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Synopsis

Formulation of sunscreen products to obtain high values of sun protection factor (SPF) and protection from 
ultraviolet A (PA) is challenging work for cosmetic chemists. This study aimed to study factors affecting SPF 
and PA values using ultraviolet transmission spectroscopy as well as texture profi les of sunscreen formulations 
using 23 factorial designs. Results demonstrate that the correlation coeffi cient between the labeled SPF values 
of counter-brand sunscreen products and the in vitro SPF values was 0.901. In vitro SPF determination showed 
that the combination effect of phase volume ratio (PVR) and xanthan gum caused a signifi cant increase to the 
SPF values of the formulations, whereas the interaction effect between PVR and stearic acid signifi cantly 
decreased the SPF value. In addition, there was the interaction effect between xanthan gum and stearic acid 
leading to signifi cant reduction of hardness, compressibility, and pH, but signifi cantly increasing the adhe-
siveness. All tested factors did not signifi cantly affect the cohesiveness of tested formulations. In conclusion, 
apart from sunscreen agents, the other ingredients also affected the SPF and PA values. The calculated SPF 
values range from 21 to 60. However, a selected formulation needs to be confi rmed by the standard method 
of testing. In addition, the physical, chemical, and biological stability; shelf life; and sensory evaluation of all 
formulations need to be evaluated.

INTRODUCTION

It is generally known that ideal sunscreen products should be able to protect skin from 
damage from ultraviolet (UV) radiation (290–400 nm). Long-term exposure to UVB 
(290–320 nm) and UVA (320–400 nm) may cause sunburn, immunosuppression, and 
skin cancer (1–3). The effi cacy of sunscreen products may be indicated by numerical rat-
ing of sun protection factor (SPF) and UV-A protection (PA). Several attempts have been 
made to develop in vitro SPF testing methods (1,4–11), but there is no offi cially recognized 
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method due to the limitation of measurement techniques (12). In 2011, Cosmetics Eu-
rope, formerly known as COLIPA, provided guidelines for an in vitro method for the de-
termination of the UVA protection factor and critical wavelength values for sunscreen 
products using PMMA plates (polymethylmethacrylate) as a substrate for applying the 
tested sunscreen product (13,14). However, in the case of having limitation on the assess-
ment of SPF and PA values using the standard guidelines, in vitro preliminary screening 
of processing variables in an earlier stage of sunscreen formulations such as sun protection 
effi cacy using UV spectrophotometer appears to be practical. Moreover, the physical 
properties measurements, texture profi les, and stability studies should be simple, rapid, 
and reproducible, and provide important information before proceeding to the in vivo test, 
which is very expensive, time-consuming, and prone to having risks related to UV ex-
posure of human volunteers. In addition, the relationship between the product texture 
measurement and sensory skin perception may be useful to predict consumer responses. 
In this study, although in vitro SPF testing methods demonstrated that the in vitro SPF 
values underestimated the in vivo SPF values, using a linear regression equation for the 
relationship between labeled SPF value and calculated SPF by UV transmission spectros-
copy appears to be simple and directly proportional to the in vivo SPF values (15). More-
over, texture analysis may also be used for product characterization and stability evaluation. 
Many studies have demonstrated that there is a relationship between sensory and instru-
mental texture profi les in some aspects of food and cosmetic emulsions (16–20). As a re-
sult, a correlation between physical measurements and certain sensory attributes of the 
semi-solid products can be useful for a fast in-line screening study.

The aim of this study was to investigate factors affecting SPF and PA values of sunscreen 
formulations and their texture profi les. The SPF and PA values of the formulation were 
carried out using UV transmission spectroscopy.

