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Purpose: Microbial contamination of different cosmetic preparations, as a result of preservative 

failure, presents a major public health threat. Also, most of the known preservatives have serious 

consumer side effects. The antimicrobial activity of zinc oxide nanoparticles (ZnO NP) is well 

documented. Therefore, we aimed to determine the possible use of unirradiated and γ-irradiated 

ZnO NP as a cosmetic preservative.

Methods: The possible use of ZnO NP as a preservative was tested and compared to com-

monly used preservatives using a challenge test. Their activity was tested in six different types 

of preparations. The effect of γ radiation on the antimicrobial activity of ZnO NP was tested 

through determination of the obtained zone diameters against different microorganisms and the 

total aerobic microbial count in tested preparations. The antimicrobial activity, of unirradiated 

and γ-irradiated ZnO NP during storage was also determined.

Results: ZnO NP were superior to other commonly used preservatives in all tested cosmetic 

preparations. They pass the challenge test in all types of tested preparations. γ irradiation 

enhanced their antimicrobial activity in all tested preparations. The irradiation causes a reduction 

in NP sizes that is directly proportional to the applied radiation dose. Upon storage, ZnO NP 

were effective in maintaining the microbial count of the product within the acceptable range. 

Their activity in stored products was enhanced by γ irradiation.

Conclusion: Unirradiated and γ-irradiated ZnO NP can be used as effective preservatives. 

They are compatible with the components of all tested products. γ irradiation enhanced the 

antimicrobial activity of ZnO NP.

Keywords: antimicrobial activity, challenge test, γ irradiation, particle size, preservative, zinc 

oxide nanoparticles

Introduction
Microbial contamination of cosmetics is very crucial because of their daily use and 

direct contact with the skin. Their contamination arises from various sources such as 

environment, raw materials, and manufacturing process.1 Several studies have revealed 

that cosmetic products may be contaminated with pathogenic microorganisms to 

different levels.1–4 Escherichia coli, Pseudomonas species, Staphylococcus species, 

and Bacillus species were the most commonly recovered bacteria from cosmetics.5,6

Contamination with pathogenic organisms can adversely affect the product stability 

and cause hazards to consumer health.7 In addition, commonly used preservatives such 

as parabens, sodium benzoate, and phenoxyethanol have a well-known skin-sensitizing 

potential, and repeated exposure is responsible for the occurrence of contact allergy, 

especially when combined with other allergens and skin irritants.8 The cosmetic 
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industry is also facing some restrictions regarding the use 

of some preservatives like parabens, which are accused 

of causing breast cancer.9 Therefore, there is a need for 

incorporation of more safe and effective antimicrobial agents 

in cosmetics.

Inorganic powders such as zinc oxide (ZnO) represent 

a promising alternative to these harmful organic preserva-

tives. ZnO is listed as “generally recognized as safe” by 

the US Food and Drug Administration (21CFR 182.8991) 

and is widely used in topical pharmaceutical preparations.10 

Several mechanisms have been proposed to account for 

the antimicrobial activity of ZnO: photochemical reactions 

coming from the semi-conductive properties of ZnO which 

generate reactive oxygen species capable of damaging the 

cell membranes of microorganisms, the partial dissolution 

of ZnO particles which releases cytotoxic Zn2+ ions in water, 

and the adsorption of ZnO particles onto the microbial cells 

that destabilizes the microbial cell walls.9 The compatibility 

of ZnO with different formulation ingredients in some topical 

preparations had been described by Pasquet et al.10

Nanotechnology represents a new research area of 

modern science. The antimicrobial activity of metal oxide 

nanomaterials has become of great concern. Their inhibitory 

effect on both Gram-positive and Gram-negative bacteria 

has been recently reported and zinc oxide nanoparticles 

(ZnO NP) exhibited the best activity compared to all tested 

metal oxide nanomaterials.11 Nanosized particles of ZnO 

have been claimed to possess pronounced antimicrobial 

activities than larger particles; considering the fact that the 

small size (less than 100 nm) and the high surface-to-volume 

ratio of NP allow for better interaction with bacteria.12 

Pasquet et al9 revealed that the antimicrobial properties of 

ZnO particles are highly affected by its physicochemical 

properties. This phenomenon may not be prominent in the 

NP of ZnO due to their small diameter which helps in their 

dispersion in solutions.

