and sole. Skin gives shiny and greasy look due to 

excessive secretion sebum from these glands and also prone to many dermatological 

disorders like hyperpigmentation and acne (Dobrev 2007).  The androgen gland secret 

an enzymes 1-α reductase that convert testosterone into dihydrotestosterone which 

result in enlargement of size of sebaceous gland and increase the production of 

sebum. Plant polyphenols downregulate the production of sebum from this gland 

specially oleic acid and linoleic acid that downregulate the activity of 1-α reductase 

and inhibit the secretion of sebum (Akhtar, Khan et al. 2010). 

 In our study it was found that both formulations (F1 and F2) inhibit the human skin 

sebum level Figure 4.27 and 4.28 respectively. However in case base (B1) and base 

(B2) sebum level increases due to presence of paraffin oil in base system. 

By applying two-way ANOVA at 5% level of significance it was found that 

formulations (F1 and F2) in case of sebum produce significant effect with respect to 

time Table 4.37 and 4.40 respectively. Base (B1), in case of sebum produced 

insignificant effect with respect to time Table 4.38 while base (B2) produced 

significant effect Table 4.41. With the help of paired sample t-test, a significant 

difference was observed between the sebum level of formulation (F1) and base (B1) 

Table 4.39. However formulation (F2) and base (B2) also show significant effect in 

case of sebum with the help of paired sample t-test Table 4.42. Oleic acid and linoleic 

acids are the important constituent in Solanum nigrum (Dhellot, Matouba et al. 2006) 

Withania somnifera (Chatterjee, Srivastava et al. 2010). Thus both formulations (F1 

and F2) containing the extract of Solanum nigrum and Withania somnifera inhibit that 

sebum secretion due to presence of oleic and linoleic acids.  
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Figure 4. 27 Percentage change in the sebum level after the application of formulation (F1) base (B1) 

with the passage of time 

 

Table 4. 37  ANOVA Two Way Analysis for skin sebum of volunteers after application 

of formulation (F1) containing extract of Withania somnifera berries. 

Dependent Variable:Sebum Level after the application of formulation (F1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 129120.657
a
 15 8608.044 2.165E3 .000 

Intercept 1233446.629 1 1233446.629 3.102E5 .000 

Time 673.571 6 112.262 28.234 .000 

Volunteer 128447.086 9 14271.898 3.589E3 .000 

Error 214.714 54 3.976   

Total 1362782.000 70    

Corrected Total 129335.371 69    

a. R Squared = .998 (Adjusted R Squared = .998) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 38  ANOVA Two Way Analysis for skin sebum of volunteers after application 

of base (B1). 

Dependent Variable:Sebum Level after the application of base (B1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 117137.586
a
 15 7809.172 727.957 .000 

Intercept 1376764.129 1 1376764.129 1.283E5 .000 

Time 19.571 6 3.262 .304 .932 

Volunteer 117118.014 9 13013.113 1.213E3 .000 

Error 579.286 54 10.728   

Total 1494481.000 70    

Corrected Total 117716.871 69    

a. R Squared = .995 (Adjusted R Squared = .994) 

 p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 39 Paired sample „t‟ Test between formulation (F1) and base (B1) on skin 

sebum level of skin. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Sebum Level after 

the application of 

Formulation (F1) - 

Sebum Level after 

the application of 

Base (B1) 

-

7.500

0 

8.3384 .9966 -9.4882 -5.5118 -7.525 69 .000 

 p>0.05= No Significant Variance; p≤0.05= Significant 
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Figure 4. 28 Percentage change in the sebum level after the application of formulation (F2) and base 

(B2) with the passage of time 

 

Table 4. 40  ANOVA Two Way Analysis for skin sebum of volunteers after application 

of formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:Sebum Level after the application of formulation (F2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 89725.086
a
 15 5981.672 622.542 .000 

Intercept 896544.057 1 896544.057 9.331E4 .000 

Time 235.143 6 39.190 4.079 .002 

Volunteer 89489.943 9 9943.327 1.035E3 .000 

Error 518.857 54 9.608   

Total 986788.000 70    

Corrected Total 90243.943 69    

a. R Squared = .994 (Adjusted R Squared = .993) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 41  ANOVA Two Way Analysis for skin sebum of volunteers after application 

of base (B2). 

Dependent Variable:Sebum Level after the application of base (B2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 103455.671
a
 15 6897.045 722.104 .000 

Intercept 1134879.557 1 1134879.557 1.188E5 .000 

Time 143.943 6 23.990 2.512 .032 

Volunteer 103311.729 9 11479.081 1.202E3 .000 

Error 515.771 54 9.551   

Total 1238851.000 70    

Corrected Total 103971.443 69    

a. R Squared = .995 (Adjusted R Squared = .994) 

 p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 42 Paired sample „t‟ Test between formulation (F2) and base (B2) on skin 

sebum level of skin. 

 Paired Differences 

t df 

Sig. 

(2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Sebum Level after 

the application of 

Formulation (F2) - 

Sebum Level after 

the application of 

Base (B2) 

-

14.157

1 

9.3633 1.1191 

-

16.389

7 

-11.9246 

-

12.65

0 

69 .000 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 43 Independent sample “t” test between formulations (F1) and (F2) for skin 

sebum 

 
t-test for Equality of Means 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Sebum Level after 

the application of 

formulations 

2.903 138 .004 19.5714 6.7425 6.2394 32.9034 

2.903 133.76 .004 19.5714 6.7425 6.2357 32.9072 

 p>0.05= No Significant Variance; p≤0.05= Significant 
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4.3.3.1 Calculation Of Magnitude Of Effectiveness Between Formulations (F1 

And F2) In Case Of Sebum 
 

As the Table 4.43 indicated that there was significant difference at p≤0.05, between 

two groups (1 and 2) were observed by applying independent sample ―t‖ test in case 

of sebum level after the application of formulations. Group statistics also shows that 

formulation (F2) was effective than formulation (F1). Therefore we calculated effect 

size.  Effect size is a simple and easy way to calculate or quantify the size of effect 

between two independent and dependent groups (Nakagawa and Cuthill 2007). Effect 

size was time introduce by Cohen‘s  (d) (1988), who report that  for a small effect (d 

= 0.2),for medium (d = 0.5), and for large (d = 0.8), using the formula for 

independent sample ―t‖ test (Lakens 2013) . 

Cohen‟s d = M1-M2/Spooled  

M1 = Mean of group 1 

M2 = Mean of group 2 

Spooled = Pooled stander deviation  

Spooled = √ [(S
2
1+S

2
2)/2 

Spooled = √ [(43.2946
2
+36.1647

2
)/2] 

Spooled = 39.88 

Now putting the values 

Cohen‘s d = 132.743-113.171/39.88 

Cohen‘s d = 19.572/39.88= 0.49 

0.49 implies a medium effect. 

