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Abstract 

Cosmetics products are one of the most essential and frequently used components in our daily 

life. Besides improving human health, they provide us healthy lifestyle and boost up our self­

esteem. Globally cosmetics market is projected from 287 billion USD in 2021 to 415 billion 

USD 2022. This research study aims at the isolation, identification and characterization of 

bacterial strains isolated from cosmetics. 14 bacterial colonies were isolated by inoculating 

different cosmetics products on Tryptic Soya Agar. All the strains showed optimum growth at 

37°C. Different approaches were adopted for the identification of bacterial strains which include 

biochemical testing and molecular characterization. All strains were assessed through 

biochemical tests and were further proceeded for nucleotide sequencing. We identified six strains 

through Sanger sequencing. Phylogenetic analysis showed different bacterial strains were 

revealed in cosmetics products including Sphingomonas Paucimobilis, Cytobacillus 

oceanisediminis, Robertmurraya andreesnii, Cytobacillus Firmus, Falsibacillus pallidus , and 

Acinetobacter junii. Sphingomonas has potential of bioremediation and can be utilized for 

degrading toxic compounds to make the environment better. Similarly, Cytobacillus is found to 

be involved in bio mineralization and also aids in fermentation. Our results have shown that there 

is dire need to assure the strict safety regulations regarding cosmetics. Improper manufacturing 

practices can lead to the contamination of cosmetics which could lead to the severe consequences 

deteriorating the quality of health. Further studies are needed to explore the potential of these 

isolates so that they can be utilized to improve our health as well as environment. 

ix 



Chapter 1 Introduction 

1 Introduction 

Personal care products are frequently utilized by people in daily life and getting popular across 

the globe due to extensive use. They are purchased without any hurdle as they do not lie under 

the same regulation as those of medicines (Jairoun et al. 2020). The word "Cosmetic" is derived 

from the Greek word "Kosmetike tekhne " meaning "Technique of dressing and decoration" . 

Cosmetics are defined as the substances which are applied to the external surface of human body 

for the purpose of altering the appearance to look attractive, to improve the texture of skin, to 

keep the body clean, to smell good and for skin protection. There are seven main categories of 

cosmetics which include oral care products, skin care products, and body care products, products 

of hair care, sun care, fragrance products i-e perfumes and decorative cosmetic products (Draelos 

and Z.D. 2012). 

Cosmetics are comprised of combination of chemicals ingredients derived from natural as well 

as chemical sources. The vital ingredients of cosmetics include water, emulsifiers, preservative, 

thickeners, pigments, glitters and fragrances etc. However, these ingredients act as medium for 

the transport of pathogens in the daily lives of people because mostly these components 

encourage the growth of microbes. Microorganisms can survive at suitable temperature, pH 

moisture and metabolites. Almost all cosmetics products fulfil these requirements and harbor the 

growth of microbes. Mostly cosmetics contain growth stimulators, organic as well as inorganic 

components and stored in humid atmosphere which stimulates the growth of microorganisms. 

The microbial contamination of these personal care products deteriorate their quality ultimately 

affecting the human health resulting in severe consequences (Schneider et al. 2000). 

The cosmetics products become prone to contamination either during manufacturing In a 

container or during use by the consumer. In the first case, the manufacturer of the product must 

adopt all the safety protocols to avoid contamination so that best quality of the product must be 

ensured. While in the second scenario, the user must keep the products in safe place to avoid 

health issues. The most important concern about cosmetics is that they are not labelled with their 

manufacturing and expiring date due to which chemicals used for preservation degrade at their 

specific time. Ultimately, the contamination will occur and people keep on using such 

contaminated products without being in their knowledge. The microbial contamination of 

1 



Chapter 1 Introduction 

cosmetics results in the production of such toxins which cause severe irritation and allergy on the 

skin (Michelutti et al. 2020). 

From extensive survey studies it has become evident that allergies caused by cosmetics are 

increasing day by day. Approximately 10% of total population experience severe allergic 

reactions after exposure to cosmetics products. Severity of allergy depends upon the ingredient 

which becomes contaminated as well as time of exposure to a particular product. The use of 

cosmetics on damaged or inflamed skin aggravates the allergic reactions and make them more 

severe and serious (Zukiewicz-Sobczak et al. 2013). Urticaria constitutes group of disorders that 

causes itchy scars ranging in size from millimeters to centimeters and become coalescent. It is 

caused by utilization of contaminated cosmetics and their repetitive use (Wedi et al. 2009). 

The use of cosmetics also results in anaphylaxis which causes severe swelling in mucous 

membrane of skin followed by difficulty in breathing and nausea. The contamination of 

cosmetics causes contact dermatitis which results in red patches on skin, swelling and itching. It 

occurs mostly in immune compromised people whose immune systems have already become 

sensitized to microbes and allergens (Goossens, A. 2011). 

The US FDA mentions clearly that cosmetics do not need to be sterile but they should be free of 

pathogenic microorganisms and the concentration of microbes which are non-pathogenic should 

also be minimum. A proper monitoring and management system should be established for the 

regulation of cosmetics to ensure best quality of the raw material used in their manufacturing and 

best hygiene facilities (Kim et al. 2020). There should be proper declaration by the 

manufacturers that they have tested the product and it does not contain any microbe. Such 

monitoring is essential to minimize the infection caused by contaminated products because those 

people whose immune system is compromised they are prone to every kind of infection and get 

lethal effects. Heavy metals concentration should be checked properly as their concentration 

beyond threshold level causes toxicity and serious issues. Our skin is the largest and most 

sensitive organ so it needs to be treated carefully. The personal care products recalls are 

occurring widely so these issues need to be addressed seriously so to ensure best health and 

microbe free products (Jairoun et al. 2020). 

2 



Chapter 1 Introduction 

1.1 Aims and Objectives: 

• To isolate and culture bacteria from different brands of cosmetics. 

• To perform biochemical and molecular characterization of bacterial isolates. 

• To assess the health risk or potential impacts associated with isolated strains. 

3 



Chapter 2 Review of Literature 

2 Review of Literature 

2.1 Significance and usage of cosmetics: 

Cosmetics have been widely utilized in daily life of people and due to large scale consumption of 

these products, the cosmetics industry is expanding and cosmetics have become one of the most 

active trade globally. Cosmetics have been used by people since long, even in the Stone Age to 

protect themselves from excess heat and light. In ancient time people used to paint themselves 

using oils, different mixture of clays and plant materials to protect themselves and minimize the 

effects caused by heat and cold weather. However, as societies became more civilized and their 

esthetic sense developed with the passage of time, people developed more interest in the usage of 

cosmetics for the purpose of personal hygiene, to look more attractive, to enhance tranquility, to 

prevent aging, to protect skin from harmful UV radiations and other harmful environmental 

factors. Cosmetics have been divided into the main categories depending upon purpose of 

application which include cosmetics for skin care, makeup, cosmetics for body protection, 

cosmetics for hair care, oral use cosmetics, fragrances etc. (Draelos and Z.D. 1995). 

Skin care cosmetics are termed as "facial cosmetics" as they are mainly applied on the face for 

the purpose of cleansing, protection and maintaining the texture of skin. Makeup cosmetics 

include those products which are mostly applied on face and can be base makeup as well as point 

makeup. Body care cosmetics include those products that protect us from sun and tan. They also 

include hair remover, insect repellent, soaps, hand care, moisturizers etc. Cosmetics for hair care 

include shampoos, hair damage protection products, conditioners, hair dyes and scalp treatments 

etc. Oral care cosmetics are mouth wash and toothpastes etc. Fragrances are applied on the body 

to smell good and include perfumes and deodorants (White et al. 2006). 

The cosmetics products should be useful in physicochemical, physiological and psychological 

aspects. In terms of physicochemical aspect, the product should be effective in preventing skin 

from hannful effects like UV rays and it should be capable of covering spots and freckles on 

skin. While in physiological aspect, the cosmetics products should alleviate the roughness of skin 

giving smooth texture, preventing hair loss and perfectly confer protection to physiological 

features of hair as well as skin. In tenns of psychological usefulness, the cosmetics should give 

4 
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the user more confidence and it has been elucidated from the research that working efficiency 

increases after applying makeup (Nduka et al. 2019) . 

Table 2.1. Classification and usage of cosmetics 

Classification Usage Main Products 

Skin care cosmetics Cleansers Conditioners Protectors Cleansing creams, 

lotions, moisturizers, 

Milky lotions 

Makeup cosmetics Base Point makeup Nail care Foundations, Face 

makeup powders, Lipsticks, 

Brushes, Nail enamels 

Body care cosmetics Bath Sun Insect Bleaching Soaps, Sunscreens, 

care repellents creams Insects repellent lotions, 

Bleach creams 

Hair care cosmetics Cleansing Hair Scalp Permanent Shampoo, Hair bleaches 

color remover waves and dyes, Dandruff free 

hair shampoo, hair wave 

lotion 

Oral care cosmetics Toothpastes Mouth washes Toothpastes and mouth 

washes 

Fragrances Fragrances Perfumes and sprays 

2.2 Microbial contamination of cosmetics: 

Microbial contamination of cosmetics products is a global health issue and causing nuisance 

among consumers, manufacturing industries and clinicians. The cosmetics become prone to 

contamination due to impurity of raw material, due to use in contaminated atmosphere or poor 

personal hygiene (Kim et al. 2020). The microbes not only modify the physical features of 

products like color, viscosity, flavor and scent but also degrade the crucial components of 

products which result in severe consequences. The microbial interference may produce certain 

5 



Chapter 2 Review of Literature 

toxic compounds and metabolites which cause severe allergic reaction to skin (Budecka et al. 

