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Summary
The effect of the addition of water-soluble chitosans on sun protection and skin hydration effects
and physico-chemical proporties of sun screen lotions thus prepared were studied. Water-sol uble
chitosans were prepared by ultrasonic treatment. Viscosities and color of sun screen lotions containing water-soluble chitosans were determined with a constant stress rheometer and a color and color
difference meter respectively. Mildness of sun screen lotions was evaluated by the Draize scores after applying them to shaved rabbit skin. Efficacy of sun screen lotions on sun protection fac tor and
on skin hydration were determined by minimal erythema doses and by the corneometer method in
vivo respectively. The results show that apparent viscosity of sun screening Iotion increased with increasing molecular weight and/or with increasing concentration of water-soluble chitosans used in
the fo rmula. Sun screening lotion containing 0.2% U3 chitosans has similar emulsion stabil ity to
that containing 0.3 % xanthan gum. pHs of sun screen lotions containing water-soluble chitosans
ranged between 6.7 and 7.2 whereas, those containing xanthan gum as contro! ranged between 7.3
and 7.8. Sun screening lotion containing 0.2% U3 chitosan showed better water-holding capacity
than did lotion containing 0.3% xanthan. The sun protection factor (DPF) va lue of sun screening lotions containing 0.2% water-soluble chitosans ranged between 7.5 and 5.6 for UVA and 14.5 and
16.2 for UVB. Sun screen lotions containing water-soluble chitosans exhibit good sun protection,
moisture holding capacitance and no irritative effects. Thus these wi ll be useful in a wide range of
applications in cosmetics.

Riassunto
E' stato verificato l'effetto provocato dai chi tosani idrosolubili sulla protezione solare e sull'idratazione della cute, controllando anche le proprietà chimico-fisiche delle lozioni preparate.
La viscosità ed il colore delle lozioni è stata controllata mediante l'utilizzazione di un reometro e di
un colorimetro, l'eventuale potere irritativo è stato valutato con il metodo Draize su cute depilata di
coniglio.
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Il fattore di protezione solare e l'idratazione sono stati valutati rispettivamente con la minima dose
eritemigena e con il comeometro.
I risultati dimostrano che la viscosità delle lozioni solari aumenta con l'aumentare del peso e/o della
concentrazione dei chitosani solubili aggiunti e utilizzati per le formulazioni.
La lozione solare contenente lo 0.2% del chitosano U3 ha mostrato di possedere le stesse caratteristiche della analoga formulazione con lo 0.3% di xanthan gum, mentre i relativi pH si attestavano rispettivamente tra 6.7 e 7.2 per il primo e tra 7.3 e 7.8 per il secondo.
Per quanto riguarda l'idratazione il prodotto a base di chitosano ha dimostrato di possedere maggiore proprietà idratante del prodotto a base di xanthan gum.
Per quanto riguarda l'SPF le lozioni a base di chitosani hanno un buon potere protettivo con valori
tra 7.5 e 5.6 per gli UVA e tra 1' 14.5 e 16.2 per gli UVB, senza che si siano verificati effetti irritativi
secondari
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INTRODUCTION
Chitinous materials have wide ranges of applications in areas of food, biomedica!, and chemical
industries ( 1-2). In the food industry, chitinous
materials can be used as thickening, gelling, foaming, antifreezing, and antimicrobial agents, as
well as for enhancing emulsion stability of proteins, etc. (3). Some of the functional properties
mentioned are the same as those needed in the
processing of cosmetics. However, applications,
of chitinous materials in cosmetics and biomedicine are limited due to their solvent restrictions
(4), because chitin can not be dissolved in water
or most common organic solvents . Chitin can
only be dissolved in concentrated acids such as
hydrochloric acid, nitric acid or sul furic acid and
hexa-fluoro-2 propano!, usually being dissolved
in dimethyl acetarnide or N-methyl-2-pyrrolidinone and 5% LiC l. Chitosan can be dissolved in dilute hydrochloric acid, nitric acid and 0.5% phosphoric acid, forrnic acid, acetic acid, and 100%
citric acid , but it does not di ssolve in ne utra!
aqueous solutions (5-7). Many water-soluble chitin derivatives such as N-carboxymethyl chitosan
with film-forrning abilities and thickening properties (8), and succinyl chi tosan (9) with water-holding and film-forrning properties can be applied
in cosmetics. A high molecul ar weight chitosan
was reported being applied in skin and hair care
products (10- 12). Chitosan and microcrystalline
chitin have surface active properties and can be
used to enhance e mulsion stability ( 13-14).
Water-soluble c hitinous materials can be prepared by:
1) chem ical modification to produce succinyl
chitosan (9), carboxy methyl chitosan (8, 15), Nsulfofurfuryl chitosan ( 16), N-trimethyl acetate
chitosan (l 7) and mercapto-chitins (1 8);
2) acid hydrol ysis using nitric acid to obtain a
40% degree of deacetylation c hitosan or using
nitric acid to obtain oligomers (19-21);
3) enzyme hydrolysis using g lycosidase, lysozyme, or chitinase to hydrolyze ch itins or using
chitosan ase to hydrolyze chitosans (22);