Swaroop et al13 reported an increase in the antibacte-

rial properties of ZnO NP with γ irradiation, on two tested 

Gram-negative bacteria (Klebsiella pneumoniae and 

P. aeruginosa). However, there are no studies considering 

the effect of γ irradiation on the antimicrobial properties of 

ZnO NP against other organisms. In this regard, ionizing 

radiation has been reported to modify the specific surface 

area of some solids.14

This study aimed to test the possible use of ZnO NP, either 

unirradiated or γ-irradiated, as a safe compatible effective 

preservative in different cosmetic preparations. The sus-

tainability of this preservative effect upon storage was 

also tested.

Materials and methods
samples
Six types of cosmetic products, without the addition of any 

preservatives, were used: sunblock cream, foundation cream, 

moisturizing cream, body lotion, face cream, and scrub 

cream. The constituents of the tested products are given in 

Table S1. They were supplied by Dr Joe Factory and Jolly 

for cosmetics, Cairo, Egypt. All the samples were stored at 

4°C until use. Prior to use, the samples were inspected for 

any physical defects. Propylparabens and phenoxyethanol 

were supplied by Dr Joe Factory and Jolly for cosmetics, 

respectively. ZnO NP with diameter of 1–100 nm were pur-

chased from Sigma-Aldrich (code: 544906, St Louis, MO, 

USA). They have a formula weight of 81.39 g mol-1 and a 

specific surface area of 15–25 m2g-1.

Microorganisms
Standard microorganisms were purchased from VACSERA 

(Giza, Egypt), and these were P. aeruginosa (ATCC 27856), 

E. coli (ATCC 25922), S. aureus (ATCC 25923), Candida 

albicans (ATCC 90028), and Aspergillus niger (ATCC 22343). 

In addition, P. aeruginosa, E. coli, S. aureus, and C. albicans 

isolates that were previously recovered from contaminated 

cosmetic preparations were also included in the study.

γ Irradiation facility
All irradiations were performed using the cobalt-60 source 

(Gamma cell 4000A, India) located at the National Center for 

Radiation Research and Technology, Cairo, Egypt. A dose 

rate of 1.77 kGy h-1 was used for the experiment.

Minimum inhibitory concentration 
and minimum bactericidal/fungicidal 
concentration of ZnO NP
The minimum inhibitory concentration (MIC) of ZnO NP 

was determined by broth macrodilution method accord-

ing to the Clinical and Laboratory Standards Institute 

recommendations.15 ZnO NP were used in a concentration 

range of 0.01–2.5 µg mL-1. One milliLiter of each tested 

microbial strain, at 5×106 CFUmL-1 inoculum density, 

was added to different ZnO NP concentrations. They were 

incubated at 37°C for 24 h. The MIC values were taken as 

the lowest concentration of ZnO NP solution that inhibits 

the microbial growth. The minimum bactericidal/fungicidal 

concentration (MBC/MFC) was determined by subculturing 

50 µL from each test tube showing no apparent growth on 

tryptic soy agar and Sabouraud dextrose agar plates, respec-

tively, and incubating the plates at 37°C for 24 h. The least 

concentration of the test solution showing no visible growth 
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(less than 10 CFU/plate) after subculturing was taken as 

MBC for bacteria and MFC for C. albicans. All measures 

were taken in duplicate.16

Efficiency of ZnO NP as a preservative 
compared to some commonly used 
preservatives
A challenge test was used to investigate the efficiency of 

ZnO NP as a compatible preservative in the tested cosmetic 

preparations.17 Freshly grown culture of the test organisms 

P. aeruginosa (ATCC 27856), E. coli (ATCC 25922), 

S. aureus (ATCC 25923), C. albicans (ATCC 90028), and 

A. niger (ATCC 22343) were harvested in sterile saline and 

adjusted to a density of 1×108 CFUmL-1. They were then 

used for inoculating 30 g of each cosmetic preparation, in 

aseptic state, to reach a final inoculum of 106 CFUg-1. Each 

product was divided into three equal parts and the test preser-

vatives were added in the following concentrations: ZnO NP 

(0.62 µg g-1), propylparabens (0.3%), and phenoxyethanol 

(2%).18,19 All inoculated samples were shaken and incubated 

at 25°C for 28 days. Two grams of the inoculated samples 

were removed on days 0, 7, 14, and 28 and serially diluted in 

saline to determine their total aerobic microbial count. The 

efficiency of the dilution as a neutralizer of the preservative 

activity was confirmed through validation of the recovery 

of tested organisms.