2014). 

2.3 Side effects of contaminated cosmetics: 

The risks associated with contaminated products can have significant impact on human health 

ranging from mild to severe diseases. Pathogenic microbes have been isolated from cosmetics 

products which include Staphylococcus aureus and Pseudomonas aeruginosa. 

2.3.1 Staphylococcus aureus side effects: 

Staphylococcus aureus causes infection of skin as well as soft tissues such as abscess formation, 

formation of pus in hair follicles, blebs, cysts, inflammation, impetigo which involves large sized 

blisters which exude fluids resulting in the formation of crust having color like honey. 

Staphylococcus also causes scalded skin syndrome which is characterized by fever, rash and 

formation of blisters. It also causes severe infection of blood stream called bacteremia resulting 

in fever and low blood pressure. Staphylococcus is also reported to cause septic arthritis resulting 

in pain and swelling in joints along with fever (Noble and W.C. 1998). 

Figure 2.1 Skin infection caused by Staphylococcus aureus (Adapted from Noble and W.C. 1998). 

2.3.2 Pseudomonas aeruginosa side effects: 

Pseudomonas aeruginosa causes folliculitis involving itchy patches filled with pus around hair 

follicles. It also gives rise to otitis which is severe ear infection and characterized by ear pain, 

swelling, itching and discharge of fluid from ear. Pseudomonas is also causative agent of 

pneumonia followed by high fever, chills and difficulty in breathing. Numerous eye infections 

6 
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have been reported to be caused by Pseudomonas causing inflammation and pus formation in 

eyes resulting in impaired vision (Wu et aI. 2011). 

Pseudom 
aeruginosa Infections 

Fig.2.2. Types of Acute P. Aeruginosa Infections. (Proctor et aI., 2021) P. aeruginosa is 

prevalent in skin and soft tissue infections (top right) including trauma, burns, and dermatitis. It 

also commonly causes swimmer's' ear (external otitis), hot tub folliculitis, and ocular infections, 

bacteremia and septicemia, especially in immunocompromised patients, and endocarditis 

associated with IV drug users and prosthetic heart valves (bottom right). P. aeruginosa can also 

cause central nervous system (eNS) infections such as meningitis and brain abscess (top left), 

bone and joint infections, including osteomyelitis and osteochondritis, respiratory tract 

infections, and hospital-acquired urinary tract infections (UTIs; bottom left). P. aeruginosa is 

also resistant to many common antibiotics (Adapted from Proctor et aI., 2021). 

2.3.3 Side effects of Enterobacter infection: 

Enterobacter has been reported to be present in cosmetics. It causes a variety of ailments which 

include eye infection, skin infection as well as soft tissue infection, pneumonia, blood infection 

and urinary tract infection. Meningitis is also reported to be caused by Enterobacter in which 

meninges become prone to inflammation resulting in headache, fever, cramps in neck, vomiting 

and anorexia etc. (Ramirez et aI. 2021). 

7 
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Fig. 2.3. Cellulitis and edema related with skin and soft tissue infection. 

2.3.4 Infection caused by Klebsiella pneumoniae: 

Klebsiella pneumoniae is one of the most common bacteria isolated from cosmetics. It has 

capability to infect lungs, brain, liver, eyes, blood and wounds. Klebsiella causes severe 

pneumonia resulting in fever, chills, chest pain, coughing. It is also a causative agent of UTI 

resulting in frequent urination, fever, vomiting and nausea. When it invades the skin barrier and 

gain access to skin tissues, it causes cellulitis, dermatomyositis, redness on skin along with 

inflammation and fatigue. Endophthalmitis is one of the severe consequences of Klebsiella 

infection which is characterized by inflammation in white of eye leading to the eye pain, redness 

in eye, oozing of yellow or white fluid from eye and blurred vision (Elemam et al. 2009). 

Fig.2.4 Endophthalmitis following intravitreal injection (Adapted from Vaziri et al. 2015) 

2.3.5 Pseudomonas putida infection: 

Another study has shown that Pseudomonas putida has also been isolated from mascara and eye 

liner products (Noor et al. 2020). It is a pathogenic microbe and cause of high rate of morbidity 

among immunocompromised individuals. It has caused severe blood infection among people 
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having soft tissue infection which further extends to the multi organ failure ultimately leading to 

the death of individual (Thomas et al. 2013). 

Fig 2.5. Infection caused by Pseudomonas putida (Adapted from Wu et al. 2011). 

Table 2.2. Classification of bacterial strains isolated from cosmetics, their characteristics and 

diseases caused by them 

Bacterial strains Characteristics Diseases 

Staphylococcus aureus Gram positive, round shape, Abscess formation, Hair folliculitis, 

Facultative anaerobe, Member scalded skin syndrome, Bacteremia, 

of Firmicutes Septic arthritis. 

Pseudomonas Gram negative, strict aerobe, Folliculitis, Otitis, Pneumonia, Eye 

aeruginosa encapsulated, rod shaped infection 

Enterobacter Gram negative, rod shaped, Eye infection, Skin infection as well 

facultative anaerobe, flagella as soft tissue infection, Pneumonia, 

Blood infection, Urinary tract 

infection and Meningitis 

Klebsiella pneumoniae Gram negative, non-motile, Infection of lungs, Brain, Liver, Eyes, 

encapsulated, facultative Blood and wounds, Pneumonia, 

anaerobe, lactose fermenting Cellulitis, Dermatomyositis, Redness 

on skin, Endophthalmitis 

Pseudomonas putida Gram negative, rod shape, Blood infection, Multi organ failure 

saprotrophic, non-fermenting leading to death. 
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2.4 Contact dermatitis: 

Contact dermatitis is one of the most common skin disorder which is caused by cosmetics. The 

individual may have sensation of burning and stinging while in severe case it results in swelling, 

red patches on skin, itching and peeling of skin (Fonacier et al. 2010). 

There are two main categories of contact dermatitis: 

• Irritant contact dermatitis 

• Allergic contact dermatitis 

2.4.1 Irritant Contact Dermatitis: 

Irritant Contact Dermatitis is one of the most common types of contact dermatitis and constitutes 

about 80% of all contact dermatitis. It is a type of non-allergic reaction that happens when the 

substance in cosmetics or any other chemical damages the outermost protective layer of the skin. 

It is a kind of non-specific response of skin receptors to the direct exposure of chemical which 

triggers the release of inflammatory mediators from epidermal cells (Litchman G et al. 2022). 

The irritant substance may be soaps, detergents, solvents, hair dye, makeup, solvents and 

insecticides etc. Some people get adverse reaction after exposure for the first time. While others 

may get affected by repetitive exposure even to the mild substance and some people become 

tolerant to the irritant over time (Bains et al. 2019). 

Fig.2.6 Acute irritant contact dermatitis on the forehead 1 -week after the application of 

dic10fenac gel (twice daily) for the treatment of actino keratoses. The patient had skin type I and 
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very sensitive skin all his life. Patch testing with diclofenac gel as well as a repetitive open 

application test on the forearm for 1 -week was negative (Adapted from Frosch and John. 2011). 

2.4.2 Allergic Contact Dermatitis: 

Allergic Contact Dermatitis is a type of delayed hypersensitivity reaction which occurs after one 

or two days after exposure to an allergen (Litchman G et al. 2022). It produces effect only on the 

area of contact to the specific allergen and appears as rash on that specific area. For example, 

after exposure to poison ivy, the body gives rise to an immense inflammatory reaction to the 

plant oils and produces rash and itching on the skin. The most common allergens which are 

causative agent of allergic contact dermatitis include personal care products like deodorants, nail 

paints, body washes, hair dyes, mouth wash, antibiotic creams and sunscreens etc. (Kostner et al. 

2017). 

Fig.2.7. Skin infection due to allergic contact dermatitis (Adapted from Murphy et al. 2018). 

2.5 Diagnosis of Bacterial infections: 

The accurate and early-stage diagnosis of a disease is crucial to avoid the long-lasting effects and 

complications. The precise diagnosis of infection improves the effectiveness of the treatment 

required to alleviate that infection and prevents from unnecessary practices and medication. The 

precise diagnosis of a disease prevents the outbreak of that disease and minimizes the 

development of antibiotic resistance. Conventionally, bacterial infections are diagnosed with the 

help of culture methods however, due to certain limitations like some bacteria are difficult to 

grow and their growth requirements are different and time-consuming procedure do not make it 

an ideal method for bacterial diagnostics. Over the several decades, the nucleic acid testing has 

revolutionized the diagnosis of disease and it is more fast, accurate and sensitive than the 
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traditional culture methods (Muthukumar et al. 2008). The pros and cons of diagnosis methods 

are described below in the table 2.3 and 2.4. 

2.5.1 Comparison of culture and nucleic acid testing methods: 

Table 2.3. Pros and cons of culture- based diagnosis (Adapted from Muthukumar et al. 2008). 

Pros Cons 

Least instrumentation required Biosafety concern arises 

High specificity Low sensitivity 

. Less expensive Time consuming for slow growing bacteria 

Antibiotics sensitivity can be tested Non-viable bacteria cannot be tested 

Biochemical characterization can be The contradiction among biochemical 

performed phenotype and genotype may occur. 

Morphology of colonies can be visually 

inspected 

Table 2.4. Pros and cons of nucleic acid based diagnosis (Adapted from Muthukumar et al. 
2008). 