4) mechanical treatment (23-24) using ultrasonic methods to prepare different molecular weight water-soluble chitosans, or using shear, ultrasonic, or combined shear and ultrasonic treatments to prepare water-soluble chitosans (25).
Chitinous materials have:
a) good occlusive and water-absorbing properties (9-10, 26-29);
b) good surface acti vity properties. Knorr (1 3)
re ported that microc rystalline chitin has bette r
e mulsion properties than does microcrystalline
cellulose. Magdassi and Neiroukh (14) re ported
that chitin particles have both hydrophobic and
hydrophilic groups and tend to be absorbed on
the o/w interface of oil drops. In the presence of
0.005% (w/w) Tween 80, the emulsion system
contai ning only 0.5% (w/w) chitosan show good
emulsion stability;
e) very good fi lm-formation properties (8, 27,
30). Sakurai et al. (30) reported tha t applying
0.3% hydroxypropyl chitosan on skin will form a
smooth and pliable film with good water-holding
properties. Gross et al. (3 l ) reported that chitosan
film is stable in high-humidity environments. It
has better absorbing properties on the hair than
do traditional polymers used in hair products, and
also prevents static charges during brushing;
d) good thickening properties. N-carboxymethyl
chitosans can increase the viscosity of solutions.
The viscosity-increasing capacities are related to
their molecular weight (8). Li (24) reported watersoluble chitosans obtained by ultrasonic treatment
have an effect on the flow consistency index, which increases with molecular weight and concentration of water-soluble chitosans used in the system.
Resu lts of a one-time, cumulative irritation test
on shaved rabbit skin and a one-time ocular test
indicated no irritation to shaved skin or cornea,
and no extraneous-material was left on the cornea (27). These res ults indicate tha t chitinous
materials are good ingredie nts for cosmetics.
Excessive sun exposure is knows to cause solar
eythema and is also suspected to induce long-terrn
effects such as aging and tissue da mage. UVA
plays a major role in these deleterious effects (32).
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The amount of sun screen applied, the size of the
treated area, the regulation of the film thick:ness,
the time between application and irradation, the
phototype and other phenotypical variations of the
volunteers, the quality and spectral distribution of
the irradiance, and the uniformity of the solar simulator, etc. are factors effecting the SPF value of
products (33). The efficacy of sun screen preparations depends not only on the absorption spectrum
of the organic filtering (intensity and band width)
but also on their photochemical behavior. The latter govems the degree of effective protection left
after a predetermined exposure time (34). Homer
et al. (12) reported an in vivo study showing a positive effect on the water resistance of sun protection emulsions by a high molecular weight chitosan, Hydagen® CMF, leading to a higher skinprotection property. Furthermore, chitosans have
wound-healing properties (35-36), another advantage for sun protection products. The effects of
using water-soluble chitosans as an ingredient in a
sun screen lotion formula on the sun protection
factor (SFP), hydration, and other physico-chemical properties were evaluated.

chitosans was determined by high performance
liquid chromatogrpahy (HLPL) by the method
of Chen et al. (38).

Degree of deacetylation determination
The degree of deacetylation of water-sol uble
chitosans prepared from an ultrasonic method
was determined by FTIR methods (39).

Solubility test
The solubility of water-soluble chitosans was determined by the method ofYalpani and Hall (40).
The molecular weight, degree of deacetylation,
and solubility of water-soluble chitosans used in
these studies are listed in Table I.

Preparafion of sun screening
lofion

Water-soluble chitosans were prepared by ultrasonic treatment (37) for 3,30, and 120 min to
obtain U3 chitosan, U30 chitosan, and U 120
chitosan, respectively.

The formula of the sun screening lotion modified from formulation 7019/l C of Sun Smat Inc.
(Wainscott, New York, USA) is listed in Table
IL Water-soluble chitosans were used to replace
the thickening agent (xanthan gum) and chelating agent (Na.EDTA). The procedures were to:
mix group A and group B ingredients and heat
to 75 °C separately; add Z-cote HPl to mixture
B and stir for 20 min; add group D ingredients
to the C/B mi xture, then pour the mixture into A
mixture; add Germaben when the C/B/A mixture is cooled to 45 °C, then cool to get the product.

Characferisfics of wafer-soluble
chitosan

Characferizafion of fhe prepared
sun screen lofion

MATERIALS ANO METHODS
Preparafion of wafer-soluble
chifosan

Viscosity of sun screening lotion
Molecular weight determination
The molecular weight of prepared water-soluble
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A 5-ml aliquot of sun screening lotion was placed onto a cone/plate celi (pk 45) which was
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Table I
MOLECULAR WEIGHT, DEGREE OF DEACETYLATION, AND SOLUBILITY OF WATER-SOLUBLE
CHITOSANS PREPARED WITH VARIOUS SONICATION TIMES AT 300 W AND 4 ±0.2 °C

Sonication time
(min)

Molecular weight
(x 106 Da)

Degree of
deacetylation ( % )

Solubility in water
(g/dl)

U3 chitosan

2.24

83.2

0.955'

U30 chitosan

1.62

82.9

0.965'

UI 20 chitosan

1.17

84.2

0.966'

• Yalues (n = 3) followed by the same superscript within the same column are not significantly different (P>0.05 by Duncan 's
multiple range test).
U3 chitosan, U30 chitosan, and U 120 chitosan were obtained by ultrasonic treatment on a chitosan acetic acid solution for 3,
30, and 120 min; after which they underwcnt dialysis and freeze drying, respectively.

maintained at 25 °C. Viscosity measurements
were performed at shear rates of 0-100 s· 1 with a
Haake Viscometer CV20 (Haake Mess-Technik
Gmbh. Co., Germany).