 Now the effect size can be calculated (Ferguson 2009); 

Effect size= r = d/√d
2
+4 = -0.49/√-0.49

2
+4 = 0.238 =23.8% 

From the result this was concluded that formulation (F2) was 23.8% more effective 

than formulation (F1) in case of sebum. 
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4.3.4. Evaluation Of Skin Moisture Contents 

Barrier function as well as stratum corneum enzymatic activity affected by skin 

hydration level (Bouwstra, de Graaff et al. 2003). This level also protect the skin from 

cracking and fissures (HAUGEN 1997). Skin has an optimal water contents level 

however, any discrepancy in this level make the skin dry and cause infection like 

allergy and eczema (Sator, Schmidt et al. 2003). 

Paraffin oil has an essential role in skin mechanics and in most of emollient, it is a 

dynamic principal. It attract the water molecules from deeper layers of skin by 

osmosis and make the skin soften (Overgaard and Jemec 1993). In our study it was 

found that both formulations (F1 and F2) enhance the human skin hydration level 

Figure 4.29 and 4.30 respectively. However, the same results were observed in case 

of base (B1) and base (B2) due to presence of paraffin oil in base system. By 

applying two-way ANOVA at 5% level of significance it was found that formulations 

(F1 and F2) produce significant effect with respect to time Table 4.44 and 4.47 

respectively. Base (B1) and (B2) produced insignificant effect with respect to time 

Table 4.45 and Table 4.48 respectively. With the help of paired sample t-test, a 

significant difference was observed between the hydration level of formulation (F1) 

and base (B1) Table 4.46. However formulation (F2) and base (B2) also show 

significant difference with the help of paired sample t-test Table 4.49. Withania 

somnifera contain ascorbic acid, anthcynanin (Alam, Hossain et al. 2012), naringenin, 

catechin, kaempferol, gallic acid (Alam, Hossain et al. 2011) and caffeic acid (Sidhu, 

Annarao et al. 2011). Solanum nigrum also accommodate important antioxidant 

compounds like catechin, rutin gallic acid, epicatechin and caffeic acid (Lin, Tseng et 

al. 2008). These compounds exhibit pronounced antioxidant activity by scavenging 

oxygen reactive species (Brewer 2011), regulate the hydration level of skin by 

reducing the evaporation of water molecules form skin surface (Ahshawat and Saraf 

2008)  
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Figure 4. 29 Percentage change in the skin moisture level after the application of formulation (F1) and 

base (B1) with the passage of time 

 

Table 4. 44  ANOVA Two Way Analysis for skin moisture level of volunteers after 

application of formulation (F1) containing extract of Withania somnifera berries. 

Dependent Variable:Moisture Level after the application of formulation (F1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 12978.416
a
 15 865.228 1.653E3 .000 

Intercept 132483.601 1 132483.601 2.530E5 .000 

Time 46.742 6 7.790 14.879 .000 

Volunteer 12931.674 9 1436.853 2.744E3 .000 

Error 28.273 54 .524   

Total 145490.290 70    

Corrected Total 13006.689 69    

a. R Squared = .998 (Adjusted R Squared = .997) 

 p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 45  ANOVA Two Way Analysis for skin moisture level of volunteers after 

application of base (B1). 

Dependent Variable:Moisture Level after the application of base (B1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 14560.888
a
 15 970.726 148.809 .000 

Intercept 125208.004 1 125208.004 1.919E4 .000 

Time 4.981 6 .830 .127 .992 

Volunteer 14555.906 9 1617.323 247.930 .000 

Error 352.259 54 6.523   

Total 140121.150 70    

Corrected Total 14913.146 69    

a. R Squared = .976 (Adjusted R Squared = .970) 

p>0.05= No Significant Variance; p≤0.05= Significan 

 

Table 4. 46 Paired sample„t‟ Test between formulation (F1) and base (B1) on skin 

moisture level of skin. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Moisture Level after 

the application of 

Formulation (F1) - 

Moisture Level after 

the application of 

Base (B1) 

6.6186 4.5343 .5420 5.5374 7.6997 
12.21

2 
69 .000 

p>0.05= No Significant Variance; p≤0.05= Significant 

4.3.4.1 Calculation Of Cohen‟s d For Moisture Level After The Application Of 

Formulation (F1) And Base (B1) 

Paired sample between formulation (F1) and base (B1) show a significance positive 

correlation (r = 0.979, p = .000). Both base and formulation significantly enhance skin 

moisture level with respect to time as observed form paired sample ―t‖ test table 4.46. So in 

order to see the effectiveness of formulation against base Cohen‘s d for Paired samples was 

calculated as follows (Lakens 2013): 

Cohen‘s d = Mean difference / Std. Deviation 

Cohen‘s d = 6.6186/4.5343 = 1.459 
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A value of d = 1.49 represent a large effect size according to Cohen‘s. And we 

conclude that formulation (F1) was more effective in increasing skin moisture level i.e. 

59.08%, as compared to base (B1) for each volunteer.  

  

Figure 4. 30 Percentage change in the skin moisture level after the application of formulation (F2) and 

base (B2) with the passage of time 

 

Table 4. 47  ANOVA Two Way Analysis for skin moisture level after application of 

formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:Moisture Level after the application of formulation (F2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 4091.601
a
 15 272.773 556.164 .000 

Intercept 181794.704 1 181794.704 3.707E5 .000 

Time 30.147 6 5.024 10.245 .000 

Volunteer 4061.454 9 451.273 920.110 .000 

Error 26.485 54 .490   

Total 185912.790 70    

Corrected Total 4118.086 69    

a. R Squared = .994 (Adjusted R Squared = .992) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 48  ANOVA Two Way Analysis for skin moisture level of volunteers after 

application of base (B2). 

Dependent Variable:Moisture Level after the application of base (B2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 6081.015
a
 15 405.401 97.040 .000 

Intercept 190300.572 1 190300.572 4.555E4 .000 

Time 6.564 6 1.094 .262 .952 

Volunteer 6074.451 9 674.939 161.559 .000 

Error 225.593 54 4.178   

Total 196607.180 70    

Corrected Total 6306.608 69    

a. R Squared = .964 (Adjusted R Squared = .954) 

 p>0.05= No Significant Variance; p≤0.05= Significant 

 

 

Table 4. 49 Paired sample „t‟ Test between formulation (F2) and base (B2) on skin 

moisture level of skin. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Moisture Level after 

the application of 

Formulation (F2) - 

Moisture Level after 

the application of 

Base (B2) 

4.8929 2.9065 .3474 4.1998 5.5859 14.085 69 .000 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

4.3.4.2 Calculation Of Cohen‟s d For Moisture Level After The Application Of 

Formulation (F2) And Base (B2) 

Paired sample between formulation (F2) and base (B2) show a significance positive 

correlation (r = 0.927, p = .000). Both base and formulation significantly enhance skin 

moisture level with respect to time as observed form paired sample ―t‖ test table 4.49. So in 

order to see the effectiveness of formulation against base Cohen‘s d for Paired samples was 

calculated as follows: 

Cohen‘s d = Mean difference / Std. Deviation 

Cohen‘s d = 4.89/2.90 = 1.68 
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A value of d = 1.68 represent a huge effect size according to Cohen‘s. And we 

conclude that formulation (F2) was more effective in increasing skin moisture level i.e. 

