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Ethanol extract of turmeric [Curcuma longa Linn. (Zingiberaceae)] was investigated for its in vitro
antioxidant activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay and activities

against six microorganisms (Escherichia coli, Bacillus subtilis, Pseudomonas aeruginosa, Staphyloccoccus
aureus, Candida albicans and Cryptococcus neoformans). Clear liquid soaps containing 0.5% w/v turmeric

extract were formulated. The only one preparation with acceptable appearance, foam and viscosity was
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 Curcuma longa Linn. (turmeric) has long
been used as a common household medicine and
as a spice in Thailand. Turmeric composed with

at  least  7%  of  a  yellow  volatile  oil  containing
turmerone and zingiberene as major constituents
and sesquiterpenes and monoterpenes types of

selected for antimicrobial activity and stability studies. It was found that turmeric extract had 50% radical

scavenging ability (EC
50

) at concentration of 11.26 µµµµµg/ml against DPPH. Turmeric extract was showed no

activity against Escherichia coli and Pseudomonas aeruginosa. The minimum inhibitory concentration of

turmeric extract against Bacillus subtilis, Staphyloccocus aureus, Cryptococcus neoformans and Candida
albicans  were 16, 128, 128 and 256 µµµµµg/ml, respectively.  The selected preparation was physically and chem-

ically stable and the antimicrobial  activity  did  not change (p<0.05) under the heating-cooling stability test.

However,  curcumin content and the antimicrobial activities against S. aureus and C. neoformans decreased

significantly (p<0.05) under the accelerated test conditions (temperature 45oC, 75% RH for 4 months) and

after storage at room temperature for 12 months. The results of a clinical trial with HIV patients found that

this liquid soap decreased itching symptom (100%) and infectious wound and abscess became dryness scabs

(78.6%) within 2 weeks.

Key words : antioxidant, antimicrobial activity, clear liquid soap, curcumin, turmeric extract,
HIV patients
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compounds;  yellow  coloring  matter  including
curcumin or diferuloylmethane (1.8 to 5.4%),
desmethoxycurcumin and bisdesmethoxycurcumin
(Thai  Herbal  Phamacopoeia,  1995).  In  old  Thai
records, the rhizomes was used to treat peptic ulcer,
dyspepsia, indigestion, insect bite and skin diseases
(Saralamp, 1996). The efficiency of turmeric by
means of scientific method has been reported for
used as peptic ulcer treatment (Prucksunand, 1986),
carminatives (Thamlikitkul, 1989), wound treat-
ment (Kuttan et al., 1987) and anti-inflammatory
agent (Yegnanarayan et al., 1976). Inhibitory effect
of  turmeric  oil  and  ethanolic  extracts  against
bacteria  and fungi has been reported (Apisariya-
kul, et al., 1995; Damrihanunt, 1990; Srinivasan,
2001; Khanha, 1999; Wuthi-udomlert, 2000). These
researches  support the use of turmeric extract for
treating skin infections. On the other hand, the
clear liquid soap which contained turmeric extract
could be used for skin infections. The objective of
this research was to study the turmeric extract and
the clear liquid soap on the antioxidant activity
using  DPPH  assay  and  antimicrobial  activities
against  six  microorganisms  (Escherichia  coli,
Bacillus subtilis,  Pseudomonas aeruginosa,
Staphyloccocus aureus, Candida albicans and
Cryptococcus neoformans).  Their  minimum
inhibitory concentration (MIC) was determined.
In order to promote both cosmetic and therapeutic
use  of  turmeric,  clear  liquid  soaps  containing
turmeric extract were formulated and tested for
their physicochemical stability as well as their
antimicrobial activities. The best clear liquid soap
formula was chosen and used for the treatment of
skin infections of HIV patients caused by bacteria
and fungi.

Materials and Methods

Plant material

The rhizomes of Curcuma longa L. (Zingi-
beraceae)  were  collected  in  April  2002  from
Amphor Hat Yai, Songkhla Province, Thailand.
Authentications of plant materials was carried out
at  the  herbarium  of  the  Department  of  Forestry
Bangkok, Thailand, where the herbarium vouchers

have  been  kept  to  specify  plant  and  species
identified. Another one of these plants has been
kept as a specimen in the herbarium of Southern
Center  of  Thai  Medicinal  plant  at  Faculty  of
Pharmaceutical Sciences, Prince of Songkla Uni-
versity, Songkhla, Thailand.