Color and color difference
measurements

ced in the celi of a Color and Color Difference
Meter (Model JP7100F, Juki Optek Co., Japan)
to measure lightness (L value), redness (a+value), and yellowness (b+value). A blank was
used to calculate the color difference; The standard plate of a, b, and L are - O.O 1, -0.38, and
98.29 respectively. The whiteness was calculated by the equation:

A 8.0-g aliquot of sun screening lotion was pia-

Table Il
FORMULA FOR SUN SCREENING LOTION

Group
A

Trade name

Generic name

Deionized water

Percentage
77.5

Xanthan Gum

0.3

Propylene Glycol

1.5

Sodium Etylenediamine Tetra Acetic Acid

O.I

Isopropyl Myristate

IO.O

A

KELTROL T

A

PROPYLENE GLYCOL

A

NA4EDTA

B

IPM

B

CRODAFONS N3N

DEA-Oleth-3 Phosphate

O.I

e

Z-Cote HPI

Zinc oxide/Dimethicone

5.0

D

ARLACEL 165

Glycerol Stearate and PEG 100 Stearate

3.0

D

DC 344 Fluid

Cyclomethicone

I.O

D

PROMUGEND

Ceteayl Alcohol and Ceteareth-20

3.0

D

ESCALOL557

Octyl Methoxycinnamate

7.5

E

GERMABEN II

(Propylene glycol; Diazolidinyl urea;
Methylparaben; Propylparaben)

I.O
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Stability test
High temperature storage
Sun screening lotion was placed in a beaker, covered wi th my lar to prevent evaporation of moisture, and maintained in a 50 °C oven where it
was observed daily. The elapsed time when phase separation took piace was recorded.

Cyclic temperature storage

patch of skin on the volar forearm of 7 healthy
volunteers whom were fully informed of the nature of the study and the procedure involved.
Changes of electrical capacitance were recorded
over time with a skin alayzer SHP88 (Sebumeter
+ Corneometer + pH-me ter, Courage + Khazaka/Germany) randomly at 8 points and expressed as capacitance increase ratio, CIR:
Electrical capacitance after applying sun
screening lotion
CIR = - - - - - - - -- - - - - - Electrical capacitance of the skin with no
sun screening lotion applied

Sun screening lotion was placed in a beaker, covered with mylar, and kept inside an oven. On
successive days, the temperature was changed
from 4 °C, to 25 °C, to 50 °C than back to 4 °C.
The elapsed time when phase separation took
piace was recorded.

Sun protection factor
measurement

Centrifugation test

Animai test (in vivo test)

S un screening lotion was placed in a tube and
centrifuged at 3000 rpm for 30 min (Hitachi CF
15D2, Hitachi Co., Japan), after which any phase separation was recorded.

A 0.2-g aliquot of sun screening lotion was even
applied to ca. a 25 cm 2 patch of shaved rabbit
(NZW) skin and irradiated with UVA light w ith
a UVA lamp (Model UVL-56, UVP, Co., USA)
or UVB light with a UVB lamp (Model UVL57, UVP, Co., USA) (45). Rabbits were kept in
an air-cond itioned room (25 ± 0.5 °C and 5060% RH). The time before applying the lotions
and irradiation was 15 min. The minimum
erythema doses (MED) was assessed visually
24 h after UV ex posure. Sun protection factor
(SPF) is calculated by:

Sensitivity test
A 0.1-g aliquot of sun screening lotion was appl ie d to ca . a 9 cm 2 patch of shaved rabbit
(NZW) skin. Rabbits were kept in an air-conditioned room (25 ± 0.5 °C and 50-60% RH). The
sensiti vity of the s kin was evaluated by the
Draize score method (41 ).

Water-holding capacity test
The water-holdi ng capacity of the skin was tested by the corneometer method (42-44). T he
corneometer measures changes of electrical capacitance wh ich is related to the moisture contents of the skin before and after applying the
sun sc reening lotion. A 0.2-g aliquot of sun
screening lotion was even applied to ca. a 25 cm 2
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Originai electrical capacitances were between
13.4 and 14.2 corneometer unit.

Minimum erythema doses on skin with
sun screening lotion

SPF=---------------Minimum erythema doses on skin without
protection lotion

Artificial skin test (in vitro test)
A 0.025-g aliquot of sun screening Jotion was
applied onto a plate of artificiaJ skin , then irradiated with UVA light with an UV Transmittan-
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ce (UV lOOOS, Labsphere, Co., USA) to obtain
criticai wavele ngth and SPF va lue. The SPF value obtained was used to evaluate the protection
effic iency on UVA.

RESULTS
Viscosify of sun screening lofion
Results in Fig. 1. Show that the apparent viscosities of sun screen lotion measured ac 10 s-' are 9.2
x 10', 7 .6 x I04, and 6.8 x 10' cp for those sun
screen lotions contain ing U3, U30, U 120 chitosan s respectively. The apparent viscosities decreased to 0.5 x 104, 0.3 x LO", a nd O.I x 104 cp
respective ly when they were sheared at 100 s- 1•
The results show that sun screen lotions containing water-soluble chitosans were shear-thinning
solutions. Ta ble III shows the effect of adding
different molecular weights and concentrations of
water-solumble chitosans on the parameters of
the power law equation, e.g., fl ow behavior index
(n) and flow consistency index (k) of sun screening loti on measured at 23 ± 0.2 °C. The flow
behavior index of sun screening lotions is less
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Fig. 7 - Relationship between shear rate and apparent viscosity of sun screening lotions containing 0.2% of different mo/ecu/ar weight water-so/uble chitosans at 23 ± 0.2 °C (MW: + 2.42 x 70' Da, •
1.62 x lo> Da, .A I. 77 x IO' Da, • 0.3% Xanthan
Gum 7.3 x 70' Da).

than l. The results indicate that the sun screening
lotions are pseudoplastic fluids. The flo w consistency indexes (k) of sun screening lotion increased from 4.1 3 to 4.82 with increasing concentrations of U3 chitosan from O. I% to 0.2% in the
fo1mu la. Results in Table IV show that at a shear
rate of 7 s-', the apparent viscosities of sun screen
lotions increased from 6.2 x 101 to 9.0 x 10 3 cp
with increasing chitosan concentrati ons from
O. I% to 0.2% of U3 chitosan in the formula. The
flow consistency index (Table III) or the apparent
viscosity (Table IV) of sun screen lotion increased with increasing molecular weight of watersoluble chitosans used (of the same concentration
o f water-soluble chitosan). Apparent viscosities
of sun screening lotion containing 0.3% xanthan
are lower than those containing 0.2% U3 chitosan but higher than those containing 0 .2% U30 or
0.2% U 120 chitosan.