MATERIALS AND METHODS

MATERIALS

Titanium dioxide (and) diethylhexyl carbonate (and) polyglyceryl-6 polyhydroxystearate 
was a gift from Evonic, Bangkok, Thailand. C12-15 Alkyl benzoate (and) dipropylene 
glycol dibenzoate (and) PPG-15 stearyl ether benzoate and other ingredients at cosmetic 
grade were purchased from Numsieng, Bangkok, Thailand. Two standard sunscreen 
products, which were the standard homosalate sunscreen (8%) with the mean SPF value 
of 4.47 and the high standard SPF value of 15, were prepared according to the recom-
mendation of theUnited States Food and Drug Administration (FDA) (21) and COLIPA (22), 
respectively. The international counter-brand sunscreen products were purchased from a 
drug store.

METHODS

Factorial design experiments. Sunscreen formulations were prepared based on 23 factorial 
designs. The following three factors were investigated: (i) oil to water phase volume ratio 
(PVR), concentrations of (ii) Xanthan gum, and (iii) stearic acid. Their levels are shown 
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in Table I. The response parameters are calculated SPF and PA values as well as texture 
profi les of the developed formulations.

Formulations and preparation of sunscreen products. The ingredients of sunscreen formulations 
(F1–F8) in Table II were prepared based on a 23 factorial design layout shown in Table III. 
The center point of each factor was presented in F9. The oil phase containing octylmeth-
ylcinnamate, titanium dioxide (and) diethylhexyl carbonate (and) polyglyceryl-6 polyhy-
droxystearate, light mineral oil, stearic acid, C12-15 alkyl benzoate (and) dipropylene 
glycol dibenzoate (and) PPG-15 stearyl ether benzoate, Span 80, and butylated hydroxy 
toluene were mixed and heated in a water bath to 70°C. The water phase containing 

Table I
Factorial Design Parameters and Experimental Conditions

Factors

Levels

Low (−) High (+)

(A) Phase volume ratio (oil:water) 25:75 30:70

(B) Xanthan gum 0% 0.30%
(C) Stearic acid 3% 5%

Table II
Ingredients of Sunscreen Formulations Based on 23 Factorial Design

F1 F2 F3 F4 F5 F6 F7 F8 F9

Octylmethoxycinnamate 7 7 7 7 7 7 7 7 7

Titanium dioxide (and) diethylhexyl 
  carbonate (and) polyglyceryl-6 

polyhydroxystearate
10 10 10 10 10 10 10 10 10

Mineral oil 2.5 7.5 2.5 7.5 0.5 5.5 0.5 5.5 4

Stearic acid 3 3 3 3 5 5 5 5 4

C12-15 alkyl benzoate (and) 
  dipropylene glycol dibenzoate 

(and) PPG-15 stearyl 
ether benzoate

2 2 2 2 2 2 2 2 2

Vitamin E acetate 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Span 80 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Propylene glycol 3 3 3 3 3 3 3 3 3

Cabopol 940 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Xanthan gum — — 0.3 0.3 — — 0.3 0.3 0.15

Triethanolamine 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6

BHT 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

EDTA 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Tween 80 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5

Propylene glycol (and) diazolidinyl 
  urea (and) methylparaben (and) 

propylparaben
1 1 1 1 1 1 1 1 1

Purifi ed Water qs to 100 100 100 100 100 100 100 100 100
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propylene glycol, carbopol 940, xanthan gum, EDTA (tetra sodium), Tween 80, and de-
ionized water were mixed well before adding triethanolamine. The water phase mixture 
was then heated in water bath to 75°C and poured into the oil phase mixture. After that, 
the emulsion mixture was continuously stirred until the temperature reached 45°C. 
Then, vitamin E acetate, propylene glycol, diazolidinyl urea, methylparaben, and propyl-
paraben were added and homogenized for 5 min.

Determination of in vitro SPF and PA values. An opened window in thick plastic with a 
dimension of 0.8 × 2 cm2 was made as a sample holder. Transpore® tape of size 1.2 × 
3 cm2, which was taped one-side with transparent tape, was used as a sample plate. Sun-
screen products, 2 mg/cm2, were applied evenly on the whole surface of the rough side of 
the sample plate. After weighing, the sample was spread using light circular strokes over 
the whole surface of the plate and allowed to dry for 15 min at room temperature. Seven 
plates were prepared for each tested sample. The transmittance of UV in a range of 290–
400 nm through the sample plate was measured against a blank plate using UV-visible 
spectrophotometer UV-17000 PharmaSpec (Shimazu, Japan).