Preparation of plant extract

After  drying  at  50ºC,  the  rhizomes  were
powdered and macerated for 3 days with 95%
ethanol (3x1L). The ethanolic extract was then
evaporated to dryness under reduced pressure. The
percentage yields of the extracts  was calculated.

Assay for curcumin content

The curcumin content was determined based
on the method in the Thai Herbal Pharmacopoeia
(THP) by measuring the absorbance at 420 nm
(Thai Herbal Pharmacopoeia, 1995). Authentica-
tion of curcumin from Fluka was used to prepare
standard curcumin solution.

Assay for antioxidant activity

Scavenging  effect  of  turmeric  extract  on
DPPH radical was examined based on the method
of Hatano, et al. (1989). Curcumin and butylated
hydroxytoluene  (BHT)  were  used  as  reference
standard and positive control, respectively. Samples
for testing were dissolved in ethanol to obtain a
high concentration of 200 µg/ml. Each sample was
further diluted for at least 5 concentrations (two-
fold dilutions). Each concentration was tested in
triplicate. A portion of sample solution (500 µl)
was  mixed  with  an  equal  volume  of  6x10-5  M
DPPH (in absolute ethanol) and allowed to stand
at room temperature for 20 min. The absorbance
(A)  was  then  measured  at  520  nm.  BHT  as  a
positive standard was tested in the same system.
The scavenging activity of the samples corres-
ponded to the intensity of quenching DPPH. The
results were expressed as percentage inhibition;
%inhibition  =  [(A

control 
 -  A

sample
)/A

control
]  x  100.

Effective concentration of sample required to
scavenge  DPPH  radical  by  50%  (EC

50
)  was

obtained by linear regression analysis of dose-
response curve plots of %inhibition versus con-
centration.
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Assay for antimicrobial activity

Microorganisms

The  bacterial  and  fungal  strains  often
infecting AIDS patients were selected. Microbial
strains used for the test were Escherichia coli,
Bacillus subtilis,  Pseudomonas aeruginosa,
Staphyloccocus aureus, Candida albicans and
Cryptococcus neoformans. These included the
Gram-positive species; Bacillus subtilis (NCTC
10073) and Staphylococcus aureus (ATCC 25923),
and the Gram-negative; Escheri-chia  coli  (ATCC
25922) and Pseudomonas aeroginosa (ATCC
27853). The human fungal pathogens and yeast
(Cryptococcus neoformans and Candida albicans)
were clinical isolates obtained from the Depart-
ment of Pathology, Faculty of Medicine, Prince of
Songkla University.

Medium

The media used the Mueller Hinton agar
(MHA) (Difco, Becton Dickinson and Company,
Spark USA) for bacteria testing, and Sabouraud
Dextrose Agar (SDA)(Difco, Becton Dickinson and
Company, Spark USA) for fungi testing.

Determination of antimicrobial activity

Turmeric extract and pure curcumin were
tested for antimicrobial activity by disc diffusion
method  (Barry  and  Thornsberry,  1985).  Sterile
paper discs (6 mm) were impregnated with re-
constituted crude extracts 20 µl (concentration 50
mg/ml in ethanol) and placed on the surface of
MHA for bacteria and SDA for fungi and inoculated
with  the  microbes.  The  sample  was  tested  in
triplicate. Discs containing 20 µl of ethanol, 30
µg /disc  of  tetracycline  (Fluka)  and  5  µg/disc  of
ketoconazole  (Sigma)  were  used  as  a  solvent
control and a positive control for bacteria and fungi,
respectively. Agar plates containing bacteria and
fungi were incubated at 37ºC for 24 h and 30ºC for
48 h respectively. Inhibition zones were recorded
as the diameter of growth free zone, including the
diameter of the disc, in millimetres at the end of
the incubation period. The MIC was also deter-
mined by agar dilution method (Washington, 1985).