Color of sun screening lofion
Table V sho ws the effect of adding different
molecular weights and concentrations of watersol uble chitosan on b, a, and whitness of sun
screening lotions. The b+ or a+ va lue increased
with increasing concentration of water-soluble
chitosan (of the same molecular weight) used.
The b+ va lue of su n sc reen lotion conta ining
0.3% xanthan gum was similar to those lotions
conta ining 0.2% water-soluble c hitosan but higher than those containing O. I % water-solu ble
chitosans. However, the a+ val ue is lower than
those containing water-soluble chitosans. The
whiteness of sun ~c reeni ng lotions containing
different concentrati ons of water-soluble chitosans (of the same molecular weight) or containin g different molecular weight water-sol uble
c hitosans (of same concentration) were not sign ificantly different; Diffe rences in whiteness
am ong sun screening lotions containing 0.3%
xanthan gum and those containing water-soluble
chitosans (0.1-0.2%) were not significantly different neither.
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Table lii
EFFECT OF ADDING DIFFERENT MOLECULAR WEIGHTS AND CONCENTRATIONS OF
WATER-SOLUBLE CHITOSANS ON THE PARAMETERS OF THE POWER LAW MODELS
OF SUN SCREENING LOTION AT 23±0.2 °C

Conc. (%)

U3 chitosan

U30 chitosan
N

o.4o·•

4.1 I'

0.40'

4.07'

0.41 '

0.36'

4.323

0.38'"

4.263

0.39bo

N

Contro!

4.52'

0.37"'

O.IO

4.13'
4.82 1

0.20

U120 chitosan

K

K

K

N

K: consistency index; N: flow behavior index.
a-e Values (n = 3) followed by the same superscript within the same column are not significantly different (p>0.05 by Duncan 's multiple range test).
1-4 Values (n = 3) followed by the same superscript within the same column are not significantly different (p>0.05 by Duncan's multiple range test).
U3 Chitosan, U30 Chitosan, and U120 Chitosan are the same as in Table I.

Table IV
EFFECT OF MOLECULAR WEIGHT AND CONCENTRATION OF WATER-SOLUBLE CHITOSANS USED
ON THE APPARENT VISCOSITY ANO SHEAR STRESS (SHEAR RATE OF 7 s-1)
OF SUN SCREENING LOTION AT 23 ± 0.2 °C

Conc. (%)

U3 chitosan
3
T}app (X 10
Shear
stress (Pa)
cps)

Contro!

8.422

5.62"'

O.IO

6.2'

4.2500

0.20

9.01

5.73'

U30 chitosan
3
T}app (X 10
Shear
cps)
stress (Pa)
6.0'6
7.6

3

4.19"
4.83•

U120 chitosan
3
Shear
T/•P P (X 10
stress (Pa)
5.8' 6
4

6.8

4. 14"
4.36'

a-e Values (n = 3) followed by the same superscript within the same column are not significantly different (p>0.05 by Duncan 's multiple range test).
1-6 Values (n = 3) followed by the same superscript within the same column are not significantly different (p>0.05 by Duncan's multiple range test).
U3 Chitosan, U30 Chitosan, and U 120 Chitosan are the same as in Table I.

Emulsion stability of sun
screening lotion
Table VI shows the effect of adding different
molecular weights and concentrations of watersoluble chitosan on the emulsion stability of sun
screen lotion. Sun screening lotions containing
0.2% water-soluble chitosans were stable to
centrifuging forces regardless the molecular
weight of water-soluble chitosans used. Howevcr. those containing 0.1 % water-soluble chito-
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sans were not stable to centrifuging forces. Sun
screening lotions containing 0.2% U3 chitosan
or 0.3% xanthan gum were stable for more than
3 mo during high temperatures, or stable for 10
rounds of cyclic temperature storage. However,
for those containing 0.2% U30 chitosan or 0.2%
U120 chitosans, they could only last for 2 mo of
high-temperature storage or for 7-8 rounds of
cyclic temperature storage. Emulsion stability
of those sun screen lotions containing 0.1 % water-solu ble chitosan only lasted for I wk of
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TableV
EFFECT OF ADDING DIFFERENT MOLECULAR WEIGHTS AND CONCENTRATIONS
OF WATER-SOLUBLE CHITOSANS ON b, a ANO WHITNESS VALUES OF SUN SCREENING LOTION

Conc. (%)

Contro!

0.1

2.07..