86.13% as compared to base (B2) for each volunteer 

.  

Table 4. 50 Independent sample “t” test between formulations (F1) and (F2) for skin 

moisture 

 
t-test for Equality of Means 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Moisture Level after 

the application of 

formulations 

-3.960 138 .000 -7.4571 1.8830 -11.1803 -3.7340 

-3.960 108.71 .000 -7.4571 1.8830 -11.1892 -3.7251 

p>0.05= No Significant Variance; p≤0.05= Significant 

4.3.4.3. Calculation Of Magnitude Of Effectiveness Between Formulations (F1 

And F2) In Case Of Moisture 

As the Table 4.50 indicated that there was significant difference at p≤0.05,  between 

two groups (1 and 2) were observed by applying independent sample ―t‖ test in case 

of moisture level after the application of formulations. Group statistics also shows 

that formulation (F2) was effective than formulation (F1). Therefore we calculated 

effect size.  Effect size is a simple and easy way to calculate or quantify the size of 

effect between two groups. Effect size was first time introduce by Cohen‘s d using 

the formula for independent sample ―t‖ test 

Cohens‟d = M1-M2/Spooled 

 Where; 

M1 = Mean of group 1 

M2 = Mean of group 2 

Spooled = Pooled stander deviation  

And 

Spooled = √ [(S
2
1+S

2
2)/2 
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Spooled = √ [(13.730
2
+7.725

2
)/2] 

Spooled = 11.14 

Now putting the values 

Cohens‘d = 43.504-50.961/11.14 = -0.66 

-0.66 implies a medium effect. Now the effect size can be calculated as 

Effect size = d/√d
2
+4 = -0.66/√-0.66

2
+4 = 0.3235 =32.35% 

From the result this was concluded that formulation (F2) was 32.35% more effective 

than formulation (F1) in case of moisture. 
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4.3.5. Skin Mechanical Behavior After The Application Formulations And Bases 

Aging start as we grow old result in irregular dryness, elastosis, atrophy and 

pigmenting disorder. A large number of cosmeceutical have been developed that fight 

against aging, repair wrinkles and initiate collagen synthesis and give skin a healthy 

glowing look (Mukherjee, Maity et al. 2011). In our study it was found that both 

formulations (F1 and F2) enhance the human skin elasticity Figure 4.31 and 4.32 

respectively. However, the same results were observed in case of base (B1) and base 

(B2) due to presence of paraffin oil in base system that acts emollient  

By applying two-way ANOVA at 5% level of significance it was found that 

formulation (F1) produce significant effect with respect to time Table 4.51 and 

formulation (F2) insignificant effect Table 4.54. Base (B1), produced insignificant 

effect Table 4.52 while base (B2) produced insignificant affect Table 4.55 with 

respect to time.  

With the help of paired sample t-test, a significant difference was observed between 

the skin elasticity of formulation (F1) and base (B1) Table 4.53. However formulation 

(F2) and base (B2) also show significant effect with the help of paired sample t-test 

Table 4.56. The essential oils like p-cymene and α-trepineol, ascorbic acid (Sikarwar, 

Wanjari et al. 2013), flavonoids (Sanjukta and Ghosh 2012), carotenoids, phenols 

(Pande and Pathak 2007) gallic and caffeic acid (Laghari, Memon et al. 2011). These 

compounds exhibit pronounced antioxidant activity by scavenging oxygen reactive 

species (Brewer 2011), regulate the hydration level of skin by reducing the 

evaporation of water molecules form skin surface (Ahshawat and Saraf 2008). They 

are also photoprotective in action that protect the skin from photoaging (Mukherjee, 

Maity et al. 2011),which is characterized by manifestations of wrinkle, freckle, 

hyperpigmentation, dryness and failure of skin elasticity (Binic, Lazarevic et al. 

2013).   
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Figure 4. 31 Percentage change in the skin elasticity after the application of formulation (F1) and base 

(B1) with the passage of time 

 

Table 4. 51 ANOVA Two Way Analysis for skin elasticity of volunteers after application  

of formulation (F1) containing extract of Withania somnifera berries 

Dependent Variable:Elasticity Level after the application of formulation (F1) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 4648.857
a
 15 309.924 407.341 .000 

Intercept 235712.057 1 235712.057 3.098E5 .000 

Time 498.343 6 83.057 109.164 .000 

Volunteer 4150.514 9 461.168 606.125 .000 

Error 41.086 54 .761   

Total 240402.000 70    

Corrected Total 4689.943 69    

a. R Squared = .991 (Adjusted R Squared = .989) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 52  ANOVA Two Way Analysis for skin elasticity of volunteers after 

application of base (B1). 

Dependent Variable:Elasticity Level after the application of base (B1) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 3484.629
a
 15 232.309 75.311 .000 

Intercept 
225836.800 1 225836.800 

7.321E

4 
.000 

Time 40.000 6 6.667 2.161 .061 

Volunteer 3444.629 9 382.737 124.078 .000 

Error 166.571 54 3.085   

Total 229488.000 70    

Corrected Total 3651.200 69    

a. R Squared = .954 (Adjusted R Squared = .942) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 53 Paired sample „t‟ Test between formulation (F1) and base (B1) on skin 

elasticity level of skin. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Elasticity  after the 

application of 

Formulation (F1) - 

Elasticity after the 

application of Base 

(B1) 

6.7000 6.6602 .7960 5.1119 8.2881 8.417 69 .000 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

4.3.5.1 Calculation Of Cohen‟s d For Elasticity Level After The Application Of 

Formulation (F1) And Base (B1) 

Paired sample between formulation (F2) and base (B2) show a significance positive 

correlation (r = 0.696, p = .000). Both base and formulation significantly enhance skin 

elasticity level with respect to time as observed form paired sample ―t‖ test table 4.53. So in 

order to see the effectiveness of formulation against base Cohen‘s d for Paired samples was 

calculated as follows: 

Cohen‘s d = Mean difference / Std. Deviation 

Cohen‘s d = 6.7/6.66 = 1 
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A value of d = 1 represent a large effect size according to Cohen‘s. And we conclude 

that formulation (F1) was more effective in increasing the elasticity of skin level i.e. 71.17%, 

as compared to base (B1) for each volunteer.  