Determination of SPF according to the method of Diffey and Robson (6)

In vitro SPF was calculated as in equation (1):

 
λ λ

λ λ λ

400

290
400

290

  SPF
/

E
In vitro

E T  

 (1),

where E(λ) is the spectral irradiance of the used light spectrum at wavelength λ nm, ∈(λ) 
is the erythemal action spectrum at wavelength λ nm corresponding to the International 
Commission on Illumination (CIE) publication (23), and T(λ) is the spectral transmit-
tance of the sunscreen.

The calculated SPF values were obtained from equation (1). A corrected SPF value for 
samples was determined using a linear regression equation plotted between the label SPF 
values of SPF 4.47 and SPF 15 as well as the labeled SPF and PA values of the international 

Table III
23 Factorial Design Layout

Combination Formulation

Composition

A B C

(1) F1 − − −
A F2 + − −
B F3 − + −
AB F4 + + −
C F5 − − +
AC F6 + − +
BC F7 − + +
ABC F8 + + +

F9 0 0 0
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counter-brand sunscreen products in Figure 1, which were found to have a good correla-
tion with a determination of coeffi cient (r2) of 0.901.

Determination of UVA-PF according to the method of Ferrero et al. (8)

In vitro UVA-PF was calculated with spectral range of 320–400 nm as in equation (2):

 
λ

λ

λ

−
⋅

400

320
400

m
320

1
 UVA PFInvitro

TT
 (2),

where Tm is the arithmetic mean of the transmittance data in the UVA range. UVA-PF 
was classifi ed according to the Japan Cosmetic Industry Association into four categories 
as follows: UVA-PF < 2: no protection against UVA; 2–4 (PA+): protection against UVA; 
4–8 (PA++): considerable protection against UVA; and ≥8 (PA+++): the greatest protec-
tion against UVA (2).

Instrumental texture analysis of sunscreen formulations. Each sample was packed with a 
height of 7 cm in a 28-ml McCartney bottles (S Murray & Co., Surrey, UK) and kept 
at 25 ± 1°C for 48 h before performing texture profi le analysis. The texture profi les of 
each formulation were determined according to Jones et al. (17) with some modifi ca-
tion using a texture analyzer (Model TA.XT Plus, Stable Micro Systems, Surrey, UK). 
A stainless steel probe of 1 cm in diameter (P/0.5R) was compressed twice into the 
sample at a defi ned rate of 6 mm⋅s-1 to a depth of 1.5 cm, with a delay period of 15 s 
between the two compressions. Data collection and calculation were performed using 
the XTRA Dimension software package of the instrument. The texture profi le analysis 
values of hardness, compressibility, adhesiveness, and cohesiveness of sunscreen sam-
ples were calculated by determining the load and displacement at predetermined 
points on the texture profi le analysis curve (Figure 2). Hardness was the maximum 
force required to attain a given deformation of the sample during the fi rst compression. 
Compressibility was the work required to deform the sample during the fi rst compres-
sion (A1). Adhesiveness (A3) was the work required to overcome the attractive force 

Figure 1. Correlation between labeled SPF and calculated SPF of tested counter-brand sunscreen products.
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between the surface of the sample and the surface of the probe. Cohesiveness (A2/A1) 
was the ratio of the area under curve for the second compression (A2) to that under 
curve for the fi rst compression (A1). Four replicate analyses were performed for each 
formulation at 25 ± 1°C.