Pros Cons 

High sensitivity Chances of false positive results 

Detection of nonviable bacteria Genotype and phenotype contradiction 

High resolution analysis Additional training required 

Reduced biosafety concerns Special instrumentation required 

Detection of certain antibiotic resistant strains Few antibiotics sensitivity tests available 

without culturing 

Rapid turnaround time Interference of false negative occur and 

hinders the amplification process 
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2.6 Molecular and biochemical identification of bacterial strains isolated from cosmetics: 

S.aureus is one of the most frequently occurring bacteria worldwide and is reported to infect 

large number of cosmetics users worldwide. Molecular methods like peR have been extensively 

used for the identification of S.aureus. In Egypt, five colonies of S.aureus have been isolated 

from cosmetics and preserved in falcon tubes for further identification. The isolates were 

identified through various biochemical tests like dnase, catalase, mannitol etc. Results showed 

that 95% isolates were dnase positive. 48% of strains could ferment mannitol and 90% isolates 

were catalase positive. The presence of S.aureus was further confirmed through peR in which 

the electrophoresis profile indicated that the given strains are of s'aureus (Ezzeldeen et al. 2011). 

P. aeruginosa IS an opportunistic bacterium and causes severe infections III 

immunocompromised patients. It has been isolated from various products of cosmetics and 

conventional culture methods are very time consuming for its detection. However, accurate and 

rapid identification of isolates has been performed through peR. 100 samples of products were 

collected and inoculated on media for growth. After obtaining their pure colonies, the DNA was 

extracted and peR was performed based on 16srRNA gene. The primers were designed for 

ToxA and exoS genes and peR reaction mixture volume constituted 20j..ll. After peR 

confirmation, samples were processed for Sanger sequencing and the results indicated that 61 

samples were P.aeruginosa positive. The Tox A gene was detected in 69% isolates while exoS 

gene was present in 49% isolates (Shaebeth et al. 2019). 

Enterobacter is one of the most common pathogens which cause neonatal diseases. The 

identification methods based on biochemical profiles do not produce satisfying results due to 

their resemblance with the other members of Enterobacteriaceae . However, peR has been 

proven to be the most accurate method for their identification based on 16S rRNA gene 

sequencing. 60 samples from various brands were collected for the detection of enterobacter 

species. The DNA extraction, peR and sequencing were done for confirmation. The results 

indicated the presence of K. pneumoniae, E. cloaceae, Acenitobacter vivianii, E. coli and 

K.quasipneumonae. (El-zamkan et al. 2018). 
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K. pneumoniae isolated from cosmetics has been characterized. 39 isolates have been obtained 

at a hospital of Mexico. The biochemical tests indicated all of them as K. pneumoniae whereas 

Multiplex PCR identified 36 of them as K. pneumoniae. One of them as K. variicola, and rest of 

them were identified as K. quasivariicola through phylogenetic analysis (Garza-Ramos et al. 

2018). 

Pseudomonas putida has been identified through vanous phenotypic as well as molecular 

methods. Pseudomonas was collected from cosmetics products in New York and firstly 

characterized through oxidase, catalase and gram staining methods. The results indicated it as 

gram negative, oxidase and catalase positive. Further 16S rRNA sequencing was carried out to 

confirm the pseudomonas strains which showed the presence of P. putida, P. jluorescens, P. 

marginalis, and P .tolasi. Hence it is evident that biochemical profile does not classify and 

distinguish microorganisms accurately. The molecular techniques have revolutionized the 

diagnosis and identification of pathogens due to which accurate treatment can be provided to the 

patients on time. (Wiedmann et al. 2000). 

2.7 Treatment of diseases caused by the use of contaminated cosmetics: 

S. aureus infection is one of the most prevalent bacterial infections among consumers of 

cosmetics products which poses serious health threats. Treatment is recommended to the patients 

according to the type of infection, its severity and location. Antimicrobial agents are used to 

tackle S. aureus infection for example in case of impetigo topical antibiotics are given like 

mupirocin, retapamulin. In abscess fonnation, antibiotics are not necessarily given, rather 

incision and drainage are preferred. In bacteremia, intravenous therapy is prescribed and for 

MRSA vancomycin or daptomycin while in MSSA cefazolin or nafcillin are administered. In 

case of pneumonia, the treatment is a long procedure comprising of 3 weeks duration in which 

antibiotics with best bioavailability are administered with optimum range of dose. Linezolid is 

one of the best antibiotic given to the S.aureus infection patients. Doxycycline has shown the 

best results for patients having S.aureus infection and it cannot be given to the children below 8 

years (Creech et al. 2015). 

The infection of Pseudomonas aeruginosa is treated with different combinations of compounds 

having beta lactam and aminoglycosides. Carbapenems with quinolones are used in combination 
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with aminoglycosides to treat its infection largely. Cephalosporins are used for patients having 

bacteremia, meningitis, fever and neutropenia. Fluoroquinolones are administered to the patients 

having intra- abdominal infections and osteomyelitis. Polymyxins are used for the patients 

having meningitis and ocular infection (Ibrahim et al. 2020). 

The fourth-generation compounds are used extensively to treat the infection caused by 

Enterobacter species. They have proven to be much better than the third-generation compounds 

in stability and resistance pattern. Cefepime is a fourth-generation antibiotic and has been 

administered successfully in patients diagnosed with enterobacter infection. Broad spectrum 

penicillin has also been used for the treatment of enterobacter infection. Carbapenem is the best 

choice in patients having bacteremia. Meropenem is the useful candidate for treating meningitis 

(Villegas et al. 2002). 

The infection of Klebsiella pneumonia is treated with different antibiotics. In case of UTI, 

piperacillin is the preferred compound administered to treat the infection. Tazobactam is given to 

the patients having intra-abdominal infection. Intravenous drugs are given in skin infection along 

with topical creams and ointments. Aminoglycosides and cephalosporins are used to treat soft 

tissue infection caused K. pneumonia (Lee et al. 2012) . 

Dennatitis is treated by the application of topical steroids. Antibiotics are orally given to the 

patients along with topical lotions. In severe infection, steroids are orally prescribed for five to 

seven days. Azathioprine is mostly given to the patients of dennatitis. Primecrolimus is 

administered in conjunction with corticosteroids to reduce severity of rashes and allergy. 

Cleansers which are soap free are recommended by the doctors to the patients to use on daily 

basis. Photo therapy is one of the best treatments and has proven most effective to cure the 

severe atopic dennatitis. The secondary infections of skin are known to be treated best by anti­

staphylococcal drugs (Frazier et al. 2020). 

2.8 Pattern of antibiotics susceptibility and resistance in bacterial isolates from 
cosmetics: 

Antibiotics susceptibility refers to the effectiveness of an antimicrobial agent and its tests are 

perfonned by medical technologist to detennine the best antibiotic for a patient. It is perfonned 

on bacteria or fungi that are relevant to an individual infection. The results are expressed in the 
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form of MIC (Minimum inhibitory concentration) that refers to the minimum concentration of 

the drug required to retard the growth of microbes (Van Be1kum et al. 2020). Antibiotic 

resistance refers to the loss of susceptibility of pathogens to the drugs which kill them or 

interfere with their growth. It has become a global issue which has led to the severe 

consequences and complication in the treatment of patients resulting in the increased rate of 

morbidity (Ventola and C.L. 2015). 

Fig.2.8 Different Mechanisms of antibiotic resistance which include interference of bacterial 

enzymes with drugs causing inactivation, Activation of efflux mechanism for drug expulsion, 

change in drug target, the drug uptake by cell ceases (Adapted from Morier. 2021). 

Total of 10 cosmetics products from different brands were collected which included mascara, eye 

shadow, eye liner in West Bangal and India. The bacterial strains were isolated and identified. 

Later on, the antibiotics susceptibility for strains was determined by disk diffusion method. The 

Mueller Hinton agar was inoculated with fresh strains and incubated with antibiotic discs which 

included Ampicillin, Ciprofioxacin, Meropenem, Vancomycin, Cefpodoxime, Gentamycin and 

Cefotaxime. The results showed that Bacillus was sensitive to all the antibiotics whereas 

Pseudomonas showed resistance to five antibiotics which included Ampicillin, Vancomycin, 

Cefpodoxime, Ciprofioxacin, Nalidixic acid and Cefotaxime. The chromobacterium violaecium 

showed resistance to the Ampicillin and Cefpodoxime. Listeria monocytogenes was resistance to 

Vancomycin and Nalidixic acid (Shayamapada and M. 2016). The enterobacter was susceptible 

to Cefotaxime, Ampicilin and resistant to erhthromycin and kanamycin. Pseudomonas putida 
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was susceptible to the Ampicilin, Novobiocin and resistant to Cefotaxime, Penicillin and 

Erythromycin (Orus et al. 2015). Staphylococcus aureus has been found to be resistant to the 

vancomycin and daptomycin (Foster and TJ. 2017). Klebsiella pneumoniae was found to be 

resistant against Meropenem, Ceftazidime, Ciprofloxacin and Gentamycin (Navon-Venezia et al. 

2017). There is dire need to overcome the multifactorial and complex process of antibiotic 

resistance as it is a global threat to health and development. A huge number of infections have 

become hard to treat and cure due to inability of drugs to stop microbial growth. Immediate 

efforts are needed to minimize these threats and mortality caused by antibiotic resistance 

(Meerza et al. 2021). 

2.9 Beneficial bacteria as components of cosmetics: 

The revenue of international market of cosmetics has accretion up to 429.8 billion dollars by 

2022. This significant progress in cosmetics industry is achieved by adopting aggressive strategy 

of marketing by different international brands through the production of ecofriendly cosmetics. 