 

 

 
Figure 4. 32 Percentage change in the skin elasticity after the application of formulation (F2) and base 

(B2) with the passage of time 

 

Table 4. 54  ANOVA Two Way Analysis for skin elasticity after application of 

formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:Elasticity Level after the application of formulation (F2) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 5636.957
a
 15 375.797 52.452 .000 

Intercept 355573.157 1 355573.157 4.963E4 .000 

Time 88.543 6 14.757 2.060 .073 

Volunteer 5548.414 9 616.490 86.047 .000 

Error 386.886 54 7.165   

Total 361597.000 70    

Corrected Total 6023.843 69    

a. R Squared = .936 (Adjusted R Squared = .918) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 55  ANOVA Two Way Analysis for skin elasticity of volunteers after 

application of base (B2). 

Dependent Variable:Elasticity Level after the application of base (B2) 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model 4949.900
a
 15 329.993 49.515 .000 

Intercept 350743.214 1 350743.214 5.263E4 .000 

Time 6.686 6 1.114 .167 .984 

Volunteer 4943.214 9 549.246 82.413 .000 

Error 359.886 54 6.665   

Total 356053.000 70    

Corrected Total 5309.786 69    

a. R Squared = .932 (Adjusted R Squared = .913) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 56 Paired sample „t‟ Test between formulation (F2) and base (B2) on skin 

elasticity level of skin. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Elasticity  after the 

application of 

Formulation (F2) - 

Elasticity after the 

application of Base (B2) 

7.214

3 
6.7414 .8057 5.6069 8.8217 8.9 69 .000 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

4.3.5.2 Calculation Of Cohen‟s d For Elasticity Level After The Application Of 

Formulation (F2) And Base (B2) 

Paired sample between formulation (F2) and base (B2) show a significance positive 

correlation (r = 0.706, p = .000). Both base and formulation significantly enhance skin 

elasticity level with respect to time as observed form paired sample ―t‖ test table 4.59. So in 

order to see the effectiveness of formulation against base Cohen‘s d for Paired samples was 

calculated as follows: 

Cohen‘s d = Mean difference / Std. Deviation 

Cohen‘s d = 7.21/6.7414 = 1.06 
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A value of d = 1.06 represent a large effect size according to Cohen‘s. And we 

conclude that formulation (F2) was more effective in increasing the elasticity of skin level 

i.e. 73.10%, as compared to base (B2) for each volunteer.  

 

Table 4. 57 Independent sample “t” test between formulations (F1) and (F2) for skin 

elasticity 

 
t-test for Equality of Means 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Elasticity Level 

after the application 

of formulations 

-8.892 138 .000 -13.2429 1.4894 -16.1878 -10.2980 

-8.892 135.84 .000 -13.2429 1.4894 -16.1882 -10.2975 

p>0.05= No Significant Variance; p≤0.05= Significant 

4.3.4.3. Calculation Of Magnitude Of Effectiveness Between Formulations (F1 

And F2) In Case Of Elasticity 

As the Table 4.57 indicated that there was significant difference at p≤0.05,  between 

two groups (1 and 2) were observed by applying independent sample ―t‖ test in case 

of elasticity level after the application of formulations. Group statistics also shows 

that formulation (F2) was effective than formulation (F1). Therefore we calculated 

effect size.  Effect size is a simple and easy way to calculate or quantify the size of 

effect between two groups. Effect size was first time introduce by Cohen‘s d using 

the formula for independent sample ―t‖ test 

Cohens‟d = M1-M2/Spooled 

 Where; 

M1 = Mean of group 1 

M2 = Mean of group 2 

Spooled = Pooled stander deviation  

And 

Spooled = √ [(S
2
1+S

2
2)/2 

Spooled = √ [(8.24
2
+9.34

2
)/2] 
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Spooled = 8.80 

Now putting the values 

Cohens‘d = 58.092-71.271/8.80= -1.49 

-1.49 implies a large effect. Now the effect size can be calculated as; 

Effect size = d/√d
2
+4 = -1.49/√-1.49

2
+4 = 0.5992 =59.92% 

From the result this was concluded that formulation (F2) was 59.92% more effective 

than formulation (F1) in case of elasticity. 
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4.3.6. Skin Pore Analysis Of Formulations (F1 And F2) Containing Withania 

Somnifera And Solanum Nigrum Berries Extract And Base (B1 And B2) 

Skin pores are the flexible and visible topographic features present near hair shaft and 

sebaceous gland secretions. Number and size of skin pores show positive correlation 

with sebum secretion from sebaceous glands and with decrease in skin elasticity 

(Kim, Choi et al. 2013). There are various factors that involved in the development 

and enlargement of facial pores. These factors include; genetic predisposition, 

ethnicity, gender, age, seborrhea, acne, comedogenic xenobiotics, and sun exposure 

(Uhoda, Piérard-Franchimont et al. 2005). Among all these factors, we analyzed the 

influence of skin elasticity and sebum on the severity of facial pores. Aging get starts 

as we born. There are two types of aging; chronologic skin aging and photoaging. 

Chronologic aging occur with the passage of time as we grow old, while many 

environmental factors are responsible for photoaging, in which the most important 

one is, when skin exposed to ultra violet radiations. The main sign of photoaging are 

wrinkles, freckles, hyperpigmentation, dryness of skin and loss of skin elasticity 

(Binic, Lazarevic et al. 2013).  Facial pores count and size increase as we grow old 

with decrease in skin elasticity and increase sebum secretions. 

In our study it was found that both formulations (F1) and (F2) decrease number and 

size of both large and fine skin pores Figure 4.35 and Figure 4.39. This was because 

formulations enhance the human skin elasticity Figure 4.31 and 4.32, and inhibit the 

sebum secretion form sebaceous glands Figure 4.27 and 4.28. The skin fine pores 

show significant negative correlation with skin sebum (r =- 0.511, p = 0.001) for 

formulation (F1) Table 4.79 and insignificant correlation for formulation (F2) Table 

4.80. Skin elasticity in case formulation (F2) was show significantly negative 

correlation with facial fine (r =- 0.371, p = 0.018) and large pores (r =- 0.385, p = 

0.014) Table 4.80 and insignificant correlation with facial pores in case of 

formulation (F2). R7 parameter of Cutometer® was negative correlated with facial 

large pores (r =- 0.337, p = 0.033) in case of formulation (F1) Table 4.79 and with 

facial fine pores (r =- 0.316, p = 0.047) by the application of formulation (F2) Table 

4.80. Kim, et al (Kim, Choi et al. 2013)  also reported that R7 skin parameter show 

negative correlation with facial pore. R9 parameter of Cutometer® was significant 
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positive correlated with facial large pores (r = 0.54, p = 0.000) in case of formulation 

(F1) Table 4.79 and significantly positive correlated with facial fine (r = 0.442, p = 

0.004) and large (r = 0.363, p = 0.021) pores for formulation (F2). By applying two-

way ANOVA at 5% level of significance it was found that facial fine and large pores 

by the application of formulation (F1) Table 4.58 and 4.59 respectively and (F2) 

Table 4.63 and Table 4.64 produce significant effect with respect to time.   
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Figure 4. 33 Represent the number of skin pores before and after the application of formulation (F1) at 

the right cheek of volunteers. 