Physical stability study. Each sample underwent six cycles of freeze-thaw cycling. In each 
cycle, the sample was kept at 4 ± 1°C for 24 h following by keeping at 45 ± 1°C for 24 h. 
Before and after undergoing the freeze-thaw cycling, texture profi les, viscosity, and pH of 
each formulation using a fl at electrode (Metler Toledo in Lab surface, Greifensce, Switzerland) 
were examined. The viscosity of each sample was measured at 25 ± 1°C using a digital 
Brookfi eld Viscometer (Model DV-III+ Programmable Rheometer, Stoughton, MA) 
mounted on the helipath stand fi tted with a T-F spindle. The rheometer was set at 5 rpm. 
The apparent viscosity, expressed as centripoints (cPs), was an average of the data points 
collected for 30 s.

Statistical analysis. Unless otherwise stated, all experiments were performed in triplicate. 
The effects of PVR, xanthan gum, and stearic acid on SPF and PA values as well as texture 
profi les among formulations were evaluated using regression analysis. The differences 
between before and after freeze-thaw cycling of each formulation were analyzed using a 
paired-samples t-test. p <0.05 denoted statistical signifi cance. All statistical analyses 
were performed using SPSS software.

Mathematical models for 23 full factorial design were obtained, relating the responses 
with the experimental conditions as follows:

 0 1 2 3 12 13 23y b b A b B b C b AB b AC b BC  (3),

where the coeffi cients estimations were b1, b2, and b3 corresponding to the response ob-
tained with the factors A, B, and C, respectively. The interaction coeffi cients were b12, b13, 
and b23 corresponding to the response obtained with interaction terms of AB, AC, and BC 
respectively.

Figure 2. Texture profi le curve of a sample.
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Table V
Corrected SPF and PA Values of Test Samples

Sample SPF (cal) ± S.D. PPD ± S.D. PA (cal)

F1 21.81 ± 4.28 4.45 ± 1.51 2+

F2 29.27 ± 2.75 6.59 ± 1.62 2+

F3 38.54 ± 3.11 6.57 ± 0.73 2+

F4 53.82 ± 5.41 9.78 ± 1.83 3+

F5 60.68 ± 10.89 11.99 ± 1.83 3+

F6 26.05 ± 4.35 6.72 ± 2.30 2+

F7 40.18 ± 5.73 7.17 ± 1.78 2+

F8 32.92 ± 2.3 6.05 ± 0.39 2+
F9 30.98 ± 2.43 6.83 ± 0.51 2+

RESULTS

As shown in Table V, SPF and PA values of F1, F5, and F4 were 21.81/2+, 60.68/3+, and 
53.82/3+, respectively. F5 and F4 appeared to have good protection against UVB and 
UVA. The difference between F5 and F4 was the PVR and the presence of xanthan gum. 
When comparing the components in F1, F5, and F4 (Tables II and III), it was found that 
F1 contained a low level of PVA, had no xanthan gum, and a low level of stearic acid, 
whereas F5 contained a low level of PVR with an absence of xanthan gum and a high level 
of stearic acid and F4 contained a high level of PVR and xanthan gum with low stearic 
acid.

The formulations having high levels of PVR and xanthan gum with low levels of stearic 
acid (F4) appeared to possess SPF values of 53.82, which was greater than the formulation 
containing low levels of PVR and stearic acid with high levels of xanthan gum (F3) hav-
ing an SPF value of 38.54. This indicates that formulations having a higher level of PVR 
and xanthan gum can improve the SPF values. In contrast, if the level of xanthan gum was 
low and stearic acid was high, the formulation that contains a low level of PVR (F5) was 
found to have an SPF value of 60.68, which was much greater than the formulation con-
taining a high level of PVR (F5), which had the SPF value of only 26.05. This indicates 
that there is an interaction between PVR and the amount of stearic acid.