The minimal concentration completely inhibited
the growth of the microorganisms of the extract,
using tetracycline and ketoconazole as positive
controls. The bacteria were grown overnight in
MHA, and the yeast and dermatophyte fungi were
grown on SDA slant for 2 days. Inoculate of 103-
104 CFU were spotted with  micropipette on agar
supplemented  with  the  extract  or  antibiotic  at
concentrations ranging from 9.8-5000 µg/ml for
the leaf extract, 0.12-16 µg/ml for tetracycline and
0.002-0.12  µg/ml  for  ketoconazole.  Agar  plate
containing bacteria and yeast was incubated at
37ºC for 24 h and 30ºC for 48 h, respectively.

Preparations of clear liquid soap

Clear  liquid  soaps  containing  0.5%  w/v
turmeric extract were formulated by varying type
and/or concentration of surfactant, foam booster
and thickening agent. The preparation with accept-
able  appearance;  no  precipitation,  strong  foam
formulation, moderate viscosity (500-1500 cps)
was selected as prototype formulation. The proto-
type formulation was prepared by using sodium
lauryl ether sulfate and fatty acid amide derivative
with  betaine  as  surfactant,  coconut  fatty  acid
diethanolamine as foam booster, polyol fatty acid
ester as superfatting agent, propylene glycol as
moisturizer, sodium chloride as thickening agent
and Bronidox L as preservative.

Stability studies of prototype formulation

Curcumin  content,  antimicrobial  activity
and physical stability of prototype formulation
were monitored under heating-cooling stability test
(45ºC 12 h - 5ºC 12 h; 6 cycle), accelerated test
conditions  (45ºC,  75%  RH  for  4  months)  and
ambient temperature for 12 months. Sign of pre-
cipitation, color change, pH (using pH meter Model
20, Denver Instrument Company), viscosity (using
Viscometer Model DV III, Brookfield Engineer-
ing  Laboratories,  Inc.)  in  three  samples  were
determined after various storage times. At the
same  time,  samples  were  assayed  for  curcumin
content and antimicrobial activity by disc diffusion
method, as described above.
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Clinical used on HIV patients

Twenty two HIV patients were selected by
intentional sampling between January 2002 and
March 2002. They lived in a temple in southern
Thailand. The subjects had skin infections and
wounds on their body. They had to sign an agree-
ment for using liquid the clear liquid soap on an
ethics form before starting the experiment. The
researcher explained the overall purpose of the
study and interviewed the patients by constructive
questionnaire before staring the experiment. Each
patient had to take a bath and use this liquid soap at
least one time a day. The validity of the interview
questionnaire for collecting the data was tested
before use. The questionnaire was composed of
general data of the samples (gender, age, etc.), the
symptoms before and after using liquid soap, and
the satisfaction with the characteristics of the soap
such  as  color,  odor,  foam,  ease  of  used.  The
researcher had to take pictures of the wound on
the HIV patients'arms before giving each of them
a bottle (200 ml) of clear liquid soap. The HIV
patients were allowed to use the clear liquid soap

Table 1. Antioxidant activity of turmeric extract

and curcumin by DPPH assay (n=3).

    EC
50
 (µµµµµg/ml)

samples
Initial After storage 1 year

at room temperature

Turmeric extract 11.26±0.03    16.89±0.40**
Curcumin   2.57±0.10           2.81±0.25 (N.S)
BHT 12.45±0.30 -

**P<0.0001, N.S = non-significant comparison with initial

time

Table 2.  MIC (µµµµµg/ml) of turmeric extract on microorganisms.

MIC (µµµµµg/ml)
Microorganisms

Turmeric extract Tetracycline Ketoconazole

B. subtilis 16 <0.125 -
S. aureus 128 0.25 -
C. albicans 256 - 0.125
C. neoformans 128 - 0.5

for 2 weeks and after that they were interviewed
by the researcher. Quantitative data were analyzed
using descriptive statistics and qualitative data
using content analysis. It was evaluated by SPSS
program and tested for the comparison between
before and after using the preparation by Wilcoxon
Singed Rank test.