Images were taken using the Skin VisioFace®, showing the distribution of the fine and large pores in 

representative participants in our study. Pore size analysis before (0 days) and after (90 days) 

application of formulation. 1-10 represent number of volunteers.  Green spots represent the number of 

fine or small pores. And red spot represent the number of large pores
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Figure 4. 34 Represent the number of skin pores before and after the application of base (B1) at the left 

cheek of volunteers..  

Images were taken using the Skin VisioFace®, showing the distribution of the fine and large pores in 

representative participants in our study. Pore size analysis before (0 days) and after (90 days) 

application of base. 1-10 represent number of volunteers.  Green spots represent the number of fine or 

small pores. And red spot represent the number of large pores 
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Figure 4. 35 Represent the percentage change in fine and large facial pores after the application of 

formulation (F1) with time interval of 1
st
, 4

th
, 8

th
 and 12

th
 week. 

 

 

 
 

 
Figure 4. 36  Represent the percentage change in fine and large facial pores after the application of 

base  (B1) with time interval of 1
st
, 4

th
, 8

th
 and 12

th
 week. 
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Table 4. 58 ANOVA Two Way Analysis for facial fine pores  after application of 

formulation (F1) containing extract of Withania somnifera. 

Dependent Variable:Skin fine pore analysis after the application of formulation (F1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 10632.400
a
 12 886.033 5.379 .000 

Intercept 62331.025 1 62331.025 378.394 .000 

Time 2552.675 3 850.892 5.166 .006 

Volunteer 8079.725 9 897.747 5.450 .000 

Error 4447.575 27 164.725   

Total 77411.000 40    

Corrected Total 15079.975 39    

a. R Squared = .705 (Adjusted R Squared = .574) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 59 ANOVA Two Way Analysis for facial large pores after application of 

formulation (F1) containing extract of Withania somnifera. 

Dependent Variable:Skin large pore analysis after the application of formulation (F1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 1344.300
a
 12 112.025 3.142 .007 

Intercept 6400.900 1 6400.900 179.502 .000 

Time 313.700 3 104.567 2.932 .050 

Volunteer 1030.600 9 114.511 3.211 .009 

Error 962.800 27 35.659   

Total 8708.000 40    

Corrected Total 2307.100 39    

a. R Squared = .583 (Adjusted R Squared = .397) 

p>0.05= No Significant Variance; p≤0.05= Significant 

  
Table 4. 60 ANOVA Two Way Analysis for facial fine pores after application of base 

(B1) 

Dependent Variable:Skin fine pore analysis after the application of base (B1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 9001.500
a
 12 750.125 2.271 .037 

Intercept 75690.000 1 75690.000 229.196 .000 

Time 47.000 3 15.667 .047 .986 

Volunteer 8954.500 9 994.944 3.013 .013 

Error 8916.500 27 330.241   

Total 93608.000 40    

Corrected Total 17918.000 39    

a. R Squared = .502 (Adjusted R Squared = .281) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 61 ANOVA Two Way Analysis for facial large pores after application of base 

(B1) 

Dependent Variable:Skin large pore analysis after the application of base (B1) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 5394.900
a
 12 449.575 6.212 .000 

Intercept 11356.900 1 11356.900 156.911 .000 

Time 141.300 3 47.100 .651 .589 

Volunteer 5253.600 9 583.733 8.065 .000 

Error 1954.200 27 72.378   

Total 18706.000 40    

Corrected Total 7349.100 39    

a. R Squared = .734 (Adjusted R Squared = .616) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 62 Paired sample „t‟ Test between formulation (F1) and base (B1) on skin for 

fine and large pores analysis. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Skin fine pore analysis 

after the application of 

formulation (F1) - Skin 

fine pore analysis after 

the application of base 

(B1) 

-4.02 19.08 3.01 -10.12 2.07 -1.33 39 .190 

Skin large pore analysis 

after the application of 

formulation (F1) - Skin 

large pore analysis after 

the application of base 

(B1 

-4.20 11.67 1.84 -7.93 -.46 -2.27 39 .029 

p>0.05= No Significant Variance; p≤0.05= Significant 
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4.3.6.1 Calculation Of Cohen‟s d For Large Pores After The Application Of 

Formulation (F1) And Base (B1) 

Paired sample between formulation (F1) and base (B1) show a significance positive 

correlation (r = 0.526, p = .000) for large pore count. This was observed that both base and 

formulation first increase and then decreases large pores counts throughout the study period 

of 12 weeks Figure 4.35 and 4.36. Paired sample ―t‖ test show significant difference between 

formulation and base with respect to time at p≤0.05 level significance Table 4.62. So in order 

to see the effectiveness of formulation against base Cohen‘s d for Paired samples was 

calculated as follows: 

Cohen‘s d = Mean difference / Std. Deviation 

Cohen‘s d = -4.20/11.67 = -0.35 

-0.35 implies very small effect i.e. 32.6% of formulation against base in case of decrease in 

large pores count. 
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Figure 4. 37  Represent the number of skin pores before and after the application of formulation (F2) at 

the right cheek of volunteers. 

Images were taken using the Skin VisioFace®, showing the distribution of the fine and large pores in 

representative participants in our study. Pore size analysis before (0 days) and after (90 days) 

application of formulation. 1-10 represent number of volunteers.  Green spots represent the number of 

fine or small pores. And red spot represent the number of large pores 
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Figure 4. 38 Represent the number of skin pores before and after the application of base (B2) at the left 

cheek of volunteers.  

Images were taken using the Skin VisioFace®, showing the distribution of the fine and large pores in 

representative participants in our study. Pore size analysis before (0 days) and after (90 days) 

application of base. 1-10 represent number of volunteers.  Green spots represent the number of fine or 

small pores. And red spot represent the number of large pores 
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Figure 4. 39 Represent the percentage change in fine and large facial pores after the application of 

formulation (F2) with time interval of 1
st
, 4

th
, 8

th
 and 12

th
 week. 

 

 

 

Figure 4. 40 Represent the percentage change in fine and large facial pores after the application of base 

(B2) with time interval of 1
st
, 4

th
, 8

th
 and 12

th
 week. 

. 
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. 