Table IV
SPF and PA Values Labeled on the Reference Products in Comparision with Their Corrected Values from 

Equation (1) and PA Grading Values from Equation (2)

Sample SPF (cal) ± S.D. SPF (labeled) PPD ± S.D. PA (cal) PA (labeled)

SPF 4.47 1.92 ± 0.52 4.47 – – –
SPF 15 14.36 ± 2.61 15 3.53 ± 0.20 2+ –
S1 12.97 ± 2.07 30 5.29 ± 0.47 2+ 2+
S2 44.19 ± 3.50 40 9.91 ± 1.02 3+ –
S3 42.48 ± 8.16 50 8.37 ± 1.83 2+ 3+
S4 46.15 ± 10.23 50 15.45 ± 1.51 3+ 3+
S5 58.25 ± 0.85 60 15.12 ± 1.36 3+ 3+

S#: Sample number from a counter-brand sunscreen product.
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F5 and F4 appear to have good protection against UVB and UVA. Even though a high 
level of PVR could signifi cantly increase the SPF value, the high level of stearic acid sig-
nifi cantly affected the SPF value more than the PVR did. However, due to the interaction 
between PVR and stearic acid, the high level of PVR and stearic acid (F6) caused a sig-
nifi cant lowering of the SPF value, while a low level of PVR and a high level of stearic 
acid (F5) resulted in an increase in the SPF value (Tables II and V). In addition, adding 
xanthan gum to F5 could improve the SPF value (F7), but not as effectively as that of F5.

Regression analysis revealed that all three factors which were PVR and the concentrations 
of xanthan gum and stearic acid signifi cantly affected the calculated SPF values. It should 
be noted that interaction between PVR and xanthan gum possessed a positively signifi -
cant effect on the SPF value. In contrast, interaction between PVR and stearic acid, and 
xanthan gum and stearic acid caused a negatively signifi cant effect on the SPF values.

All three factors affected the texture profi les of the tested products (Table VI). Although 
PVR caused a positively signifi cant effect on the product hardness, it had a negatively 
signifi cant effect on their adhesiveness. In addition, the amount of stearic acid in the for-
mulations caused a negatively signifi cant effect on the product hardness and compress-
ibility but it caused a positively signifi cant effect on the product adhesiveness. 
Nevertheless, the interaction effect between xanthan gum and stearic acid caused a nega-
tive effect on the hardness and compressibility of the formulations, while it caused a 
positive effect on their adhesiveness. Except for interaction between PVR and xanthan 
gum, it was found that all factors signifi cantly increased the pH of the formulation, 
whereas the interaction between the main factors significantly decreased pH of the 
products.

Figure 3 shows the stability of tested formulations after undergoing freeze-thaw cycling. 
Except for cohesiveness, the texture profi les of F6–F9 were unstable. The pH of F1–F3 
and F6 were signifi cantly decreased, whereas the viscosity of F3, F6, F8, and F9 were 
signifi cantly increased.

DISCUSSION

The variability of COLIPA SPF values depends on the skin type variations of the volun-
teers. Therefore, 20% deviation of SPF values is acceptable for the requirements of the 
international standard of SPF test methods (24). Bendova et al. (1) demonstrated that 
methods of SPF in vitro testing showed great differences from SPF determination by the 
COLIPA method of in vivo testing because the high variability of in vitro SPF values de-
pends on substrate selection and product application technique. Kelley et al. (9) found 
that there was limitation to using Transpore® tape due to its perforation. In this study, 
the Transpore® tape was modifi ed by sticking transparent tape on one side and applying 
the sample on the rough side. With this modifi cation, the variation of obtained SPF val-
ues appears to be less than 20% deviation, and the test sample was quite uniformly dis-
tributed over the plate. In this study, the SPF values, calculated according to a study of 
Diffey and Robson (6), were less than the labeled SPFs of the majority of counter-brand 
sunscreen products and the standard sunscreen products, SPF 4.47 and SPF 15. The re-
sults of this fi nding were similar to a study of Sheu et al. (15). However, linear regression 
analysis showed that there was a good correlation between calculated SPF values and la-
beled SPF values at a coeffi cient of determination of 0.901. As a result, the calculated SPF 
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Figure 3. Texture profi les, pH, and viscosity of sunscreen products before and after undergoing freeze-thaw 
cycling.
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values of samples from equation (1) were corrected using a correlation linear equation in 
Figure 2 to make the calculated SPF value equivalent to the labeled SPF values of the 
samples.