U3 chitosan

U30 chitosan

U120 chitosan

1.9()<

1.78•

1.96"'

0.2

1.98•

2.00•

2.100·

Conc. (%)

Contro!

a value
U3 chitosan

U30 chitosan

Ul20 chitosan

O.I

0.58S

0.63•

0.69'

0.73•

0.2

0.68'

0.75'

0.76'

Conc. (%)

Contro I

Whiteness value
U3 chitosan

U30 chitosan

Ul20 chitosan

O.I

93.28'

93.25'

93.27'

93.27'

93.07•

93.18··

93.14••

0.2
a-d Values (n

= 5) for b value

followed by the same s uperscript within the same column are noi significantly different

(p>0.05 by Duncan 's multiple range test).

** The higher the b value, the yellower the produci.
a-e Values (11 = 5) for a values followed by 1he same supe rscript within 1he same column are noi significantly different
(p>0.05 by Duncan's multiple range test).
** a+ values indicate reddness, a- indicates greenness, the higher the a+ value, the redder the produci.
a-b Values (n =5) for whiteness values followed by the same superscript wi1hin the same column are not significantly different (p>0.05 by Duncan 's multiple range test).
** whileness = 100- [( 100-L)' + a' +b' ]'n. The higher the whiteness value, the whiter the produci.
U3 Chitosan, U30 Chitosan, and U 120 Chitosan are the same as in Table I.

high-temperature storage or 4 rounds of cyclic
temperature storage.

Safety of vita/ moisture cream
Table VI shows that the Draize scores were O
for sun screening lotions containing water-soluble chitosans. However, for that containing
0.3% xanthan gum, the Draize score was 2.

RH 63%. After applying sun screen lotion, the
electrical capacitance increase ratio increased
28%-38%, then decreased, and finally leveled
off. The electrical capacitance increase ratios
were 26%, 22%, 19.2% and 17.5% after applying sun screening lotions containing 0.2%
U3 chitosan, 0.3% xanthan gum, 0.2% U30 chitosan, and 0.2% Ul20 chitosan, respectively, for
60 min.

Water-holding capacity

Sun protection factor of sun
screen lotion

Fig. 2 shows the changes of electrical capacitance increase ratio with time after applyi ng sun
screening lotion containing 0.2% of different
molecular weight of water-soluble chitosans and
0.3% xanthan gum measured at 23 ± 0.2 °C and

The effect of adding 0.2% of different molecular weight water-soluble chitosans on the sun
protection facto r (SPF) val ue of sun screening
lotions via in vivo test ranged between 7.5 and
5.6 for UVA and 14.5 and 16.2 for UVB (Table
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TableVI
EFFECT OF ADDING DIFFERENT MOLECULAR WEIGHTS AND CONCENTRATIONS OF
WATER-SOLUBLE CHITOSANS ON THE STABILITY, PH AND SAFETY OF SUN SCREENING LOTION

Sample

Conc.

pH

Stability test

%

Centrifuging*

50 °C

Cyclic
temp.

Safety***
(Draize
score)

Xanthan

0.30

No separation

>3 mo

>Imo

7.3-7.8

2

U3 chitosan

0.20

No separation

>3 mo

>Imo

6.8-7. 1

U3 chitosan

O.IO

Separati on

I wk

2 wk

6.9-7.2

U30 chitosan

0.20

No separation

2 mo

3.3 wk

6.7-7.0

U30 chitosan

O.IO

Separati on

I wk

2 wk

6.9-7.2

o
o
o
o
o
o

U 120 chitosan

0.20

No separation

2mo

3 wk

7.0-7.2

U 120 chitosan

O.IO

Separati on

I wk

3 wk

6.8-7.0

Centrifuging at 3000 rprn for 30 rnin. at 25 °C.
** Cyclic ternperatures were at 25 °C~50 ° C~4 °C~25 °C.
*** Draize scores of O indicates no erytherna.
U3 chitosan, U30 chitosan, U 120 chitosan are the sarne as in table I.

VII). UVA values are moderate, whereas UVB
values ranged between 16.0 and 19.7 via in vitro test (Table VII).

DISCUSSIQN
Viscosity of sun screening lotion
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Fig. 2 - Chonges of copocitonce increose ratio
with time ofter opplying sun screening lotion contoining 0.2% of different moleculor weight wotersoluble chitosons meosured ot 23 ± 0.2 °C ond RH
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The apparent viscosity of sun cream lotions decreased with increasing shear rate (Fig. 1). The
results indicate that sun cream lotions containing water-soluble chitosans were shear-thinning solutions. Table III shows the flow behavior index to be less than l for ali sun cream lotions prepared. Results in Table III confirm the
shear-thinning properties of sun cream lotions
shown in Fig. l. Apparent viscosities of su n
cream lotions increased with increasing concentrations of water-soluble chitosans used (of the
same molecular weight) or increased with increasing molecular weight of water-soluble chitosans used (of the same concentration of watersoluble chitosan) as shown in Table IV Judging
from the volume ratio of the oil phase and water
phase and the HLB value of the surfactant used,
the sun cream lotions prepared by the formula
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Color of sun screening lotion

Table VII
EFFECT OF ADDING 0,2 o/o OF DIFFERENT
MOLECULAR WEIGHT WATER-SOLUBLE
CHJTOSANS O N THE SUN PROTECTION
FACTOR (SPF) VALUE OF SUN SCREENING
LOTION BY IN VIVO TEST

Sample

SPF value
UVA*

UVB**

Contro!