Table 4. 63 ANOVA Two Way Analysis for facial fine pores  after application of 

formulation (F2) containing extract of Solanum nigrum berries 

Dependent Variable:Skin fine pore analysis after the application of formulation (F2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 55188.000
a
 12 4599.000 39.401 .000 

Intercept 165122.500 1 165122.500 1.415E3 .000 

Time 4099.500 3 1366.500 11.707 .000 

Volunteer 51088.500 9 5676.500 48.633 .000 

Error 3151.500 27 116.722   

Total 223462.000 40    

Corrected Total 58339.500 39    

a. R Squared = .946 (Adjusted R Squared = .922) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 64 ANOVA Two Way Analysis for facial large pores  after application of 

formulation (F2) containing extract of Solanum nigrum berries 

Dependent Variable:Skin large pore analysis after the application of formulation (F2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 10846.700
a
 12 903.892 15.688 .000 

Intercept 21390.625 1 21390.625 371.252 .000 

Time 513.075 3 171.025 2.968 .050 

Volunteer 10333.625 9 1148.181 19.928 .000 

Error 1555.675 27 57.618   

Total 33793.000 40    

Corrected Total 12402.375 39    

a. R Squared = .875 (Adjusted R Squared = .819) 

p>0.05= No Significant Variance; p≤0.05= Significant 

Table 4. 65 ANOVA Two Way Analysis for facial fine pores after application of base 

(B2) 

Dependent Variable:Skin fine pore analysis after the application of base (B2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 33427.900
a
 12 2785.658 9.625 .000 

Intercept 179560.000 1 179560.000 620.432 .000 

Time 985.400 3 328.467 1.135 .353 

Volunteer 32442.500 9 3604.722 12.455 .000 

Error 7814.100 27 289.411   

Total 220802.000 40    

Corrected Total 41242.000 39    

a. R Squared = .811 (Adjusted R Squared = .726) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 66 ANOVA Two Way Analysis for facial large pores after application of base 

(B2) 

Dependent Variable:Skin large pore analysis after the application of base (B2) 

Source Type III Sum of Squares Df Mean Square F Sig. 

Corrected Model 9299.100
a
 12 774.925 19.513 .000 

Intercept 20475.625 1 20475.625 515.578 .000 

Time 214.475 3 71.492 1.800 .171 

Volunteer 9084.625 9 1009.403 25.417 .000 

Error 1072.275 27 39.714   

Total 30847.000 40    

Corrected Total 10371.375 39    

a. R Squared = .897 (Adjusted R Squared = .851) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 67 Paired sample „t‟ Test between formulation (F2) and base (B2) on skin for 

fine and large pores analysis. 

 Paired Differences 

t df 

Sig. (2-

tailed) Mean 

Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Skin fine pore analysis 

after the application of 

formulation (F2) - Skin 

fine pore analysis after 

the application of base 

(B2) 

-

2.750

0 

40.9539 6.4754 -15.8477 
10.347

7 
-.425 39 .673 

Skin large pore analysis 

after the application of 

formulation (F2) - Skin 

large pore analysis after 

the application of base 

(B2) 

.5000 21.1914 3.3507 -6.2773 7.2773 .149 39 .882 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 68 Independent sample “t” test between formulations (F1) and (F2) for skin 

fine and large pores 

 
t-test for Equality of Means 

t df 

Sig. (2-

tailed) 

Mean 

Difference 

Std. Error 

Difference 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Skin fine pore 

analysis after the 

application of 

formulations 

-3.611 78 .001 -24.7750 6.8603 -38.4328 -11.1172 

-3.611 57.899 .001 -24.7750 6.8603 -38.5079 -11.0421 

Skin large pore 

analysis after the 

application of 

formulations 

-3.411 78 .001 -10.4750 3.0707 -16.5883 -4.3617 

-3.411 53.024 .001 -10.4750 3.0707 -16.6340 -4.3160 

p>0.05= No Significant Variance; p≤0.05= Significant 

4.3.6.2 Calculation Of Magnitude Of Effectiveness Between Formulations (F1 

And F2) In Case Of Skin Fine And Large Pores 

As the Table 4.68 indicated that there was significant difference at p≤0.05, between 

two groups (1 and 2) were observed by applying independent sample ―t‖ test in case 

of fine and large pores after the application of formulations. Group statistics also 

shows that formulation (F1) was effective than formulation (F2). Therefore we 

calculated effect size. Effect size was first time introduce by Cohen‘s d using the 

formula for independent sample ―t‖ test 

Effect size for fine pores 

Cohens‟d = M1-M2/Spooled 

 Where; 

M1 = Mean of group 1 

M2 = Mean of group 2 

Spooled = Pooled stander deviation  

And 

Spooled = √ [(S
2
1+S

2
2)/2 

Spooled = √ [(19.66
2
+38.67

2
)/2] 
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Spooled = 30.67 

Now putting the values 

Cohens‘d = 39.47-64.25/30.67= -0.80 

-0.80 implies medium effect. Now the effect size can be calculated as; 

Effect size = d/√d
2
+4 = -0.80/√-0.80

2
+4 = 0.3713 =37.13% 

From the result this was concluded that formulation (F1) was 37.13% more effective 

than formulation (F2) in reducing the 

 fine pores. 

Effect size for large pores 

Cohens‟d = M1-M2/Spooled 

 Where; 

M1 = Mean of group 1 

M2 = Mean of group 2 

Spooled = Pooled stander deviation  

And 

Spooled = √ [(S
2
1+S

2
2)/2 

Spooled = √ [(7.69
2
+17.83

2
)/2] 

Spooled = 13.73 

Now putting the values 

Cohens‘d = 12.65-23.125/13.73= -0.76 

-0.76 implies medium effect. Now the effect size can be calculated as; 

Effect size = d/√d
2
+4 = -0.76/√-0.76

2
+4 = 0.3565=35.65% 

From the result this was concluded that formulation (F1) was 35.65% more effective 

than formulation (F2) in reducing the large pores. 
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4.3.7 Cutometer® Dual MPA 580 For The Measurement Of R Parameter Of 

Skin After The Application Formulation (F1) And (F2). 

Skin Elasticity was evaluated by a non-invasive suction skin Cutometer® MPA 580 

(Courage + Khazaka, Germany). The measurement setting was a time/strain mode for 

18 s, followed by a relaxation period of two seconds, measuring probe of 2 mm was 

used which applied a constant suction pressure of 350 mbar. The values for the 

Cutometer® elasticity parameters (R0–R9) were obtained from the skin deformation 

curves, as previously described (Kim, Choi et al. 2013).  

R0 

R represent the firmness of the skin and maximum amplitude of curve i.e. Uf . This 

was observed that firmness of skin increase by the application of formulation (F1) 

and (F2) Figure 4.41 and 4.42 respectively. By applying two-way ANOVA at 5% 

level of significance it was found that R0 by the application of formulation (F1) and 

(F2) produce insignificant effect with respect to time Table 4.69 and 4.70. Firmness 

of the skin (R0) was showed insignificant correlation with sebum and facial pores 

(fine and large). And show significant negative correlation with elasticity of skin (r =- 

0.468, p = 0.002) in case of formulation (F1) Table 4.79 and significant positive 

correlation elasticity of skin (r = 0.596, p = 0.000) in case of formulation (F2) Table 

4.80.   

Table 4. 69 ANOVA Two Way Analysis for facial R0 factor of Cutometer® after 

application of formulation (F1) containing extract of Withania somnifera. 