Results and Discussion

The  yields  of  turmeric  extract  from  dried
rhizomes were 36.04 %w/w and the curcumin
content in turmeric extract was 23.42 %w/w. After
storage  for  1  year  at  room  temperature  in  a
dessicator, the curcumin content decreased to
19.41%. The rate of decrease per year of curcumin
was 17.12% w/w. Antioxidant activity using DPPH
radical scavenging assay is shown in Table 1. It
was found that curcumin was a strong antioxidant
activity in the early study and EC

50
 of turmeric

extract was near treat BHT as positive control.
Comparison of the antioxidant activity difference
between turmeric extract and curcumin as a pure
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compound in turmeric extract was 4.4 times when
determined at the starting time. The antioxidant
activity of turmeric extract and curcumin decreased
after one year (Table 1). These results showed that
the antioxidant activity of turmeric extract was
related to quantity of curcumin content. In the
previous research, it was found that oxygen radical
scavenging activity of curcumin also was related
to anti-inflammatory activity (Kunchandy and Rao,
1990). Antimicrobial activity of turmeric extract
and curcumin were determined by disc diffusion
and agar dilution method. Turmeric extract in-
hibited all tested microorganisms except E. coli
and P. aeruginosa. Curcumin 0.5 %w/v showed no
antimicrobial activity against all tested microbes
except B. subtilis. This result indicated that anti-
microbial activities did not depend on curcumin
content.  The minimum inhibitory concentration of
turmeric extract against B. subtilis, S. aureus, C.
albicans and C.  neoforman are shown in Table 2.
This result is related with the previous report which
found that turmeric extract showed antimicrobial
activity but curcumin had no antimicrobial activity
(Chopra, et al., 1941; Bhavani and Murthy, 1979;
Chumsri, et al., 1982) and turmeric oil revealed
a better inhibitory action against microorganisms
than crude ethanol extract (Wuthiudomlert, 2000;
Apisariyakul, et al., 1995; Damrihanunt, 1990).
These results concluded that using turmeric extract
in the formulation should improve skin infection
treatment and could be considered for scavenging
free  radicals  from  inflammatory  conditions.
Although MIC of the extract was higher than that
of the pure drug (tetracycline and ketoconazole),
it was possible to use in formulation because the
extract also showed antioxidant activity retated
with anti-inflammation. By consideration of the
yield,  antioxidant  activity  and  antimicrobial
activity, the extract was selected for preparing clear
liquid soap. The concentration of turmeric extract
in liquid clear soap was used 20 times the MIC
as 0.5%w/v. The prototype formulation of liquid
clear soap containing 0.5%w/v turmeric extract
was yellow color, viscosity about 1,000 cps and
pH 5.5. It was physicochemically stable and the
antimicrobial activity did not change under the T
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heating-cooling  stability  test.  It  was  physically
stable  with  a  little  change  in  color  under  the
accelerated  test  conditions  and  the  storage  at
ambient temperature for 12 months. The curcumin
content  in  the  formulation,  pH  and  viscosity  at
various storage times are shown in Table 3. The
curcumin content under accelerated test decreased
four times at fourth months; however, it decreased
two times at twelve months in the ambient storage
test. The antioxidant activity of turmeric extract
decreased in relation to the curcumin content under
storage for one year. It is concluded that curcumin
was  not  stable  at  high  temperature  and  also
decreased  significantly  after  store  at  ambient
temperature for 3 months although the formulation
was filled in an amber glass container. It indicated
that the other components in the formula affect
curcumin stability because the decreasing rate of
curcumin in turmeric soap was more than that of
the curcumin in turmeric extract after storage for
one year.

The pH of the formula did not change under
storage at ambient temperature but decreased under
accelerated test but showed non-significantly by
t-test.  These  results  corresponded  with  the
suggestion for storage turmeric in Thai Herbal

Pharmacopoeia which suggested that turmeric
extract should be kept in a tightly closed container,
protected  from light and stored in cool and dry
place.

The antimicrobial activity on accelerated
and ambient temperature showed in Table 4. The
result showed that the clear liquid  soap contained
0.5%w/v turmeric extract inhibited Bacillus subtilis,
Staphyloccocus aureus, Candida albicans and
Cryptococcus neoformans and showed a signifi-
cant difference with clear liquid soap base in the
initial study (p<0.05). On the stability study, it was
found that under heating and cooling conditions,
the antimicrobial activity against all microorganism
did not change significantly. The antimicrobial
activity against to B. subtilis and C.albicans also
did not change under accelerated test conditions
(45ºC for 4 months) or after storing at ambient
temperature for 12 months. However, the anti-
microbial activity of soap containing 0.5% turmeric
extract against C. neoformans under accelerated
conditions at the fourth month decreased signi-
ficantly from the activity determined at the initial
time. The storage in ambient conditions also made
antimicrobial  activity  against  S. aureus  and  C.
neoformans decrease significantly (Table 4).