Apart from sunscreen active agents, the other ingredients in cosmetic bases and application 
patterns also affect sunscreen effi cacy and cosmetic acceptability (25). Schulz et al. (26) dem-
onstrated that SPF values of micronized titanium dioxide in hydrodispersion were less than 
in o/w emulsion and w/o emulsion. It could increase the SPF value approximately 40% 
compared to o/w emulsion. This was due to the difference in remaining fi lm thickness and 
irregularities on the skin. In this study, it was found that for o/w emulsion, the interaction 
between PVR and thickening agent, which was xanthan gum, led to a signifi cant increase 
of SPF value. This might be due to the improvement of xanthan gum in the water phase 
resulting in uniformity and thickness of fi lm after application to the substrate, while the 
interaction between PVR and the stiffening agent, which was stearic acid, signifi cantly re-
duced the SPF value. This suggests that a sunscreen formulation which contains a high level 
of oil phase with low level of stearic acid might signifi cantly reduce the SPF value. However, 
the formulation F5 contained a low level of oil phase with the absence of xanthan gum and 
a high level of stearic acid appeared to have the highest SPF, while the formulation with a 
high level of oil phase (F6) appeared to have the lowest SPF value. These fi ndings indicate 
that the oil phase and the ratio of stearic acid to liquid oils containing C12-15 alkyl benzo-
ate, dipropylene glycol dibenzoate, PPG-15 stearyl ether benzoate, and mineral oil may 
play an important role in forming a solid lipid nanostructure matrix that can act as a sun-
screen by its light scattering properties (27,28).

Although the advantages of the Transpore® tape are inexpensive, readily available, and 
ease of use, it is not suitable for formulations containing alcohol or oil as a vehicle because 
the product would not absorb onto the tape. In addition, the pore size of the tape could 
vary from batch to batch. Therefore, the tape needs to be validated with standard sun-
screen formulations of known SPF before screening any unknown SPF sunscreen product. 
Furthermore, any ingredient causing a swelling of tape’s substrate or solvation of the 
tape’s adhesive might be resulting in poor correlation between in vitro and in vivo SPF 
values (29). As a result, Transpore® tape for in vitro SPF and PA testing is not recom-
mended by the FDA or COLIPA as a substrate for sunscreen in vitro studies. It is only 
suitable for screening of some categories of sunscreen products.

Jones et al. (17) demonstrated that texture profi le analysis for the characteristics of semi-
solids could be used as a tool for development of topical formulations. The mechanical 
properties in terms of hardness and compressibility indicate the ease of removal of the 
product from the container, adhesiveness indicates the spreadability and feeling of the 
product on the skin, and cohesiveness indicates the structural reformation following sub-
sequent applications of a shear stress. In addition, Lukic et al. (19) demonstrated that 
rheological and texture profi les could be used to determine preliminary sensory character-
istics of cosmetic cream, and some rheology and texture profi les could be used to predict 
some sensory attributes. Sensory texture, the impression of the sample thickness when 
rubbed between thumb and forefi nger, directly correlated with hardness and yield value. 
Slipperiness, the area covered by the sample after rubbing with a circular motion at the 
forearm, directly correlates with viscosity, elastic and viscous modulus, consistency, and 
cohesiveness. In this study, the compressibility and hardness of each formulation appeared 
to be correlated with the viscosity (Figures 3a, 3b, and 3f). Among all formulations, the 
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compressibility and hardness of F8 was found to be the highest and F1 was the lowest. 
These might be due to an interaction between xanthan gum and stearic acid causing a 
signifi cant lowering of the compressibility, hardness, and adhesiveness as well as the SPF 
value of the formulation (Table VI).