These biological products have appealed every kind of consumer acquainted with ayurvedic and 

biocompatible ingredients. People have become keen to the use of cosmetics products delived 

from biological origin providing maximum benefits. The addition of organic ingredients in 

cosmetics have minimized the risks and side effects which are caused by chemical components 

in cosmetics. As microbes exist in huge diversity, so they act as potential candidates for 

biotechnological and cosmetics products in future (Gupta et al. 2019). 

Microbes are considered favorable candidates for the production of metabolites and they are 

capable of producing the product in large quantity at very reasonable price making the process 

cost effective. Microbes also have the ability to survive in different set of conditions and 

environments which make them distinct from organisms and are able to produce diverse 

bioactive compounds. They are enriched in compounds like fatty acids omega 3-6, enzymes, 

carotenoids, lipopolysaccharides and ceramides etc. which possess extensive application in 

cosmetics industry. These compounds are involved in the production of esters, aromatic 

compounds and active components used in manufacturing of cosmetics. Bacteria secrete 

compounds of immense commercial value like Vitamins, Bio surfactants, Exopolysaccharides 

and peptides etc which serve the purpose of enhancing beauty as well as improving the health of 

consumer (EI-Enshasy et al. 2016). 
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2.9.1 Bacterial strains used in cosmetics: 

2.9.1.1 Oligosaccharides: 

Cyclodextrins are ring structured compounds that are made up of fused moieties of 

oligosaccharides which have remarkable benefaction in formulation of cosmetics. The bacterial 

strains which are extensively used for the production of cyclodextrins are Bacillus subtilis 313, 

Microbaterium terrae KNR 9 and species of Brevibacterium. They are frequently used for the 

reduction of esters volatility in perfumes leading to the enduring aromatic effect. They are also 

used in diapers and sanitary pads to reduce and minimize the odor (Gupta et al. 2019). 

2.9.1.2 Bio surfactants: 

The most important and significant source of bio surfactants are Bacillus subtilis, Bacillus 

lichenoformis, Bacillus amyloliquefaciens and Bacillus pumilus. Due to being biodegradable and 

non-toxic biosurfactants are extensively used as agents for skin hydration, foaming agents, 

detergents as well as emulsification agents. One of the most distinguished and appealing class of 

biosurfactants is Mannosylerythritollipid (MEL) which are extensively used in the production of 

eye shades, eye liner, lipsticks, body sprays, soaps, nail care and body massage kits. One of the 

main uses of biosurfactants in cosmetics is in the developments of anti -aging creams and 

cleansing agents. Biosurfactants have enormous dermatological applications and used in topical 

formulations on large scale (Del Valle et al. 2004). 

2.9.1.3 Exopolysaccharides: 

Exopolysaccharides are the prominent class of skin hydrating agents which maintain the skin in 

appropriate environment. Dextran is the most frequently used class of exopolysaccharides which 

is produced from Leuconostoc mesenteriodes and Streptococcus mutants. Dextran is mainly 

employed as smoothening as well as brightening agent for skin due to promoting glow and 

fairness of skin and reducing the wrinkles. Besides skin brightening agents, dextrans also act as 

anti-inflammatory agents and improve the rate of blood flow. Xanthomonas produce another 

class of EPS called Xanthan which act as moisturizing agents in skin fonnulations (Yildiz et al. 

2018). 
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2.9.1.4 Hyaluronic acid: 

Streptococcus and Bacillus species act as synthetic machinery for the production of hyaluronic 

acid which is dermal filling agents in cosmetics. They are also used as moisturizing agents in 

lotions. HA improves the texture of skin by retaining its moisture content and minimizing the 

wrinkles on it (Sze et al. 2016). 

2.9.1.5 Proteins and peptides: 

Bacillus species are mainly used for the production of peptides in cosmetics applications. These 

peptides are used in gel preparations, moisturizers and powders. Some insoluble peptides are 

used in the preparation of facial mask. Penta-peptides are frequently used as skin smoothening 

and anti-aging agents (Lods et al. 2000). 

2.9.1.6 Enzymes: 

Enzymes have been widely used in cosmetics industry since ancient times and have produced 

stable and compatible products. Superoxide dismutase and peroxidase are the main enzymes 

used in this industry and they were secreted from Marinomonas speCIes as well as from 

extremophiles such as Thermus thermophiles in earlier times. With the technological 

advancements lactic acid bacteria have been genetically engineered which produce these 

enzymes in higher quantity having maximum stability. These enzymes act as free radical 

scavengers and block the UV light reaching the surface of skin (Lodz et al. 2000). 

Proteases are another important class of enzymes which hydrolyze the peptide bonds of many 

types of skin tissues like keratin, elastin and collagen. These proteases have been isolated from 

Bacillus licheniformis, Thermoanaerobacter, Thennococcus, Lysobacter, Kocuria, Vibrio, 

Stentrophomonas etc. Protease have been used to treat skin disorders such as psoriasis 

(inflammation and flaking of skin), xerosis (skin dryness) and scaly skin disorder called 

ichthyoses. Keratinases are used to cure stretch marks and regeneration of epithelial cells to 

augment healing process. They are also used in topical ointments like lotions for heels and knees. 

Keratinases are extensively used in delaying the growth of hair as well as hair removing process 

(Gupta et al. 2013). 
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2.10 Preservation of cosmetics: 

Besides oil and water, cosmetics contain such components which encourage growth of microbes 

due to which they become prone to contamination easily. Therefore, it becomes indispensable to 

add preservatives which confer long lasting protection against putridness and rottenness due to 

bacterial interference in cosmetics from multiple sources. Contamination which arises due to 

microbes during production is termed as primary contamination and it typically arises due to 

presence of bacteria in water (Gram negative and rod-shaped bacteria). The contamination which 

occurs during usage of product is called secondary contamination and it usually occurs due to 

bacteria in environment (Gram positive rod and round shaped bacteria). Primary contamination 

can be minimized by adopting manufacturing practices and products are not acceptable to the 

consumers if products are not made according to the good manufacturing practices. Secondary 

contamination can be avoided by taking care of hygiene conditions and using the products with 

utmost care. It is necessary to add preservatives to prevent the contamination which suppress the 

growth and proliferation of microbes on time and thus deterioration of product can be avoided. 

The most commonly used preservatives are parabens and they are also used for preservation of 

food. Disinfectants are also added to the cosmetics products to sterilize the skin surface and 

maintain the texture of skin. They are mostly used to suppress acne, dandruff and odor in skin. 

Most important disinfectants are benzalkonium chloride and trichlorocarbanilide (Mitsui et al. 

1997). 

2.11 Requirements of an ideal antimicrobial agent in cosmetics: 

Not every kind of antimicrobial agent is added to the cosmetic as all of them do not possess 

desirable features. So, an ideal antimicrobial agent should have following salient characteristics: 

1. Antimicrobial agent should be highly safe without causing any kind of irritation. 

2. It should have efficacy against wide range of microorganisms. 

3. It should be easily miscible in ingredients of cosmetics. 

4. It should be neutral having no alteration in pH. 

s. It should not have any impact on effectiveness of ingredients of product. 

6. It should maintain the appearance of the product. 

7. It should be economical and readily available. 
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2.12 Evaluation of safety of cosmetics: 

The most important aspect of cosmetics is their safety assessment because more than half of the 

world is depending upon the usage of cosmetics. The consumption of cosmetics is directly linked 

with consumers and their health, so it is most crucial to consider the safety of products and 

ensure it at every point (Turnbull and S.E. 2018) . 

2.12.1 Evaluation methods for safety of cosmetics: 

The key concept of each method of safety assessment is that cosmetics are the products to be 

used for long terms so they should not contain such constituents which cause any kind of 

irritation and toxicity after use. Though it is necessary to test the products on human but mostly 

animals are used as models to test the safety and efficacy of the product (Rogier et al. 2020). 

2.12.1.1 Skin irritation: 

The most important and foremost thing about safety of cosmetics is that it should not cause 

allergic reaction on skin when applied. The allergic reaction is not always caused by the 

ingredients of the products but also by the misuse of product and secondary contamination. Skin 

allergy is caused by the direct toxic action of chemicals on the skin cells and blood vessels. This 

kind of response is observed in the people which are exposed to strong acids and bases. Rabbits 

and pigs have been used as test models due to similarity in response to that of humans and the 

test material is applied on the skin of model once or repeatedly and thus product safety is 

evaluated (Panico et al. 2020). 

2.12.1.2 Sensitization: 

The allergic reaction may also occur when body is exposed to the chemicals repeatedly which 

have sensitization potential. Such chemicals when administered through skin it is called contact 

allergy or sensitization. It is a delayed type of hypersensitivity response due to delay in 

inflammatory reaction. The mouse is used as test model but mostly used animal is guinea pig to 

test cosmetics ingredients. The adjuvant and patch test methodologies are used to evaluate the 

final product. Some impurities have been reported in the preservatives, fragrances and coloring 

agents and classified as allergenic substance. So, it is extremely important to do sufficient tests at 

the developmental stage of the compounds to avoid harmful impacts of the substances (Mormot 

et al. 2020). 
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2.12.1.3 Photosensitization: 

Photosensitization is a type of allergic response which only occurs in the presence of light. 

Photosensitivity has been reported for a variety of materials which include UV absorbers, 

fragrances and bactericidal substances. So, it is most important thing to assure that neither 

component of cosmetics are photo allergenic as cosmetics products applied on the skin are 

exposed to sunlight directly in routine. The sunscreens and UV absorbents should be evaluated 

on the basis of photosensitivity which are most commonly used in UV light. The process of 

photosensitization results in the activation of material by the light which changes the functions of 

cells of immune system consequently, changing the interaction among the material applied and 

cells of immune system. Mice and pigs are used as test models in which photosensitization is 

induces and application of product is carried out and response is monitored (Mujtaba et al. 2020). 