Dependent Variable:R0F1 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .042
a
 12 .004 51.155 .000 

Intercept .853 1 .853 1.239E4 .000 

Time .000 3 .000 1.762 .178 

Volunteer .042 9 .005 67.620 .000 

Error .002 27 6.889E-5   

Total .897 40    

Corrected Total .044 39    

a. R Squared = .958 (Adjusted R Squared = .939) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Table 4. 70 ANOVA  for facial R0 factor of Cutometer® after application of 

formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:R0F2 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .106
a
 12 .009 51.798 .000 

Intercept .811 1 .811 4.743E3 .000 

Time .001 3 .000 2.636 .070 

Volunteer .105 9 .012 68.186 .000 

Error .005 27 .000   

Total .921 40    

Corrected Total .111 39    

a. R Squared = .958 (Adjusted R Squared = .940) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

R2 

R2 (Ua/Uf) is the measuring the gross elasticity of the skin. The skin was considered 

to be more elastic if the value of R2 was 1 or 100%. The percentage change in R2 

value by the application of formulation (F1) and (F2) was shown in Figure 4.41 and 

4.42 respectively and it was observed that gross elasticity increase with respect to 

time. By applying two-way ANOVA at 5% level of significance it was found that R2 

by the application of formulation (F1)  produce significant effect with respect to time 

Table 4.71  and produce insignificant effect with respect to time Table 4.72 after 

application of formulation (F2).Gross elasticity (R2) was showed insignificant 

correlation with elasticity and facial pores (fine and large). And show significant 

positive correlation with sebum of skin (r = 0.488, p = 0.001) in case of formulation 

(F1) Table 4.79. R2 was significant positively correlated with elasticity of skin (r = 

0.467, p = 0.002) in case of formulation (F2) and significant negatively correlated 

with facial fine pores (r =-0.324, p = 0.042) in case of formulation (F2) Table 4.80.  
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Table 4. 71  ANOVA Two Way Analysis for facial R2 factor of Cutometer® after 

application of formulation (F1) containing extract of Withania somnifera. 

Dependent Variable:R2F1 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .194
a
 12 .016 79.325 .000 

Intercept 26.027 1 26.027 1.275E5 .000 

Time .021 3 .007 33.918 .000 

Volunteer .173 9 .019 94.461 .000 

Error .006 27 .000   

Total 26.226 40    

Corrected Total .200 39    

a. R Squared = .972 (Adjusted R Squared = .960) 

p>0.05= No Significant Variance; p≤0.05= Significant 

Table 4. 72 ANOV for facial R2 factor of Cutometer® after application of formulation 

(F2) containing extract of Solanum nigrum berries. 

Dependent Variable:R2F2 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .385
a
 12 .032 9.931 .000 

Intercept 26.984 1 26.984 8.350E3 .000 

Time .002 3 .001 .187 .904 

Volunteer .383 9 .043 13.179 .000 

Error .087 27 .003   

Total 27.457 40    

Corrected Total .472 39    

a. R Squared = .815 (Adjusted R Squared = .733) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

R5 

R5 is the net elasticity of the skin. The percentage change in R5 was shown in Figure 

4.41 and 4.42 respectively and it was observed that net elasticity increase with respect 

to time. By applying two-way ANOVA at 5% level of significance it was found that 

R5 by the application of formulation (F1) produce significant effect with respect to 

time Table 4.73 and produce insignificant effect with respect to time Table 4.74 after 

application of formulation (F2). Net elasticity (R5) was showed insignificant 

correlation with facial pores (fine and large). And show significant negative 

correlation with sebum (r = -0.415, p = 0.008) and elasticity of skin (r = -0.315, p = 

0.012) in case of formulation (F1) Table 4.79. R5 was significantly positive 
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correlated with elasticity (r = 0.456, p = 0.003) and sebum of skin (r = 0.313, p = 

0.049) in case of formulation (F2) Table 4.80.   

Table 4. 73 ANOVA Two Way Analysis for facial R5 factor of Cutometer® after 

application of formulation (F1) containing extract of Withania somnifera. 

 

p>0.05= No Significant Variance; p≤0.05= Significant 

Table 4. 74 ANOVA  for facial R5 factor of Cutometer® after application of 

formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:R5F2 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .097
a
 12 .008 554.314 .000 

Intercept .948 1 .948 6.480E4 .000 

Time 4.650E-5 3 1.550E-5 1.059 .383 

Volunteer .097 9 .011 738.732 .000 

Error .000 27 1.463E-5   

Total 1.046 40    

Corrected Total .098 39    

a. R Squared = .996 (Adjusted R Squared = .994) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

R7 

Portion of the elasticity compared to the complete curve; if the value of R7 is higher 

than skin consider being more elastic. The percentage change in R7 value was shown 

in Figure 4.41 and 4.42 respectively and it was observed that elasticity increase with 

respect to time. By applying two-way ANOVA at 5% level of significance it was 

found that R7 by the application of formulation (F1) produce insignificant effect with 

respect to time Table 4.75 and produce significant effect with respect to time Table 

4.76 after application of formulation (F2). R7 was showed insignificant correlation 

Dependent Variable:R5F1 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .007
a
 12 .001 125.379 .000 

Intercept .084 1 .084 1.925E4 .000 

Time 4.235E-5 3 1.412E-5 3.241 .038 

Volunteer .007 9 .001 166.092 .000 

Error .000 27 4.356E-6   

Total .091 40    

Corrected Total .007 39    

a. R Squared = .982 (Adjusted R Squared = .975) 
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with skin sebum and facial fine pores. And show significant negative correlation with 

facial large pores (r = -0.337, p = 0.033) and show significant positive correlation 

with elasticity of skin (r = 0.667, p = 0.000) in case of formulation (F1) Table 4.79. 

R7 was significantly positive correlated with elasticity (r = 0.325, p = 0.041) and 

significantly negative correlated with facial fine pores (r = -0.316, p = 0.047) in case 

of formulation (F2) Table 4.80 

Table 4. 75 ANOVA Two Way Analysis for facial R7 factor of Cutometer® after 

application of formulation (F1) containing extract of Withania somnifera. 

Dependent Variable:R7F1 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .802
a
 12 .067 22.791 .000 

Intercept 13.186 1 13.186 4.494E3 .000 

Time .015 3 .005 1.760 .179 

Volunteer .787 9 .087 29.801 .000 

Error .079 27 .003   

Total 14.068 40    

Corrected Total .882 39    

a. R Squared = .910 (Adjusted R Squared = .870) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 76 ANOVA for facial R7 factor of Cutometer® after application of formulation 

(F2) containing extract of Solanum nigrum berries. 