According to United States Pharmacopeia (USP) 2014, 

the preservative in a tested sample will pass the test if it 

causes a reduction in the total aerobic microbial number of 

the challenging bacteria by .2 log reduction, from the initial 

count after 14 days, and no increase from the 14 days count 

after 28 days of challenge, and no increase from the initial 

count after 14 and 28 days of challenge with fungi.17

antimicrobial activity of γ-irradiated ZnO 
NP in cosmetic preparations
The use of γ irradiation in microbial decontamination is 

advantageous for finished cosmetic products as well as raw 

materials. This method does not leave residues that can be 

harmful to workers or consumers.20 In addition, γ irradiation 

was found to enhance the antimicrobial activity of ZnO NP.13 

Therefore, the antimicrobial activity of in situ γ-irradiated 

ZnO NP was determined through measurement of their inhi-

bition zone diameter against different standard and isolated 

microbial strains as well as through determination of their 

effect on the total aerobic microbial count of the different 

tested preparations.

ZnO NP were added to each preparation at their MIC 

(0.62 µg g-1). The preparations were then divided into 

equal parts and exposed to different γ radiation doses (1, 3, 

5, 7 kGy). γ-Irradiated cream portions without ZnO NP were 

used as a control.

Determination of inhibition zone diameters against 
different standard and isolated microbial strains
Overnight cultures of standard and isolated test organisms 

(S. aureus, P. aureginosa, E. coli, and C. albicans) were 

diluted to 5×106 CFU mL-1 in nutrient broth and streaked 

on the surface of solidified tryptic soy agar and Sabouraud 

dextrose agar plates for bacteria and C. albicans, respec-

tively. Wells were then made in the inoculated agar plates 

and loaded with 50 µg of tested cream portions. The plates 

were incubated overnight at 37°C, and the diameters of the 

inhibition zones were then determined. The inhibition zone 

diameters were considered as a measure of the antimicrobial 

activity of irradiated ZnO NP in different tested preparations 

against standard and isolated microbial species.21

Determination of the total aerobic microbial count 
in tested preparations
One gm from each tested preparation was mixed with 9 mL 

sterile saline-tween and tenfold serial dilution was made in 

the same diluents. Aliquots of 0.1 mL were taken from each 

dilution and spread, in duplicate, on sterile plates contain-

ing tryptic soy agar. They were incubated at 35°C±2°C and 

examined daily for up to 72 h. The mean of the count of 

duplicate plates was reported in CFUmL-1.

Testing the possible effect of γ irradiation 
on the size of NP
Dry ZnO NP powder was suspended in deionized water at a 

concentration of 0.62 µg mL-1. This was sonicated at room 

temperature for 10 min to form a homogenous suspension. 

The resulting solution was divided into two portions and 

irradiated with either 3 or 7 kGy γ radiation doses, at room 

temperature. The average particle size of all samples was 

studied using Dynamic light scattering (DLS; Malvern, 

Malvern, UK) and transmission electron microscope (TEM; 

JEM-2100, Jeol USA, Inc., Peabody, MA, USA).22 The par-

ticle size of unirradiated solution was used as control.

antimicrobial activity of unirradiated 
and γ-irradiated ZnO NP during product 
storage
The antimicrobial activity of ZnO NP during product storage 

was tested. Each product was divided into three equal parts 

in separate containers; ZnO NP (0.62 µg mL-1) were added 
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to two of them, and one of the ZnO NP-containing prepara-

tions was exposed to γ irradiation dose of 7 kGy (the highest 

effective dose). The third container was used as a control 

with no added preservative. The containers were stored for 

10 months, and samples were withdrawn every 2 months 

for the determination of total aerobic microbial count, as 

described in the “Determination of the total aerobic microbial 

count in tested preparations” section.

Results and discussion
MIc and MBc/MFc of ZnO NP
The MIC and MBC were the same for both the standard and 

isolated microorganisms: 0.31, 0.16, 0.62, and 0.31 µg mL-1 

for E. coli, S. aureus, P. aeruginosa, and C. albicans, respec-

tively. This indicated that ZnO NP are bactericidal in nature. 