2.12.1.4 Eye irritation: 

Some cosmetics like mascara, eye shades, kajal and shampoos may enter the eye, so it is 

important to assure the safety of these products so that they do not cause any kind of irritation 

and allergy in eyes. Rabbit has been used as test model in which product is applied to one of the 

eyes of the rabbit and the effect on cornea and iris is monitored over time. It is necessary to 

consider the safety assessment of every kind of product thoroughly and minimize the irritants in 

the cosmetics (Lebrun et al. 2021). 

2.12.1.5 Toxicity: 

2.12.1.5.1 Acute toxicity: 

Acute testing aims at investigation of the side effects and consequences of ingestion of cosmetics 

accidentally. In this test, product is administered to the rodents ' like mice and toxicity level is 

determined from lethal dose. Substances are administered through various routes i-e oral, 

transdermal and subcutaneous etc. (Chinedu et al. 2013) . 

2.12.1.5.2 Subacute and chronic toxicity: 

This kind of testing aims at determination of toxic effects on the organs caused by the long tenn 

use of cosmetics. The tests are performed by administering the product to the rodents 

continuously over a time periods from weeks to months. Various parameters like body weight, 

22 



Chapter 2 Review of Literature 

intake of food and growth are monitored and biochemical tests are carried out. As the particular 

time period ends then weight of each organ is measure and histopathological examination is 

carries out and effect on over all body is also determined (Gupta et al.2012). 

2.12.1.5.3 Reproductive testing: 

This testing determines that cosmetic has potential of causing toxic effects on reproduction or 

not. The testing product is administered to the rodents multiple stages which include before 

pregnancy, during organogenesis, during lactation stage (Parker and R.M. 2006). 

2.12.1.5.4 Testing on humans: 

Many types of side effects ranging from mild to severe have been reported from the application 

of cosmetics products. Before launching a product in the market it is important to assure the 

safety and efficacy of the product . Various kinds of safety assessment tests are being conducted 

on animal models but it becomes very challenging to predict the likelihood of sensory response 

like buming, ini.tation, stinging and itching etc. using animal models. Thus patch and stinging 

tests should be necessarily carried out on the human volunteers in an ethical manner to ensure the 

safe and best use of the products (Pistollato et al. 2021). 
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3 Material and Methods 

Different products of cosmetics from vanous brands were purchased for biochemical and 

molecular characterization of persistent microbes. Different biochemical tests were performed 

along with phenotype analysis for the identification of bacterial strains isolated from cosmetics. 

The molecular characterization was performed for the confirmation of strain at Molecular 

Systematic and Applied Ethnobotany Lab (MoSAEL), Department of Biotechnology, Quaid-i­

Azam University, Islamabad. A schematic representation of current research is shown in fig.3.l. 

Sample colJection and culturing of bacterial colonies 

Biochemical identification 

Biochemical tests for 
identification of gram pos;tive 
and negative bacteria 

Molecular identification 

Polymerase Chain Reaction 

DNA sequenCing 

Phylogenetic Analysis 

Fig.3.1 Schematic representation of research study 

24 



Chapter 3 Material and Methods 

3.1 Isolation of bacterial strains: 

The isolation of bacterial strains is accomplished by providing them suitable nutrients, 

temperature and environment. Bacteria are isolated successfully by growing them on nutrient 

media. Thus, bacterial strains were obtained after testing different products of cosmetics. 

3.2 Media Preparation: 

Different types of media are used for bacterial growth and study. General use media facilitates 

the growth of a large variety of bacteria. For example, TSA (Tryptic Soya Agar) while selective 

media encourages the growth of selective microbes by inhibiting the growth of other 

microorganisms for example, MSA (Mannitol Salt Agar) is used for the growth of 

Staphylococcus . Differential media consists of components that distinguishes microbes visually 

on the basis of their appearance like form of colony or media. MacConkey Agar is used for the 

selection of gram negative bacteria. Normally, a solid nutrient media contains protein 

components like peptone, tryptophan and salts etc. along with the addition of agar. Agar is the 

most important component of nutrient media that is used frequently for the isolation and 

purification of cultures. The solid media contains 1.5-2% Agar and due to its physical structure 

bacterial colonies are obtained in suitable form. Thus, solid media is employed for the isolation 

of bacteria and to study its colony characteristics. 

3.3 Supplies: 

• Autoclave machine 

• Glass reagent bottles 

• Autoclaved petri plates. 

• Ingredients of media according to the recipe (Already prepared media powder was used). 

• Graduated Cylinder to measure distilled water. 

• Heat tolerant gloves for handling hot reagent bottles. 

• 70% ethanol for the purpose of disinfecting working area 

• Weighing balance for weighing media powder 

• Spatula for handling media powder 
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3.4 Procedure of media preparation: 

To prepare media, the media powder was measured on weighing balance. Then Agar was 

weighed on the balance. Both of these reagents were then added to properly label sterile glass 

reagent bottles. Distilled water was then added in the bottle to make the mixture. Different types 

of media were prepared including TSA ((Tryptic Soya Agar), SDA (Sabouraud dextrose Agar) , 

MacConkey Agar, SIM (Sulfur, indole, motility), Simmons citrate agar, Urea base agar. 

Media Composition 

Table 3.1. Different types of media utilized for culturing and testing bacteria 

Sr.No. Media type Amount of Amount of Purpose 

Media Powder water 

1- TSA (Tryptic Soya Agar) 30g 1L Isolation of 

Lab Protocol 12g 400ml bacteria. 

2- SDA(Sabouraud dextrose 65g 1L Isolation of fungi 

Agar) 26g 400ml 

3- Simmons citrate agar 24g 1L Biochemical test 

4.8g 200ml 

4- SIM 30g lL Biochemical test 

6g 200ml 

5- Urea base agar 2.4g 95ml Biochemical test 

1.27 50ml 

6- MacConkey agar 51.5 1L Biochemical test 

10.25 200ml 

3.4.1 Sterilization of media: 

The lids of reagent bottles containing media in them were kept loose and placed in autoclave 

machine to minimize the contamination of atmosphere or hands. The autoclave machine was 

maintained at the temperature of 121 0 for sterilization at the pressure of 15 psi for duration of 20 
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minutes. The temperature of 121 ° kills the microbes which cause contamination leaving the 

components of media intact and safe. 

The sterilization cycle has four steps: 

• Heating up autoclave chamber at temperature 121 0 . 

• Penetration of heat in medium container at temperature :S1 00° -121 0 . 

• Holding time of 20 minutes at the temperature of 121 0. 

• Cool down of the chamber from 121 ° to 80°. 

3.4.2 Pouring of media into plates: 

• Before pouring the media, the laminar hood was sterilized properly by usmg 70% 

ethanol. 

• The sterile petri plates were placed on the clean surface and were properly labelled. 

• The media was kept to be cooled enough to be handled properly. 

• Then the lid of bottles containing media was opened to pour media. 

• The 15-20 ml of media was poured into each petri plate in such a way that bubble 

formation should be minimum. 

• The plates were then placed for a few minutes to let the media solidify and then the plates 

were inverted to avoid moisture on the lid of plates. 

• The plates were then kept overnight at the room temperature to check contamination. 

• The media was ready to be used for culturing or stored in refrigerator in a tight plastic 

bag for future use. 
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TSA Media MacConkey Agar SDA 

SIM Simmon Citrate Agar Urea 

Fig 3.2. Different media prepared for testing purpose 
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3.5 Sample processing and inoculation: 

The cosmetics products used as samples were labeled properly. The serial dilution was 

performed for each sample. Each product of cosmetics was dissolved in autoclaved distilled 

water and DMSO (Dimethyl sulfoxide). Each product was dissolved in 1ml solvent. The samples 

were then inoculated on the TSA and SDA media plates for culturing. 

3.5.1 Culturing bacteria on media plates: 

A drop of each labeled liquid sample was taken with the help of sterile cotton swab and spread 

on the media plate. While the dry powdered sample was taken with the help of sterilized 

inoculation loop. The inoculation loop was sterilized by keeping it in the flame of spirit lap till it 

became red hot and then it was allowed to cool. The loop and cotton swab both were streaked 

gently over the quarter of media plate in back and forth motion. The loop was again kept in 

flame and then cooled down and streaking was done in second quarter of the plate. The streaking 

was repeated again and again to cover the whole area of the plate. The streaked plates were then 

kept in the incubator at 37°C for 24 hours so that bacterial growth can occur significantly. 

3.5.2 Sub-culturing bacteria on media plates: 

Bacterial colonies were sub cultured for further analysis. A sterile inoculating loop was used to 

pick single colony from the culture plate and streaked onto the new media plate. Streaking was 

done at the different angles to cover whole area of the plate. Then plates were placed in bacterial 

growth incubator at the temperature of 37°C for 24 hours to facilitate the growth of bacterial 

colonies to great extent. 