7.2

15.4

U3 chitosan

7.5

16.2

U30 chitosan

6.8

15.0

U 120 chitosan

5.6

14.5

* UVA wave lcngth of 365 nm.
** UVB wave length of 302 nm.
In vivo test: Three shaved rabbits were exposed to UVA light with a UVA lamp (model UVL-56, UVP) or UVB light
with UVB lamp (model UVL-57, UVP) at 22 ± 0.2 °C.
The time needed to produce erythema was recorded to calculate the SPF value.
U3 chitosan, U30 chitosan, U 120 chitosan are the same as in
Table I.

listed in Table li are oil -i n-water type e mulsions. The viscosity of an o/w emul sion system
depends on the viscosity of a continuous phase
wh ich in turn depend s on th e concentration
and/or molecular we ight of the polymer used in
the continuous phase. T herefore, viscosities of
s un creams lotions containing 0. 3% xanthan
g um were lower than those of lotions contai ning
0.2% U3 ch itosan but were hi g her than those
containing 0.2% U30 or U 120 chitosan or 0.1 %
water- soluble chitosans studied (Ta ble I V).
Muzzarelli (8) reported that N-carboxymethyl
chitosans can increase viscosities of a solution,
whic h is relateci to their molecular weight. Li
(24) reported that water-soluble chitosans obtained by ultrasonic treatment affect the flo w consistency index. T he flo w consistency index increased with increasing molecular weight and
concentration of water-soluble chitosans used in
the system. Res ults of both reports are cons istent with the results shown in F ig. 1, and Table
III and IV.

Res ults in Table V show that the color of s un
screen lotions containing water-soluble chi tosans were a recider but a slightl y less orange color than those containing 0.3% xanthan gum. It
may be due to the astacence remaining at the time of c hi tosan preparati on. An increasi ng red
color of s un screen lotion may appeal to consumers due to the perceived warrnth of this color.

Emulsion stability of sun
screening lotion
Results in Table VI show that s un screen lotions
conta ining 0.2% U3 c hitosans were stable to
centrifuging forces, stable fo r more than 3 mo in
high temperatures, or stable fo r I O rounds of cyclic temperature storage. However, those containing lower molecular weight or lower concentrations of water-solu ble chitosans were not stable. Those results indicate that a minimum apparent viscosity <?f 8.4 x l03 cps (at a shear rate
of 7 s- 1, Table IV) is required for suffic ient
emulsion stability. This stabil ity was attributed
to higher molecular weight and/or concentration
of polysaccharide used, which increased the viscosity of the continuous phase forrning a physical barrier between the oil/water interface, thus,
reducing the chances of oil drops coalescencing
and stabilizing the emul sion (46).

Safety and stability of sun screen
lotion
Table VI also shows that the Draize scores of
sun screening lotion were O fo r those containing
water-solu ble chitosans. This indicates that those s un screening lotions resulted in no e rythema
o n shaved rabbit skin. However, sun screening
lotion containing 0.3 % xanthan gum produced a
Draize score of 2. T his may be due to the pHs
of those sun screen Jotions containing water-so-

66

Sun protection and skin hydration effects and physico-chem1cal properties of sun screen lotion ...

luble chitosans being between 6.8 and 7 .2 whereas, pHs of sun screening lotions containing
0.3% xanthan are 7.3-7.8. The results indicate
that chitosans have better chelating ability than
does xanthan g um.

Water-holding capacify
The efficacy of skin hydration in terms of water-holding capacity of the skin was tested by
the corneometer method (42-45). The corneometer measures changes of electrical capacitance relateci to the moisture contents of the stratu m corn e um before and after app lying su n
cream lotions. Results in Fig. 2 show that after
applying sun cream lotions containing 0.2% of
different molecular weight water-soluble chitosans or 0.3% xanthan gum, the electrical capacitance increase ratio increased, then decreased,
and fi nally leveled off. The reason for this pattern my be because after applying sun cream lotions, moisture content of the skin increased, so
the electrical capacitance increased accordingly.
Water evaporateci as the time went by, so the

Table VIII
EFFECT OF ADDING 0.2% OF DIFFERENT
MOLECULAR WEIGHT WATER-SOLUBLE
CHITOSANS ON THE SUN PROTECTION
FACTOR (SPF) VAL UE OF SUN SCREENING
LOTION BY I N VI TRO TEST

Sample

UVA*
Contro!

SPF value
UVB**

a*

18.6

U3 chitosan

a

19.7

U30 chitosan

a

17.7

U 120 chitosan

a

16.0

* a indicates SPF value is moderate.

** Wave length of 352-362 nm.

In vitro test: Sun screening lotion was applied to an artificial
skin then UV transmittance (UV IOOOS, Labsphere, Co.,
USA) was measured.
U3 chitosan, U30 chitosan U 120 chitosan are the same as in
Table I.

67

electrical capacitance decreased. At last, the ingredients dissolved in water formed a film on
the surface of the skin after the water had evaporateci which prevented further water evaporation and therefore, the electrical capacitance increase ratio leveled off. Results in Fig. 2 also
shows that the water-holding capacity of sun
screening lotion containing 0.3 % xanthan gun
was better than those containing 0.2% U30 or
Ul20 chitosan, but was inferior to that containing 0.2% U3 chitosan. This may be due to different apparent viscosities (Table IV) resulting
from using different molecular weight polymers; The water-holding capacity of sun screening lotion increased when using water-solu ble
chitosans of higher molecular weight.

Sun profecfion facfor of sun
screen lofion
Results in Table VII and VIII show that SPF value of sun screening lotions containing 0.2% U3
chitosan via in vivo test ranged between 7.5 and
5.6 for UVA and 14.5 and 16.2 for UVB (Table
VII). UVA values are moderate, whereas UVB
values ranged between 16.0 and 19.7 via in vitro test (Table VIII). Results also show that both
UVA and UVB values increased with increasing
apparent viscosity of sun screening lotions resulting from using different molecular weight
water-soluble chitosans. Although the SPF va1ue of formu la 70191/lC are claimed to be
21.47 by Sunsmart Inc. in vivo with 5 subjects.
The discrepancy may be due to the percentage
of water used in our fo rmula was higher than
the originai one. Homer et al. (12) reported an
in vivo study which showed that a high molecular weight chitosan, Hydagen® CMF, had a positive effect on the water resistance of sun protection emulsions, therefore leading to higher
skin protection properties. Furthermore, chitosans have wound-healing properties (35-36)
which is another advantage for sun protection
products.