In conclusion, in vitro SPF testing using UV transmission spectroscopy shows a good cor-
relation with the labeled SPF values of counter-brand sunscreen products. According to 
the sunscreen product development, the in vitro SPF testing of the formulation showed 
the calculated SPF values ranging from 21 to 60. However, care should be taken when 
using Transpore® tape as a substrate for sunscreen in vitro studies due to some limita-
tions. However, a selected formulation needs to be confi rmed by a standard method of 
testing. In addition, the physical, chemical, and biological stability; shelf life; and sen-
sory evaluation of all formulations need to be evaluated.

ACKNOWLEDGMENTS

The authors are thankful to Mr. Warodom Khemtong and Mr. Wachira Keachaiwee for 
their technical assistance and the fi nancial support from the Faculty of Pharmaceutical 
Sciences, Khon Kaen University, Thailand.

REFERENCES

 (1) H. Bendová, J. Akrman, A. Krejcí, L. Kubác, D. Jírová, K. Kejlová, H. Kolárová, M. Brabec, and M. 
Malý, In vitro approaches to evaluation of sun protection factor, Toxicol. In Vitro., 21, 1268–1275 (2007).

 (2) B. Herzog, S. Mongiat, C. Deshayes, M. Neuhaus, K. Sommer, and A. Mantler, In vivo and in vitro as-
sessment of UVA protection by sunscreen formulations containing either butyl methoxy dibenzoyl 
methane, methylene bis-benzotriazolyl tetramethylbutylphenol, or microfi ne ZnO, Int. J. Cosmet. Sci., 
24, 170–185 (2002).

 (3) P. J. Matts, V. Alard, M. W. Brown, L. Ferrero, H. Gers-Barlag, N. Issachar, D. Moyal, and R. Wolber, 
The COLIPA in vitro UVA method: A standard and reproducible measure of sunscreen UVA protection, 
Int. J. Cosmet. Sci., 32, 35–46 (2010).

 (4) M. D. Bleasel and S. Aldous, In vitro evaluation of sun protection factors of sunscreen agents using a 
novel UV spectrophotometric technique, Int. J. Cosmet. Sci., 30, 259–270 (2008).

 (5) B. Diffey, A method for broad spectrum classifi cation of sunscreens. Int. J. Cosmet. Sci., 16, 47–52 (1994).
 (6) B. L. Diffey and J. Robson, A new substrate to measure sunscreen protection factors throughout the 

ultraviolet spectrum, J. Soc. Cosmet. Chem., 40, 127–133 (1989).
 (7) J. Ferguson, M. Brown, A. Hubbard, and M. Shaw, Determination of sun protection factors: Correlation 

between in vivo human studies and in vitro skin cast method, Int. J. Cosmet. Sci., 10, 117–129 (1988).
 (8) L. Ferrero, M. Pissavini, S. Marguerie, and L. Zastrow, Sunscreen in vitro spectroscopy: Application to 

UVA protection assessment and correlation with in vivo persistent pigment darkening, Int. J. Cosmet. 
Sci., 24, 63–70 (2002).

 (9) K. Kelley, P. Laskar, G. Ewing, S. Dromgoole, J. Lichtin, and A. Sakr, In vitro sun protection factor 
evaluation of sunscreen products, J. Soc. Cosmet. Chem., 44, 139–151 (1993).

 (10) R. M. Sayre, P. P. Agin, G. J. LeVee, and E. Marlow, A comparison of in vivo and in vitro testing of sun-
screening formulas, Photochem. Photobiol., 29, 559–566 (1979).

 (11) S. Scalia, M. Mezzena, and A. Bianchi, Comparative evaluation of different substrates for the in vitro 
determination of sunscreen photostability: Spectrophotometric and HPLC analyses, Int. J. Cosmet. Sci., 
32, 55–64 (2010).