3.6 Biochemical testing: 

Various biochemical tests were performed in order to further recognize the bacterial strains. For 

this purpose, different media were prepared which included MacConkey Agar, SIM (Sulfur, 

indole, motility), Simmons citrate agar, Urea base agar. The prepared media were poured in the 

test tubes and sealed with sterile cotton. Then single colony from overnight grown bacteria was 

picked and suspended in agar slant. The tubes were then incubated at 37°C for 24 hours to check 

the result. 
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Table 3.2. Optimized quantity of different media and their purpose of testing 

Sr.No. Media Optimized Optimized Purpose of test 

quantity of quantity of 

powder water 

1- Simmons citrate 4.8g 200ml Identification of gram -negati ve 

agar bacteria on the base of citrate 

utilization 

2- SIM 6g 200ml Sulfur Identification of 

gram negative 

bacteria on the basis 

of Sulfur reduction 

Indole Identification of 

gram -negati ve 

bacteria on the basis 

of Indole production 

Motility Motile 

3- Urea base agar 1.27 50ml Hydrolysis of urea 

4- MacConkey agar 10.25 200ml Gram negative bacteria grow on it 
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3.7 Molecular Identification: 

The molecular characterization is done in following steps as depicted below diagrammatically 

and each step is explained separated as well . 
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Fig.3.3 Procedure of molecular characterization performed at Biotechnology department, QAU. 

1. DNA extraction of pure bacterial isolates using plain boiling method 2. Polymerase Chain 

Reaction (PCR) using universal primers for the amplification of 16S rRNA gene. 3. Agarose gel 

electrophoresis for the confirmation of amplified product. 4. Purification of amplified product 

from agarose gel electrophoresis. 5. Sanger sequencing and post sequence analysis using 

bioinformatics tools. 

3.8 DNA Extraction by Plain Boiling Method: 

To extract DNA from bacterial colonies, simple plain boiling method was used to higher yield of 

DNA. For this purpose, single colony from over- night grown bacteria was picked with micro­

pipette and dissolved in Iml distilled water in an Eppendorf tube. Then each Eppendorf tube 

containing bacterial colony and distilled water was kept at 95°C in water bath for 10 minutes. 

After boiling in water bath, each tube was centrifuged at 1000 rpm for 5 minutes. The 

supernatant having the bacterial DNA was shifted to another separate tube and stored at -20°C. 

The pellet containing the residues was discarded. 
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3.9 Polymerase Chain Reaction: 

3.9.1 Ingredients of PCR: 

• Dream Taq Green PCR Master Mix (2X) (Thermo scientific) 

• Forward primer 27F (5'-AGAGTTTGATCCTGGCTCAG-3) 

• Reverse Primer 1492R (5 '- GGTTACCTTGTTACGACTT-3') 

• Template DNA 

• Nuclease Free PCR water (Thermo scientific) 

All the components of reaction mixture were added in an optimized quantity making the total 

volume of 20 III in PCR tube. 

Table 3.3. Different components ofPCR reaction mixture with optimized quantity 

Sr. No. Components for Master Mix Optimized 

Quantity 

1- Dream Taq Green PCR Master Mix 10111 

(2X) (Thermo scientific) 

2- Forward primer 27F 1.5111 

3- Reverse Primer 1492R 1.5111 

4- Template DNA 5111 

5- PCR water 2111 

6- Total volume of reaction mixture 2Of.l1 

3.9.2 Polymerase chain reaction procedure: 

Template DNA of 5111 was added in each PCR tube separately comprising the total reaction 

mixture of 20111. The primers used for 16S rRNA gene in the PCR reaction mixture were 27F 

(5 ' -AGAGTTTGATCCTGGCTCAG-3) and 1492R ((5'- · GGTTACCTTGTTACGACTT-3'). 

After adding all the ingredients, the PCR tubes were vortexed for short duration so that all the 

components are distributed uniformly. Then PCR tubes having reaction mixture were placed in 

the thermal cycler which was set at the particular conditions for 3 hours . After the completion of 
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PCR cycle, the amplified DNA was obtained and further analyzed on the gel through gel 

electrophoresis. 

Step 1 

950c 

30 sec 

Step 2 

35cyctes 

Step 3 

80c 

Fig 3.4. PCR conditions optimized for bacterial genome. Step 1 explains initial denaturation. 

While step 2 includes denaturation, annealing and extension. Step 3 proceeds towards final 

extension and storage. 

3.10 Gel electrophoresis: 

3.10.1 Set up for gel preparation: 

Before preparing gel solution, the gel casting tray was prepared. Appropriate comb was placed 

and set in the tray and both ends were sealed with the help of tape. 0.6 g agarose powder was 

weighed and taken in the flask. Then 40ml of 1 X T AE buffer was poured in the flask to prepare 

gel mixture. Then buffer/gel mixture was heated in the oven for 30 seconds to melt the powder 

properly. After heating in the oven, the mixture was kept to be cooled till the temperature falls to 

50°e. After cooling down, 4J.lI ethidium bromide was added in the flask having gel mixture. 

Then agarose solution was poured into the gel tray and it was kept for 30-40 minutes to let it 

solidify at room temperature. 
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Fig 3.5. Gel prepared for gel electrophoresis 

After solidification, the comb was removed and gel was placed in the gel tanle Then samples 

were loaded into the wells. 1 O~l of each sample was loaded into the wells. 

lkb ladder GeneRuler™ was also loaded. Enough quantity of running buffer was added to cover 

the surface of gels. Same running buffer was used which was used to prepare gel. Then the leads 

of gel box were attached to the power supply. The power supply was set at the 90 voltage and gel 

was run for 40 minutes. 

Fig 3.6. Gel tank and samples loading into the wells 
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Table 3.4. Components for gel preparation with optimized concentrations 

Sr. No. Gel ingredients Quantity 

1- Agarose powder O.6g 

2- IX TAE Buffer 40ml 

3- Ethidium Bromide 4/ll 

3.11 Visualization of DNA fragments: 

After the completion of gel electrophoresis, power supply was turned off and the lid of gel tank 

was removed. Then gel was removed from the gel tray and unnecessary buffer was removed 

from the surface of gel. Gel was exposed to UV light. UV trans- illuminator was used to 

visualize DNA bands. The gel slice was cut at the position where sharp and clear bands 

appeared. Pictures were captured and gel was carefully discarded. 

Fig 3.7. Cutting of gel slice having desired band 

3.12 Gel Purification of peR Products: 

Thermo Scientific GeneJET PCR Purification Kit was used for the purification of PCR products. 

Following steps were performed to purify PCR products: 
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• First of all, the weight of gel slice having was determined and then binding buffer was 

added in 1: 1 to the completed PCR mixture. 

• Then PCR tubes were placed in hot plate at the temperature of 65°C for 10 minutes to 

melt the gel completely. Inverted mixing was done to homogenize the mixture. Then 

mixture was vortexed briefly. 

• The mixture was then transferred to the GeneJET purification column and centrifuged for 

30-60 seconds. Flow trough was discarded. 

• 700J.t1 Wash Buffer was added to the GeneJET purification column and then centrifuged 

for 30-60 seconds. The flow through was discarded and purification column was placed 

back into the collection tube. 

• Empty GeneJET purification column was again centrifuged for additional 1 minute to 

completely remove the residue material. 

• The GeneJET purification column was transferred to sterile micro centrifuge tube having 

1.5ml capacity. 

• 30J.t1 elution buffer was added to the center of GeneJET purification column membrane 

and centrifuged for 1 minute. 

• The GeneJET purification column was then discarded and purified DNA was stored. 

36 



Chapter 3 

G el e x c ision 

I 

Shift to spin column 

Binding and 
centrifugation 

Centrifugation 

./ 

Add elusion 

Add 1 : 1 b inding buffer 
and melt 

C Centrifugation 

Material and Methods 

Add wash buffer 

o Centrifugation 

• Store 

Fig 3.8. Schematic representation of gel purification protocol 

3.13 Sequencing of 16S rRNA gene: 

After the purification of PCR products, they were processed for sequencing to CEMB in Lahore. 

The sequencing was carried out using forward primer 27F (5'-AGAGTTTGATCCTGGCTCAG-

3) by the Sanger Sequencing Method. 

3.14 Phylogenetic analysis: 

After 16S rRNA gene sequencing, the sequences were compared to the reference sequence 

retrieved from the NCBI (National center for Biotechnology Information) for phylogenetic 

analysis. BLAST tool was used for the comparison of similarity index. The most similar 

sequences having highest similarity index were selected and aligned using the software MEGA 

x. The phylogenetic tree was constructed using the same software by using maximum likelihood 
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method at 1000 bootstrap value. The maximum likelihood method predicted the evolutionary 

relationship of the strains to the closely related strains. 
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4 Results 

In this study, we revealed the diversity of bacteria isolated from six cosmetic products of various 

brands. Total n=14 bacterial colonies were obtained through culturing which were identified on 

the basis of biochemical as well as molecular characterization. The tested products were taken 

from famous brands. The names of brands are not mentioned in the study due to 

commercialization issues. 

Table 4.1. Products used for study and bacteria isolated from them 

Sr. Cosmetic lJacterialisolates 
No. products 
1- Foundation T12,Tl,T2 

2- Eye shadow 1 T3,T4 

3- Eye shadow 2 Tll ,T7 

4- Lip gloss T8,T6,Tl12 

5- Sunscreen TIO,TI03 

6- Primer T14,T9 

4.1. Observation of strains on TSA plates: 

Different bacteria were grown on plates having TSA media after 24 hours of incubation at 37°C. 

No contamination was observed in negative control and plates inoculated with samples. Multiple 

bacterial colonies were obtained after 24-48 hours of incubation. Bacterial growth was optimum 

at temperature 37°C. 
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Fig 4.1 A represents un-inoculated plate ofTSA plate 

Fig 4.1B represents the bacterial colonies obtained after inoculation were mostly yellow, 39 

brown, and white in color and rest were transparent 
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4.2. Biochemical tests: 

Various biochemical tests were performed to identify bacterial isolates which included SIM 

(Sulfur, Indole, and Motility), MacConkey Agar, Simmons citrate Agar, and Urease and Starch 

hydrolysis test. 