The differences in the susceptibility of bacteria to ZnO NP 

was previously reported to be related to the differences 

in the cell wall structure, cell physiology, metabolism, or 

the degree of contact.23 The high MIC value recorded with 

P. aeruginosa indicated its higher resistance to ZnO NP, 

compared to other tested bacteria, which may be due to its 

intrinsic resistance caused by low intrinsic cell wall perme-

ability and multiple efflux systems.24 Higher MIC values 

of ZnO NP against E. coli and S. aureus (6.25 µg mL-1 for 

both) were reported by Singh et al.12 Also, Yousef et al25 

reported higher MIC values for ZnO NP against different 

organisms. This variation in the MIC values in different 

studies may be attributed to the difference in the method 

used for the preparation of NP, which can affect their par-

ticle size.25,26 Several mechanisms were proposed for the 

antimicrobial activity of ZnO NP including the generation 

of reactive oxygen species and the release of toxic zinc ions 

which can inhibit the active transport and disturb amino 

acid metabolism.27

The efficiency of ZnO NP as a 
preservative compared to some 
commonly used preservatives
The challenge test revealed that ZnO NP were superior to 

propylparabens and phenoxyethanol (the most commonly 

used preservative). ZnO NP were capable of fulfilling the 

USP criteria for preservatives used in topical aqueous prepa-

rations in all tested cosmetic preparation types, indicating 

their compatibility with different preparation constituents 

(Figure 1). On the contrary, propylparaben was effective 

as a preservative and fulfilled the USP criteria for preser-

vatives in only the sunblock, moisturizing cream, and the 

body scrub preparations. However, it failed USP criteria as 

a preservative in the foundation cream, body lotion, and the 

face cream (Figure 2). This may be caused by its incom-

patibility with various components of these preparations. 

Phenoxyethanol failed to fulfill the USP preservative 

criteria by the challenge test in any of the tested  preparations 

(Figure 3).

Failure of nonsterile products preservative is well 

documented. Sutton and Jimenez28 reported that 15% of 

nonsterile product recalls in the years 2004–2011 were 

due to microbial contamination. Several cosmetic products 

recalls due to microbiological contamination still occur 

frequently.29 Therefore, this study highlights the efficiency 

of ZnO NP as a superior preservative to propylparaben and 

phenoxyethanol. Its safety is well documented. The Scientific 

Committee on Consumer Safety of the European Commis-

sion has documented the safety of using ZnO NP in topical 

preparations as an ultraviolet filter in concentrations up to 

50% without any toxic in vivo effect, either acute or chronic. 

They reported that ZnO NP either coated or uncoated do 

not penetrate the skin. They have the advantage of being 

transparent compared to the larger ZnO particles.30 Several 

studies also documented the lack of acute dermal toxicity, 

sensitization, and irritation on using ZnO NP.31,32 The US 

Food and Drug Administration does not approve cosmetic 

preparations prior to market use. It issued a guidance on 

the safety of nanomaterials in cosmetic products, in June 

2014.33 Since then, ZnO NP have been incorporated in a lot 

of sunblock preparations,34 and there has been no documented 

FDA product recall due to its use.35

antimicrobial activity of γ-irradiated 
ZnO NP in cosmetic preparations
The antimicrobial activity of γ-irradiated ZnO NP in the 

tested cosmetic preparations was confirmed by the presence 

of inhibition zones as well as by the reduction in the total 

aerobic microbial count in all tested cosmetic preparations 

compared to the control (Figures 4 and 5). Cosmetics without 

ZnO NP did not show any inhibition zone against the tested 

microorganisms. The presence of ZnO NP reduced the initial 

aerobic microbial count in all of the tested preparations by at 

least one log. The antimicrobial activity of ZnO NP has been 

previously reported by Yousef et al,25 Wang et al,26 Liu et al,36 

Rizwan et al,37 and Vani et al.38 However, in our study, we 

proved the compatibility of ZnO NP with the different tested 

cosmetics and its possible use in the preservation of these 

preparations. By applying different γ radiation doses to the 
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preparations containing ZnO NP, the antimicrobial activity 

of ZnO NP was enhanced with the increase in the radiation 

dose. This was indicated by the increase in zone diam-

eters against the tested microorganisms (Figure 4) and the 

decrease in the total aerobic microbial counts (Figure 5) until 

complete microbial decontamination at 3 or 5 kGy depending 

on the type of the preparation. The effect of γ radiation on the 

antimicrobial activity of ZnO NP has been reported previ-

ously on K. pneumoniae and P. aeruginosa.15 In this study, 

it was clear that applying γ radiation on ZnO NP resulted 

in enhancing its antimicrobial activity against S. aureus, 

E. coli, C. albicans, and P. aeruginosa. The γ-irradiated 

Figure 1 Number of survivors with time in tested preparations challenged with different microorganisms in the presence of ZnO NP as preservative. 
Note: (A) sunblock, (B) foundation cream, (C) moisturizing cream, (D) body lotion, (E) face cream, (F) body scrub.
Abbreviations: A. niger, Aspergillus niger; C. albicans, Candida albicans; E. coli, Escherichia coli; P. aeruginosa, Pseudomonas aeruginosa; S. aurerus, Staphylococcus aureus; ZnO NP, 
zinc oxide nanoparticles.
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ZnO NP produced their antimicrobial activity in all tested 