Rong Huei Chen. Ruei Shyun Heh

CONCLUSION
Sun screen lotions containing different molecular weights and/or concentrations of water-soluble chitosans are pseudoplastic fluids. Apparent
viscosity of sun screen lotions increased with
increasing molecular weigh and/or concentration of water-soluble chitosans used in the formul a. Increasing appare nt viscosity of s un
screen lotions via using water-soluble chitosans
improve the stability of the products, enhance
skin hydration and sun protection effects of sun
screen lotions thus prepared. These beneficiai
effects may be attributed to water-soluble chitosans have good water-holding capacity, th ickening, and would-healing, properties.

AKNOWLEDGEMENTS
The authors would like to express their gratitude
to National Science Council, Republic of China
(Project NO: NSC 86-2313-B-019-006) for their
financial support.

68

Sun protection ond skin hydrot1on effects ond physico-chem1col propert1es of sun screen lotion ....

REFERENCES
1. Domard A., Roberts G., Varum K. (1997) Advances in Chitin Science, Volume. Il. Jacques
Andre Publishe1; Lyon, France.
2. Chen R., Chen H. (1999) Advances in Chitin Science, Volume Ill. RITA Advertising Co., Ltd.
Taipei, Taiwan , ROC.
3. Chang C. (1997) The effect of adding chitinous materials on the qualities of the Alaska pollack
kamaboko. MS Thesis, National Taiwan Ocean University. (in Chinese).
4. Lang G., Konran E., Wendel H. (1986) Chitosan derivatives: water-soluble products by reaction with e poxides. In: Chitin an Nature and Technology. Muzzarelli R., Jeuniaux C., Gooday G.
Ed. Plenum Press, NY, pp. 303-306.
5. Muzzarelli R. (1977) Chitin. Pe1gramon Press. Oxford. pp. 3-12.
6. Hayes E., Davies D., Munroe V. (1978) Organic solvent system for Chitosan. In: Proceedings
of the First lnternational Conference on Chitin!Chitosan. Muzzarelli R., Pariser E. Eds., pp.
103-106.
7. Austin P. (1984) Chitin solvents and solubility parame te rs. In: Chitin, Chitosan, and Related
Enzymes. Zi kaki s J. Ed. Academic Press, INC. Orlando, P. 227.
8. Muzzarelli R., Weckx M., Filippini O., Lough C. (1989) Characteristic properties of N-Carboxybutyl chitosan. Carbohydr. Polym. 11: 307-320.
9. Izume M. (1997) A novel humectant composed of a chitosan de rivati ve succinyl c hitosan. Fragrance J. 12: 112-11 7 (in Japanese).
10. Alexander P. (1991) The fou ndation of beauty. Manufact. Chem., May, 27-33.
11. Wachter R., Stenberg E. (1996) Hydagen® CMF in cosmetic applications efficacy in different
in-vitro and in vivo measurements. In: Advances in Chitin Science, Volume I. Domard A., Jeuniaux C., Muzzarelli R. , Roberts G. Ed. Jacques Andre Publishe r, Lyon, France, pp. 38 1-388 .
12. Horner V., Pittermann W., Wachter R. (1997) Efficiency of high molecular weight chitosan in
skin care application. In: Advances in Chitin Science, Volume Il. Domard A., Roberts G., Varum
K. , Ed. Jacques Andre Publisher, Lyon, France. Pp. 67 1-677.
13. Knor D. (1982) Functional properties o f c hitin and chitosan. J. Food Sci. 48: 36-41.
14. Magdassi S., Neiroukh Z. (1990) Chitin particles as O/W emulsion stabilizers. J. Dispersion
Sci. Technol. 11 (1): 69-74.
15. Rinaudo M., Dung P., Milas M. (1992) A new and simple me thod of synthesis of carboxymethylchitosans. In "Advance in Chitin and Chitosan". Brine C. , Sandford P., Zikakis J. Ed. Elsevier Sci. Publishers ltd. New York. pp. 5 16-525.
16. Muzzarelli R. (1992) Modified chitosans carrying sulfonic acid groups. Carbohydr. Polym. 19:
23 1-236.
17. Zheng M ., Hirano S. (1995) Nove! N-unsaturated fatty acid an n-trimethyl acetyl derivatives of
chitosan. Carbohyd1: Polym. 26: 205-209.
18. Kurita K., Yoshino H., Nishimura S., Ishii S. (1993) Preparation and biodegradability of chitin
derivatives having mercapto groups. Carbohyd1: Polym . 20: 239-245.
19. Hirano S., Konda Y., Fuji K. (1985) Preparation of acetylated derivatives of modified chitooligosaccharides by the depolymerization of partially N-acetylated chitosan with nitrous acid.
Carbohydr. Res. 144: 338-341.
20. Sashiwa H., Saimoto H., Shigemasa Y., Tokura S. (1993) N-acetyl group distribution in partial1y cleacety lated chitins prepared under homogeneous condi tions. Carbohydr. Res. 242: 167- 172.