Dependent Variable:R7F2 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .775
a
 12 .065 1.343E3 .000 

Intercept 12.879 1 12.879 2.677E5 .000 

Time .004 3 .001 27.067 .000 

Volunteer .772 9 .086 1.782E3 .000 

Error .001 27 4.811E-5   

Total 13.656 40    

Corrected Total .777 39    

a. R Squared = .998 (Adjusted R Squared = .998) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

R9 

R9 represents skin fatiguing effects after repeated suction and release of the skin by 

prob. The higher R 9, the higher the skin fatigue which show, uneven skin tone, rough 

texture and visible pores. The percentage change in R9 value was shown in Figure 
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4.41 and 4.42 respectively and it was observed that R9 decrease with respect to time. 

By applying two-way ANOVA at 5% level of significance it was found that R9 by 

the application of formulation (F1) produce significant effect with respect to time 

Table 4.77 and produce insignificant effect with respect to time Table 4.78 after 

application of formulation (F2). R9 was showed insignificant correlation with skin 

sebum and facial fine pores. And show significant positive correlation with facial 

large pores (r = 0.54, p = 0.033) and show significant negative correlation with 

elasticity of skin (r = -0.3, p = 0.05) in case of formulation (F1) Table 4.79. R9 was 

significantly positive correlated with facial fine (r = 0.442, p = 0.004) and large pores 

(r = -0.363, p = 0.021) in case of formulation (F2) Table 4.80 

Table 4. 77 ANOVA Two Way Analysis for facial R9 factor of Cutometer® after 

application of formulation (F1) containing extract of Withania somnifera. 

Dependent Variable:R9F1 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .000
a
 12 1.680E-5 43.343 .000 

Intercept .013 1 .013 3.404E4 .000 

Time 5.096E-6 3 1.699E-6 4.383 .012 

Volunteer .000 9 2.183E-5 56.329 .000 

Error 1.046E-5 27 3.876E-7   

Total .013 40    

Corrected Total .000 39    

a. R Squared = .951 (Adjusted R Squared = .929) 

p>0.05= No Significant Variance; p≤0.05= Significant 

 

Table 4. 78 ANOVA  for facial R9 factor of Cutometer® after application of 

formulation (F2) containing extract of Solanum nigrum berries. 

Dependent Variable:R9F2 

Source Type III Sum of Squares df Mean Square F Sig. 

Corrected Model .003
a
 12 .000 44.906 .000 

Intercept .016 1 .016 3.296E3 .000 

Time 2.799E-5 3 9.331E-6 1.896 .154 

Volunteer .003 9 .000 59.243 .000 

Error .000 27 4.922E-6   

Total .019 40    

Corrected Total .003 39    

a. R Squared = .952 (Adjusted R Squared = .931) 

p>0.05= No Significant Variance; p≤0.05= Significant 
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Figure 4. 41 Represent the change in the R parameter of skin with regular interval of time after the 

application of formulation (F1) with time interval of 1
st
, 4

th
, 8

th
 and 12

th
 week 

 

 

Figure 4. 42 Represent the change in the R parameter of skin with regular interval of time after the 

application of formulation (F2) with time interval of 1
st
, 4

th
, 8

th
 and 12

th
 weeks  
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Table 4. 79 The correlation coefficient found between the facial pores (fine and large), 

sebum and the elasticity parameters (R0–R9) measured with the Cutometer® and 

Elastometer®  of formulation (F1) containing extract of Withania somnifera berries. 

 Cutometer Non-invasive probes 

 R0 R2 R5 R7 R9 Elasticity Sebum 

Fine Pores 0.086
ns

 -0.268
ns

 0.128
ns

 -0.273
ns

 0.203
ns

 -0.73
ns

 -0.511** 

Large Pores 0.174
ns

 0.118
ns

 0.013
ns

 -0.337* 0.54** -0.185
ns

 -0.112
ns

 

Sebum -0.11
ns

 0.488** -0.415** -0.055
ns

 0.011
ns

 -0.324* - 

Elasticity -0.468** -0.012
ns

 -0.395* 0.667** -0.3* - -0.324* 

Different superscripts, * indicates the level of significance (p <0.05), ** (p <0.01) and *** (p <0.001) 

while 
ns 

(p >0.05).  

 

Table 4. 80 The correlation coefficient found between the facial pores (fine and large), 

sebum and the elasticity parameters (R0–R9) measured with the Cutometer® and 

Elastometer®  of formulation (F2) containing extract of Solanum nigrum berries. 

 Cutometer Non-invasive probes 

 R0 R2 R5 R7 R9 Elasticity Sebum 

Fine Pores -0.133
ns

 -0.323* -0.269
ns

 -0.316* 0.442** -0.371* -0.18
ns

 

Large Pores -0.126
ns

 -0.221
ns

 -0.216
ns

 -0.223
ns

 0.363* -0.385* -0.108
ns

 

Sebum 0.14
ns

 0.262
ns

 0.313* 0.263
ns

 -0.015
ns

 0.523** - 

Elasticity 0.596** 0.467** 0.456** 0.325* -0.143
ns

 - 0.523** 

Different superscripts, * indicates the level of significance (p <0.05), ** (p <0.01) and *** (p <0.001) 

while 
ns 

(p >0.05). 
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5. CONCLUSION 

As a conclusion of this work this was confirmed that both plants was rich in phenolic 

contents and contain important phenolic compounds like gallic acid, caffeic acid etc. 

The plants were also evaluated for antioxidant potential and results showed that both 

plants exhibit good antioxidant activity. 

 A W/O base using paraffin oil can be formulated and similarly a stable W/O 

formulation using extract of Withania somnifera and Solanum nigrum berries were 

developed. During the study period we conclude that:  

 Both formulations exhibit optimum thixotropic values and this influence 

therapeutic efficiency of drugs. 

  No color changes and liquefaction were observed for both formulations when 

kept at storage conditions.  

 There was significant decrease in melanin content of volunteers after 

application of formulations, so the formulation has skin whitening effects.  

 The formulations decreased skin erythema content and produced no skin 

irritation throughout the study period.  

 Bases and formulations increased skin moisture content but formulation has 

more prominent effects.  

 Skin sebum contents were decreased by formulation with passage of time.  

 Both formulations enhanced mechanical properties of skin and showed anti-

aging effect.  

 Both formulations decreased the number and size of skin spots and skin pores 

and result showed significant correlation with skin sebum level and skin 

elasticity Measurement of facial pore with VisioFace® shows statistically 

significant associations with the skin elasticity. Males subjects with acne 

tended to have a greater number of facial pores. From our results, we could 

assume that the enhancement of skin elasticity would be the fundamental 

strategies in the prevention of size and count of facial pores (fine and large) by 

application of formulation containing natural compounds. Phytocompounds 

like phenols and flavonoids exhibit the strong antioxidant activity that 

scavenge not only free radicals but also protect from many skin infections. 
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The developed phytocosmetic formulations of gallic acid, caffeic acid, rutin 

from natural source result in strengthens the mechanical properties of skin and 

reduce skin pore size and counts.. 
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