cosmetic creams, indicating their compatibility with the 

tested constituents and the possible use of this combina-

tion in their preservation. The effect of γ irradiation may 

be due to its activation of ZnO NP and the production of 

H
2
O

2
 that can penetrate the microbial cell membrane and 

kill the bacteria.25,39,40 Also, it may be due to the reduction 

in the specific surface area of the particles by irradiation, 

as reported for some solids.14 This possible size reduction 

was further tested by using TEM and DLS analysis.

Figure 2 Number of survivors with time in tested preparations challenged with different microorganisms in the presence of propylparaben as preservative. 
Note: (A) sunblock, (B) foundation cream, (C) moisturizing cream, (D) body lotion, (E) face cream, (F) body scrub.
Abbreviations: A. niger, Aspergillus niger; C. albicans, Candida albicans; E. coli, Escherichia coli; P. aeruginosa, Pseudomonas aeruginosa; S. aurerus, Staphylococcus aureus; ZnO NP, 
zinc oxide nanoparticles.
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The effect of radiation on the size of 
ZnO NP
The results of the DLS measurement indicated a reduction 

in the size of ZnO NP with γ irradiation, with the particle 

size decreasing with the increase in the radiation dose. The 

predominant particle sizes were 127.5, 110.1, and 7.5 nm 

for unirradiated, 3, and 7 kGy-irradiated ZnO NP, respec-

tively (Table 1). A similar reduction in ZnO NP size with 

Figure 3 Number of survivors with time in tested preparations challenged with different microorganisms in the presence of phenoxyethanol as preservative. 
Note: (A) sunblock, (B) foundation cream, (C) moisturizing cream, (D) body lotion, (E) face cream, (F) body scrub.
Abbreviations: A. niger, Aspergillus niger; C. albicans, Candida albicans; E. coli, Escherichia coli; P. aeruginosa, Pseudomonas aeruginosa; S. aurerus, Staphylococcus aureus; ZnO NP, 
zinc oxide nanoparticles.
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γ irradiation has been also reported in the TEM micrographs 

(Figure 6). To the best of our knowledge, this is the first report 

on the reduction of ZnO NP diameter with γ irradiation, and 

this can account for the enhanced antimicrobial activity of 

ZnO NP with γ irradiation.

The antimicrobial activity of unirradiated 
and γ-irradiated ZnO NP during product 
storage
Preparations containing unirradiated ZnO NP (0.6 µg g-1) 

showed no detected growth (count ,10 CFUg-1) up to 

Figure 4 The effect of different γ radiation doses on the zone diameters of ZnO NP-containing preparations against different microorganisms. 
Note: (A) sunblock, (B) foundation cream, (C) moisturizing cream, (D) body lotion, (E) face cream, (F) body scrub.
Abbreviations: C. albicans, Candida albicans; E. coli, Escherichia coli; P. aeruginosa, Pseudomonas aeruginosa; S. aurerus, Staphylococcus aureus; ZnO NP, zinc oxide 
nanoparticles.
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6 months. However, the count reached 102 CFUmL-1 after 

8 months in most preparations, with no increase thereafter. 

γ-irradiated ZnO NP were superior to unirradiated nanopar-

ticles and kept the microbial count below the detectable level 

(10 CFUmL-1) for up to 10 months except in body scrub 

preparation where the count reached the acceptable limit 

(102 CFUmL-1) after 10 months (Figure 7). This confirmed 

Figure 5 The effect of different γ radiation doses on the total aerobic microbial count in cosmetic preparations with and without 0.62 µg g-1 ZnO NP. 
Note: (A) sunblock, (B) foundation cream, (C) moisturizing cream, (D) body lotion, (E) face cream, (F) body scrub.
Abbreviation: ZnO NP, zinc oxide nanoparticles.