4.2.1. SIM test: 

4.2.1.1. Sulfur test: 

Sulfur test was done to identify isolates which were gram negative enteric bacillus based on the 

production of hydrogen sulfide gas which caused the formation of black precipitates. Four 

isolates showed positive Sulfur test while all other isolated were negative. 

A B 

Fig 4.2. A represents the sulfur positive isolates while B represents the sulfur negative isolates 

4.2.1.2. Indole test: 

This test aimed at the differentiation of gram negative bacteria based on the production of 

hydrolysis of tryptophan. Indole positive bacteria produced pink to red color ring on the top 

surface of media while no color change was observed for indole negative bacteria. Five bacteria 

gave indole positive test while rest of them gave negative test. 

Fig. 4.3. Represents the bacteria which showed indole positive test. 
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4.2.1.3.Motility test: 

Motility test identified the strains which were motile and could move from those which were 

non-motile. The motile isolates produced turbidity and cloudiness in medium while non-motile 

isolated grew along the stab line only and did not produce any turbidity. 

A B 

Fig.4.4. Represents the results of motility test 

Table 4.2. Represent the bacterial isolates which showed positive and negative sulfur, motility 
and indole test. 

Sr. Bacterial Sulfur test Motility test Indole test 
No. isolate 

1- TI Negative Positive Negative 

2- T2 Positive Positive Positive 

3- T3 Positive Positive Negative 

4- T4 Positive Negative Negative 

5- T1l2 Negative Positive Negative 

6- T6 Negative Positive Positive 

7- T7 Negative Positive Positive 

8- T8 Negative Positive Negative 

9- T9 Negative Positive Positive 

lO- TIO Negative Positive Positive 

11- Tll Positive Positive Negative 

12- Tl2 Negative Positive Negative 

13- TI03 Positive Positive Positive 

14- Tl4 Negative Negative Positive 
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4.2.2. Simmons Citrate test: 

Simmons citrate test was used to identify gram negative bacteria on the basis of citrate 

utilization. It was typically used to differentiate Enterobacteriaceae. Citrate positive bacteria 

changed the color of media from green to bright blue while citrate negative bacteria did not 

change the media color. Four isolates were found to utilize citrate as energy source while rest of 

isolates were unable to do so. 

Fig.4.5 Results of Simmon citrate Agar test 

4.2.3. MacConkey Agar test: 

MacConkey agar test was used for the differentiation of gram negative bacteria on the basis of 

their ability to ferment lactose. Gram positive bacteria did not grow on MacConkey agar. Lactose 

fermenting bacteria grew as pink to red colored isolates while some bacteria grew as colorless 

colonies due to their inability to ferment lactose. Only two bacteria appeared as pink colonies 

and were lactose fermenting whereas rest of them were non-lactose fermenting. 
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Fig.4.6. Results of MacConkey Agar test which showed that almost all bacteria grew 

transparent as non-lactose fermenting while two strains were pink and lactose fermenting. 

Table. 4.3. Genomic DNA quantification obtained by plain boiling method 

Sr.No. Isolates nglf.1L 260/280 

1- T1 62.5 1.46 
2- T2 60.59 1.38 

3- T3 56.5 1.45 
4- T4 67.56 1.76 

5- T5 50.75 1.78 
6- T6 55.32 1.87 

7- T112 46.6 2.06 
8- T7 62.2 1.52 

9- T10 55.67 1.47 
10- T12 49.5 1.98 

11- T14 63.55 1.63 
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4.2 Gel Electrophoresis: 

After the completion of PCR, the products were visualized on 1.5% agaose gel. 5-1 O~l PCR 

products were loaded into the wells and run for 30-45 minutes at 90V. lkb ladder was used for 

the comparison of product size. 

Fig.4.7. represents the PCR products of 1500bp comapred with ladder of lkb size. 

4.3.Sequencing of peR Product: 

PCR products were purified and processed for sequencing using single universal primer 27F (5'­

AGAGTTTGATCCTGGCTCAG-3) based on 16S rRNA gene. The sequencing results were 

analyzed after generation of chromatogram and through phylogenetic tree construction. 
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Fig.4.8. Representation of chromatogram of isolate T12 using bioedit 
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4.4.Sequencing analysis: 

After sequencing, the BLAST was used for comparing the sequences with reference sequences. 

The most similar sequences were retrieved from NCBI. Sequencing results indicated one strain 

of Cytobacillus oceanisediminis and another identified as Sphingomonas paucimobilis. Others 

included Cytobacillus jirmus, Acinetobacter junii, Robertmurraya andreesnii and Falsibacillus 

pallidus. 

4.5.Construction of Phylogenetic tree: 

Mega X was used to analyze the sequence of nucleotides of the bacteria isolated from cosmetics 

products in comparison with the reference sequence of nucleotides of bacteria from all over the 

world. Maximum likelihood method was used to evaluate the evolutionary history of strain. 

Phylogenetic analysis showed that isolate QAUT10R showed similarity to the Acinetobacter 

junii strain isolated from China while QAUT7 strain showed most similarity to the Cytobacillus 

oceanisediminis strains found in Russia and China. QAUTII had shown evolutionary relation 

with bacterium Falsibacillus pallidus isolated from China. QAU 112 isolate was significantly 

similar to the Cytobacillus strain found in China. QAUI03 strain showed great similarity to 

Sphingomonas paucimobilis and also with bacillus strains found in China and America. 

QAUT12 was found to be greatly related to the Robertmurraya andreesnii isolated from 

America. 
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jVR 112635.1:35-999 Cytobacillllsfirllllls straill NBRC 15306 Japall 

'---- NR 117285,1: 1-950 C:I'tobaeilllls oeMnlsediminis stram H2 China 

'------- NR 146034.1 :26-974 01obacll/us deprcssl/s sl1'ain BZ1 China 

'--------- NR 147382,1:65-997 Bacilllls dakal'c11s1S sl1'ain Marseillll-P3515 F1'Gllce 

"----------- NR 043267.1 :1-960 Baeil/l/S f1ifalltiS st1'Gin S.\lC 4352·1 Korea 

Q..l['101 Sphillgolllollas pallcilllobilis Pakistall ] 

NR Spilillgolllollas pallcilllobilis straill ..lTCC 29837 ('SA 

.------ NR Sphingolllonas palleimobilis sl1'ain OS·64 Filliand 

NR Sphingomonas pal/chl/obilis S11'1lin DSM 30198 Swede!! 
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~ig 4.9. Representation of phylogenetic tree of isolates constructed through maximum likelihood method 

from n=14). The reference sequences were obtained from Genbank by using BLAST. QAUT7F which was 

dentified as Cytobacillusfirmus, QAU 103 identified as Sphingomonas paucimobilis , QAU 12R identified as 

~obertmurraya andreesnii. Only the most relevant search results were included in the references. 
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Results 

Fig 4.10. Representation of phylogenetic tree of isolates constructed through maximum 

likelihood method (from n=16). The reference sequences were obtained from Genbank by using 

BLAST_ QAUTllF was identified as Falsibacillus pallidus and QAUI0F was identified as 

Acinetobacter junii. 

2VR Cytobactllus gotrheiltt slt'ain WCC 45S5 Gel7l7any 

NR 146034.1 :2-1076 Cylobacillus depl'i!Ssl/S slt'ain BZ1 Chma 

L...----- NR 1162S7.1:2-1072 Falsibactlluspallidus sn-am CW7 Chma 

L...-_______ NR 043267.1: 1-1062 Bacilh,s 11ljanrts Strain SJ1C 4352-1 KO/'M 

L...-_________ NR 11 72S5.1: 1-1052 C)1obacilllls oceantsemmi77is strain H2 China 

QAr 112 Cytobacilllls otemrisedilllillis Pakistall 

NR Cytobacilllls oceanisedilllillis strain H2 China 

'---------------- NR 112635.1:25-1101 Cytobacillllsfi77I11IS slrai7JNBRC 15306 Japan 

t------------------ lvRl09140.1:45-1119CylobacillllsjmIJIIS slt·ain l4.JiI12464 Japan 

NR 116851.1:45-1119 Cytobacillllsfi77I7IlS slt·ainNCI.\,IB 9366 r;x 
NR 151979.1:45-1119 C}1obacillusfi77I1I1S SMtiH JC}vI2512 Japan 

Fig 4.11. Representation of Phylogenetic tree of isolate QAU112 (identified as Cytobacillus 

oceanisedminis) constructed through maximum likelihood method (from n=lO). The reference 

sequences were obtained from Genbank by using BLAST. 
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Discussion 

The cosmetic products are inhabitable companion of everyone in daily life which enhances the 

elegance of the personality. The use of cosmetics has become indispensable as they are not 

merely used to improve the appearance but also to keep the body in healthy state. They are used 

for various purposes such as to keep the body clean, for skin protection, for protection from odor 

and to keep mucosal membrane intact (Goossens, A. 2011). Cosmetics also act as important 

vehicle for transmission of pathogens to humans due to which concern about their use and safety 

is rising with passage of time. They harbor a wide variety of microbes due to contamination from 

various sources which cause mild to severe allergic reactions leading to complicated life­

threatening infections. 