 (12) M. Rohr, E. Klette, S. Ruppert, R. Bimzcok, B. Klebon, U. Heinrich, H. Tronnier, W. Johncock, S. 
Peters, F. Pfl ücker, T. Rudolph, H. Flösser-Müller, K. Jenni, D. Kockott, J. Lademann, B. Herzog, S. 
Bielfeldt, C. Mendrok-Edinger, C. Hanay, and L. Zastrow, In vitro sun protection factor: Still a challenge 
with no fi nal answer, Skin Pharmacol. Physiol., 23, 201–212 (2010).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



FACTORS AFFECTING SPF AND PA VALUES OF SUNSCREEN CREAM FORMULATIONS 159

 (13) COLIPA, In vitro method for the determination of the UVA protection factor and critical wavelength 
values of sunscreen products, (2011).

 (14) COLIPA, Method for the in vitro determination of UVA protection provided by sunscreen products, 
(2007).

 (15) M. Sheu, C. Lin, M. Huang, C. Shen, and H. Ho, Correlation of in vivo and in vitro measurements of sun 
protection factor, J. Food Drug Anal., 11, 128–132 (2003).

 (16) D. S. Jones, M. S. Lawlor, and A. D. Woolfson, Examination of the fl ow rheological and textural proper-
ties of polymer gels composed of poly(methylvinylether-co-maleic anhydride) and poly(vinylpyrrolidone): 
Rheological and mathematical interpretation of textural parameters, J. Pharm. Sci., 91, 2090–2101 
(2002).

 (17) D. S. Jones, A. D. Woolfson, and A. F. Brown, Texture analysis and fl ow rheometry of novel, bioadhesive 
antimicrobial oral gels, Pharm. Res., 14, 450–457 (1997).

 (18) T. Kealy, Application of liquid and solid rheological technologies to the textural characterisation of 
semi-solid foods, Food Res. Int., 39, 265–276 (2006).

 (19) M. Lukic, I. Jaksic, V. Krstonosic, N. Cekic, and S. Savic, A combined approach in characterization of 
an effective w/o hand cream: the infl uence of emollient on textural, sensorial and in vivo skin perfor-
mance, Int. J. Cosmet. Sci., 34, 140–149 (2012).

 (20) S. Tamburi, Combining instrumental and sensory evaluation to assess application characteristics of sk-
incare emulsions, 5th World Congress on Emulsions, Lyon, France, October 12–14, 2010.

 (21) Sunscreen drug products for over-the-counter human use, Federal Register, Vol. 76, 35620–35665 
(2011).

 (22) COLIPA, Method for testing effi cacy of sunscreen products, Annex 1: Determination of the sun protec-
tion factor (2006).

 (23) A. F. McKinlay and B. L. Diffey, A reference action spectrum for ultraviolet induced erythrema in hu-
man skin, CIE Journal, 6, 17–22 (1987).

 (24) M. Pissavini and L. Ferrero, Determination of the in vitro SPF. Cosmet. Toiletr., 118, 64–72 (2003).
 (25) D.R. Sambandan and D. Ratner, Sunscreens: An overview and update. J. Am. Acad. Dermatol., 64, 

748–758 (2011).
 (26) J. Schulz, H. Hohenberg, F. Pfl ücker, E. Gärtner, T. Will, S. Pfeiffer, R. Wepf, V. Wendel, H. Gers-Barlag, 

and K. P. Wittern, Distribution of sunscreens on skin, Adv. Drug Deliv. Rev., 54, Supplement, S157–
S163 (2002).

 (27) S. A. Wissing and R. H. Müller, The development of an improved carrier system for sunscreen formula-
tions based on crystalline lipid nanoparticles, Int. J. Pharm., 242, 373–375 (2002).

 (28) P. Severino, S. Pinho, E. Souto, and M. Santana, Polymorphism, crystallinity and hydrophilic–lipophilic 
balance of stearic acid and stearic acid–capric/caprylic triglyceride matrices for production of stable 
nanoparticles, Colloids Surf. B Biointerfaces., 86, 125–130 (2011).

 (29) Labsphere Inc., SPF Analysis of Sunscreens—Technical Note, 2006 http://www.labsphere.com, accessed 
date: Mar 25, 2013. 

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)