Table 1 The average and predominant particle sizes of ZnO NP 
subjected to different γ radiation doses as determined by Dls

γ irradiation 
dose (kGy)

Average particle 
size (nm)

Predominant 
particle size (nm)

0 (unirradiated) 70.9–307 127.5
3 61.2–265.6 110.1
7 4.8–18.17 7.5

Abbreviations: Dls, dynamic light scattering; ZnO NP, zinc oxide nanoparticles.
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Figure 6 TeM images of ZnO NP. 
Note: (A) Unirradiated, (B) irradiated at 3 kgy dose of γ radiation, (C) irradiated at 7 kgy dose of γ radiation.
Abbreviations: TeM, transmission electron microscopy; ZnO NP, zinc oxide nanoparticles.

γ

γ

γ

Figure 7 The number of survivors in cosmetic preparations, either without ZnO NP (c) or containing unirradiated and γ-irradiated ZnO NP, with time. 
Note: (A) sunblock, (B) foundation cream, (C) moisturizing cream, (D) body lotion, (E) face cream, (F) body scrub.
Abbreviation: ZnO NP, zinc oxide nanoparticles.
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the efficiency of ZnO NP as a preservative in cosmetic 

preparations and the effect of γ radiation on enhancing their 

activity. In addition, unirradiated and γ-irradiated ZnO NP 

proved to be compatible with the components of the tested 

preparations during the product storage. The only limitation 

of this study is the short storage period, and so longer storage 

periods need to be tested.

Conclusion
ZnO NP have a strong antimicrobial preservative activity 

against pathogenic organisms in topical preparations. This 

activity is enhanced by γ irradiation, mainly due to particle 

size reduction. ZnO NP provide a superior, safe, and more 

effective alternative to commonly known preservatives, and 

they also proved to be stable on storage.
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Supplementary material

Table S1 list of the 77 raw materials used in manufacture of the six tested products

Sunblock Foundation cream Moisturizing cream Body lotion Face cream Body scrub

stearic acida stearic acida

lanet o (cetearyl alc)a

Paraffin oila

Vaseline
Isopropyl myristatea

Titanium dioxidea

Zinc oxidea

Octyl methoxy 
cinnamate
Jojoba oil
emulgin B2

Panthenol
silicone oil
Zinc stearate
Talc powder
Mono propylene glycola

lanette 16 (cetyl alcohol)a

lanet o (cetearyl alc)a

Paraffin oila

glycerina

Vaseline
Isopropyl myristatea

Vitamin e
Triethanolaminea

emulgin B2

Panthenol
Mono propylene glycola

Vitamin a
sesame oil
Fragrancea

Fragranceb

Butylene glycol
lanolin alcohol
sodium carbomer

stearic acidb

lanet o (cetearyl alc)b

glyceryl monostearatea

Tapioca starch
linalool
Paraffin oilb

glycerinb

Isopropyl myristateb

Triethanolamineb

Mono propylene glycolb

Dimethicone silicone
Butylene glycol
lanolin alcohol
sodium carbomer
limonene
Benzyl silicate
Myristyl alcohol
Petroleum
hexyl cinnamal

stearic acidb

lanet o (cetearyl alc)a

Paraffin oilb

glycerinb

Isopropyl myristateb

Triethanolamineb

Mono propylene glycolb

Tween 80
Dimethicone silicone
Fragrancea

stearic acidb

citric acid
Propanediol
sodium benzoate
lanet o 
(cetearyl alc)a

carbomer
Imidazolidinyl urea
sodium hydroxide
sodium hydroxide
Paraffin oilb

glycerinb

Isopropyl myristateb

Triethanolamineb

Titanium dioxideb

Zinc oxideb

Mono propylene 
glycolb

Tween 80
Dimethicone silicone
Fragrancea

scrub (sand)
calcium 
pantothenate
citrus grandis
Pyridoxine hcl
Tocopheryl acetate

sorbitan stearate
caprylictriglyceride
lanette 16 
(cetyl alcohol)a

lanet o 
(cetearyl alc)a

glyceryl 
monostearateb

Octocrylene
cetyl palmitate
Paraffin oila

laureth-23
glycerina

simethicone
Vaseline
allantoin
lactic acid
Isopropyl myristatea

Tween 20
Vitamin e
glycolic acid
Triethanolaminea

Tocopherylacetate
Titanium dioxidea

Zinc oxidea

Benzophenone-3
siloxane
Xanthan gum
avobenzone
sucrose cocoate
Octyl methoxy 
cinnamate
Jojoba oil
Iron oxide
alumina

Notes: araw material from Dr Joe Factory; braw material from Jolly for cosmetics.
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