According to the recent research in Aston University, scientists have detected the harmful 

bacteria in cosmetics like E.coli and Staphylococcus in mascara, eye liner, creams and different 

applicators . More than 450 types of cosmetics products were analyzed and approximately 79 to 

90% contamination level was detected due to presence of Cfreundii, Enterobacter, 

Pseudomonas and Staphylococci. These bacteria when gain access to the body fluids after 

invading the skin barrier cause severe infections like diarrhea, infection of wounds and blood 

poisoning . Several studies have shown the most abundant strains found in cosmetics were 

Bacillus, Pseudomonas and various fungi and molds. However, after testing on different 

products the researchers did not find any dangerous bacteria but normal skin flora which do not 

have any kind of side effects. Some of the bacteria and molds which cause severe infections were 

isolated for example, S.epidermidis, S. hominis, B. circulans, P. lateus. (Kim et al. 2020). 

The diagnosis of bacteria isolated from cosmetics is quite a challenging task as different methods 

have been used for their identification. The identification of infectious bacteria is important for 

the management of patient health and control of disease transmission. The gold standard for the 

identification of bacterial pathogens in diagnostics lab is culture and biochemical testing. They 

are used for evaluating and tracing the outbreak of a particular disease based on morphology, 

metabolite production and colony growth. It is most inexpensive and easy protocol for bacterial 

identification in diagnosis. But it has certain limitations due to difficulty in culturing many 

bacteria such as strict anaerobe bacteria are difficult to culture and most of the bacteria exhibit 
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same morphology and patterns due to belonging to the same family, so it becomes quite difficult 

to differentiate them on the basis of their shape and growth patterns. The metabolic and 

phenotypic profile of some bacteria get change due to fluctuation in external factors . Thus, 

culture and biochemical testing approach is not ideal one for bacterial identification. (Bullock et 

al. 2013). 

Molecular characterization is the most ideal and accurate method for identification of bacterial 

isolates. Generally, identification is carried out on the basis of 16s rRNA gene, rpoB gene, 23s 

and 5s rRNA gene. The identification based on 16s rRNA gene is one of the best methods for the 

identification of novel and non-cultivable bacteria. This method requires only DNA of the 

bacteria to be tested and accurately identifies those bacteria which are misidentified from 

conventional approaches. 16s rRNA gene is persistent and conserved in all bacteria, also its 

universal presence and size make it the best methodology for diagnosis. (Muhammad Rizal et al. 

2020). 

Current research studies have revealed bacterial diversity in cosmetics in terms of pathogenic as 

well as beneficial impacts. Sphingomonas paucimobilis is one of the bacteria isolated from 

cosmetics in my research work. It is a gram negative, aerobic and opportunistic pathogen and 

causes infections in immunocompromised individuals (Toh et al. 2011). It causes soft tissue 

infection characterized by fluid and puss exudates from deep tissues. It is also reported to cause 

symptoms of pneumonia resulting in severe difficulty in breathing (Bayram et al. 2013). It is not 

just significant in clinical terms but it has significant importance in environment as it is the 

fundamental agent used in bioremediation. This bacterium has ability to degrade the aromatic 

compounds and it is an effective and ecofriendly tool for the degradation of pollutants and 

carcinogenic compounds from the soil. These bacteria can be used for in-situ bioremediation 

after enhancing the production of biomass in bioreactors. Further work and research is needed to 

explore and uncover the capacity of this bacteria to perform the bioremediation and make our 

environment free of harmful substances. Recombinant DNA technology can be used to identify 

the genes responsible for bioremediation and recombinant strains can be developed to remediate 

the environment (Jaafar and R.S. 2019). 

Another bacterial strain isolated from cosmetics m my research work is Cytobacillus 

oceanisediminis. It is a gram positive, rod shaped and aerobic bacteria and found in marine 
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sediments. It is not known either it is pathogenic or not pathogenic. It helps in the fermentation 

by the production of acetate, lactate and ethanol. They play an important role in 

biomineralization. It is a novel strain reported to be isolated from marine system. Further 

research is needed to explore its potential and its effects on humans and animals (Zhanng et al. 

2010). 

Acenitobacter has been isolated from cosmetic products. It is a gram negative bacteria and 

coccobacillus in morphology. It is a well-known infectious agent and has ability to colonize the 

skin, gastrointestinal tract and respiratory pathways. It has been reported to cause severe form of 

pneumonia associated with ventilator. It is a notorious pathogen and also a causative agent of 

blood infection as well as urinary tract infection (Visca et al. 2011). It is one of the pathogens 

involved in eye infections and damages the eye epithelium which leads to the corneal ulcer. 

Corneal ulcer is one of the most common diseases caused due to use of contaminated mascara 

and eyeliner (Broniek et al. 2014) . 

Robertmurraya andreesnii strain is another bacterium isolated in my research work. It is a gram 

positive, motile and rod shaped bacterium. It is an opportunistic bacterium and causes 

gastrointestinal infections. It is reported to cause endocarditis, blood infection, pneumonia and 

skin infection. It causes morbidity in immunocompromised patients and in people having 

diabetes or serious injuries (Esmkhani et al. 2022). 

Bacillus firmus has been isolated from one of the cosmetics samples. It is a gram positive, 

aerobic bacterium. It is not known to have pathogenic effects on humans and does not cause any 

significant disease to humans. It has significant importance in promoting plant growth by 

interfering and inhibiting the nematode and cysts growth (Huang et al. 2021). It is also used for 

the preparation of animal feed as probiotic supplements which have played significant role in 

improving animal health (Mingmongkolchai et al. 2018). 
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Conclusion 

Different bacteria have been isolated from cosmetics products which include Sphingomonas 

paucimobilis, Cytobacillus oceanisediminis, Falsibacillus pallidus, Acinetobacter, Bacillus 

firmus and Robertmurraya andreesnii. Some of these bacteria are pathogenic and have capacity 

to cause numerous kinds of infectious diseases. Whereas beneficial bacterial components have 

been derived from these bacteria which have the potential to give maximum benefits to us and 

environment as well. The bacterial count should be zero in these products because at certain 

stage they may cause serious harms to human health. However, some strains are still unknown 

that whether they are pathogenic are not and there is dire need to explore and check the 

metabolic profile of these bacteria so that they can employed for therapeutic purpose. 

Future prospects: 

Bacterial diversity in cosmetics has immense significance in terms of health as well as in 

conferring benefits to the environment. Although a large number of pathogenic bacteria have 

been reported to be isolated from cosmetics in different countries but on the other hand, a large 

number of beneficial bacterial components have been introduced in cosmetics to attain maximum 

benefits. Bacterial components are now being utilized to manufacture skin friendly cosmetics 

which are used to treat certain skin disorders. Bacillus species are widely used to make best 

quality moisturizers for skin and in anti-aging creams. Topical ointments have been prepared 

with the addition of certain bacteria which make pleasant and smooth texture of skin and 

minimize the scars and wrinkles. Sphingomonas paucimobilis could be utilized for remedy of 

environment. It can be modified in the way that its pathogenicity is reduced to the minimum 

level and thus can be used for the bioremediation. 

Cytobacillus oceanisediminis can make significant contribution in production of important 

metabolites and aid in bio-mineralization process. Bacillus strains isolated from cosmetics can 

give benefits in tenns of production of animal feed and probiotics. They are also successfully 

used for promoting the health of plants. However, any pathogenic strain can compromise the 

desired beneficial effects of the cosmetics. 
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Recommendations: 

The safclY of cosmetics should bc assured at every point and should not be compromised. There 

should be propel' labeling of manufachlring and expi ry dates as well on the products. Necessa ry 

tests should be conducted on the products to aSS llre that it is safe to usc and app ly and will np t 

cause ,my kind of infection. Proper protocols and precautionary measures should be adopted by 

the manufacturing companies to minimize the risk of contamination in products. Personal 

hygiene measures should also be followed by the lIser to ensure the best health of skin. 

Regulatory authorities should assess and mOlljlor the safety of cosmetics as they arc the most 

important part of our dai ly rOlltine. The molecular methodologies are best and ideal approaches 

fo r genome-based identi ficatioll of bacteria rather than traditional approaches. 16S [RNA gene 

sequencing is the most suitable approach for identification of different bacterial strains and 

carried out with ski ll s and expertise within short time. 
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Appendix 

Appendix 

MacCkonkey Agar Media 

Ingredients Quantity (giL) 

MacConkey Agar 51g 

Simmon Citrate Agar 

Components Quantity 

(giL) 

Magnesium sulfate 0.2 

Monoamonium phosphate 1 

Dipotassium phosphate 1 

Sodium citrate 2 

Sodium chloride 5 

Bromothymol blue 0.08 

Agar 15 

Final pH 6.8 to 7 

lOX TAE Buffer 

Ingredients Concentration 

Tris-base lO8g 

Acetate Acid 55g 

0.5MEDTA 40ml 

pH 8.0 

65 



Appendix 

1.5% Agarose gel 

Ingredients Quantity in 40ml 

lXTAE 40ml 

Agarose 0.6g 

66 



thesis 
ORIGINALITY REPORT 

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS 

PRIMARY SOURCES 

pubmed.ncbLnlm.nih.gov 
Internet Source 

• epdf.tips 
Internet Source 

Submitted to University of Kent at Canterbury <1 % Student Paper 

• Submitted to Higher Education Commission <1 0/0 
Pakistan 
Student Paper 

Submitted to CVC Nigeria Consortium <1 % Student Paper 

• Takahiro Tanaka, Ryosuke Abe, Kazuaki Aoki, <1 % 
Kinya Fujita. "Interruptibility Estimation Based 
on Head Motion and PC Operation", 
International Journal of Human-Computer 
Interaction, 2015 
Publication 

www.freepatentsonline.com <1 0/0 Internet Source 