69

Rong Huei Chen. Ruei Shyun Heh

21. Varum K., Ottoy M., Smidsrod O. (1994) Water-solubility of partially N-acetylated chitosans
as a function of pH: Effect of chemical composition and depolymerisation. Carbohyd1: Polym.
25: 65-70.
22. Otakara A. (1987) In "developmenr and application of chitin and chisotan" , Industriai Technology Association. Toko. pp. 16 1-164.
23. Shyur J. (1995) Preparation of water-soluble chitosan and its physico-chemical properties. MS
Thesis, National Taiwan Ocean University. (in Chinese)
24. Li C. (1997) Physico-chemical and rheological properties of water-soluble chitosan. MS Thesis,
National Taiwan Ocean University. (in Chinese)
25. Chang J. (1996) Effect of shear force, ultrasonic treatment or combined treatments on the phydico-chemical properties of chitosan and its application on water-soluble chitosan processing.
MS Thesis, National Taiwan Ocean University. (in Chinese)
26. Matsumura S., Cheng H., Minami M., Yoshikawa S., Karitoni T. (1989) Synthesis and water
uptake and holding capacity of chitin and chitosan derivatives. Oi/ Chem., 38: 492-500.
27. Izume M. (1989) Application of chitin chitosan in toilet products. Bio Industry. 6 (7): 75-83 .
(in Japanese)
28. Fox C. (1990) Polymers cosmetic and pharmaceutical applications. Cosmetics & Toiletries. Nov.
pp. 71-79.
29. Vandamme E. (1996) Bacteria in front mirror: Biocosmetics vis microbial synthesis. Agro Food
lndustry /-li. Tech. Jul./Aug. pp. 3-8.
30. Sakurai K., Fujimoto J., Shibano T., Takahashi T. (1983) Gas permeation through chitosan
mem branes. Sen-1 Gakkaishi. 39 (11): 493-498.
31. Gross F. Konrad E., Mager H. (1982) Investigation on chitosan as a natural film forming ingredient in hair cosmeti c products under the consideration of ecologica! aspects. In "Chitin and
Chitosan Proceedings of the Second l nternational Conference on Chitin and Chitosan" . Hirano
S., Tokura S. Ed. The Japanese Society of Chitin and Chitosan, pp. 205-209.
32. Robert C., Muel B., Benoit A., Dubertret L., Sarasin A., Stary A. (1996) Celi survi val and
shuttle vector mutagenesis induced by ultraviolet A and ultraviolet B radiati on in a human celi
li ne. J. Invest. Dermatol. 106: 72 1-728.
33. Uhlmann B., Mann T., Gers-Barlag H., Alert D., Sauermann G. (1996) Consequences for
sun protection factors when solar simulator spectra deviate from the spectrum of the sun. l nt. J.
Cosmetic Sci. 18: 13-24.
34. Marginean Lazar G ., Fructus A., Baillet A., Bocquet J., Thomas P., Marty J. (1997) Sunscreens' photochemical behaviour: in vivo evaluation by the stri ppi ng method. lnt. J. Cosmetics
Sci. 19: 87- 101.
35. Kifune K. (1992) Biocompatibil ity of regererated chitin, porous materiai. In: Chitin Derivatives
in Life Science. Tokura S., Azu ma I. Ed. Japanese Society for Chitin/Chitosan. pp. 40-44.
36. Sathiraku K., How N., Stevens W., C handrkrachang S. (1996) Application of chitin and chitosan bandages for wo und healing. In: advances in Chitin Science. Domard A., Jeuniaus C.,
Muzzarelli R., Roberts G., Ed. Jacques Andre Publisher, Lyon France, pp. 490-492.
37. Chen R., Chang J., Shyur J. (1999) Taiwan Patent pending. 1999.
38. Chen R., Chang J., Shyur J. (1997) Effects of ultrasonic conditions and storage in acidic solutions on changes in molecular weight and polydi spersity of treated chitosan. Carbohyc/1: Res.
299: 287-294.

70

Sun protect1on and sk1n hydrat1on effects and phys1co-chem1cal propert1es ot sun screen lot1on

39. Baxter A., Dillon M., Taylor K. (1992) Improved method for i.r. determination of the degree of
N-acetylation of chitosan. Int. f. Biol. Macromol. 14: 166-169.
40. Draize F., Woodard G., Calvery H. (1948) Appraisel of the safety of chemicals in food, drugs
and cosmetics. Pharmacol. 93: 377-392.
41. Leveque J., De Rigai J. (1983) Impedance methods for studying skin moisturisation. J. Soc.
Cosmet. Chem.n 34: 419-428.
42. Gehring W., Wenz J., Gloor M. (1997) Influence of topically applied ceramide/phospholipid
mixture on the barrier function of intact skin, atopic skin and experimentally induced barrier damage. /nt. J. Cosmetic. Sci. 19: 143-156.
43. Yalpani M., Hall L. (1984) Some chemical and analytical aspects of polysaccharide modification. 3 formation of branched-chain, soluble chitosan derivatives. Macromolecules. 17: 272-281.
44. Yazan Y., Arslan K., Seiller M. (1997) Formulation and evaluation of a multiple emulsion containing glycolic acid. Drug cosmetics lndustry, 160 (1): 30-37; 101-103.
45. Montenegro L., Bonina F., Rigano L., Giogilli S., Sirigu S. (1995) Protective effect evaluation
of free radical scavengers on UVB induced humn cutaneou erythema by skin reflectance spectrophometry. Int. J. Cosmetic Sci. 17: 91-103 .
46. Sharma S. (1981) Gum and hydrocolloids in oil-water emulsions. Food Technol. 35 (1): 59-63.

71