Table 4.  Antimicrobial activity of clear liquid soap containing 0.5 % turmeric extract.

Average inhibition zone diameters (mm) ±±±±± S.D.

at various storage time (month); (n = 3)

     45
o

C         Ambient temperature
Microorganisms       Initial

1 4 1 3 12

  B. subtilis 17.0±1.2
a

16.0±0.5 17.5±0.6 14.6±0.2 16.7±0.4 15.2±0.3 15.3±0.2
  S. aureus 14.2±0.2

a
14.3±0.3 14.4±1.2 10.3±0.3 15.5±0.9 12.9±0.3

b
10.0±0.5

b

  C. albicans 21.2±1.4
a

21.9±0.8 22.4±0.8 20.7±0.8 22.1±0.7 21.7±0.6 19.3±1.8
  C. neoformans 28.5±0.5

a
29.2±0.3 27.2±1.4 20.6±0.6

b
27.2±1.4 21.4±0.6

b
19.0±1.8

b

a

 : statistical difference from clear liquid soap base (p<0.05)
b

 : statistical difference from formulation at initial (p<0.05)

Heating

cooling
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From stability data, the accelerated condition
did not cause antibacterial change but curcumin
content changed. It confirmed that curcumin content
was not related to antibacterial activity but rather
to antioxidant activity. The stability results under
accelerated condition can indicate the age of the
liquid clear soap contain 0.5%w/v turmeric extract
as two years following standard of The Institute
of Medical Sciences, Ministry of Public health.

The result of testing with HIV patients is
shown in Tables 5-7. Most subjects were male
(52.6%) at the average age of 33 years, and the
mean duration of HIV infection of 1.6 years. The
samples  had  itching  (73.7%)  and  wounds  with
abscess (89.48%) before using the soap. The results
of using turmeric clear liquid soap after 2 weeks
showed  that  the  wounds  with  abscess decreased
and  improved  to  normal  (36.8%  and  42.1%,

Table 5. General data of HIV patients and their

skin condition.

                   General data Percentage (n=19)

1. Gender
       Female 52.6
       Male 47.4

2. Skin characteristic of patients
       Dry skin 36.8
       Oily skin 15.8
       Normal skin 47.4

3. Experience of herbal product used 68.4

Table 6. Comparison of evaluation condition of patients before using

turmeric liquid soap with after using 2 weeks (n=19).

      Number(Percentage)

After used
    Evaluation data Before used

No sign Symptom Still

decreasing standing

- Itching 14 (73.7) 11 (57.9) 3 (15.8) -
- Wound and abscess 17 (89.4) 8 (42.1) 7 (36.8) 2 (10.5)
   on skin

Table 7. The level of evaluation liquid soap by HIV patients.

Product characteristic satisfaction Average of score Meaning

                Color 3.6 good
                Good smell 3.9 good
                Foam   3.95 good
                Easy washable 3.2 moderate

Evaluation: 4.5-5 = very good, 3.5-4.49 =good, 2.5-3.49 = moderate,

1.5-2.49 = less satisfy, 0-1.49 = unsatisfy
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respectively). Itching symptoms either disappeared
or decreased after using for 2 weeks. The satis-
factions of characteristic of color, odor, foam were
good and washability was moderate. However, the
results from in-depth interviews showed that some
patients liked to use this soap and gave the reason
that it helped protect skin from drying. Their skin
would be moist and comfortable when they used
the soap. The comparison data between before and
after using by Wilcoxon signed rank test found
that the mean of before and after using clear liquid
soap for 2 weeks had significantly different (p <
0.003). The positive rank score after using turmeric
liquid soap was higher than the negative rank score
(17 and 2, respectively) (Table 8). This indicated
that HIV patients were satisfied with using turmeric
liquid soap to treat skin infection and decrease
itching. However, only 19 patients is a small sample
size, so this experiment should be extended to
more HIV patients.

Conclusion

This  study  is  a  preliminary  evaluation  of
antimicrobial  activity  of  turmeric  extract  in
cosmetic product. These results indicated that
turmeric liquid soap can be used in both cosmetic
and therapeutic preparation for skin infections. In
addition, the clinical data also support its use for
skin infection treatment of HIV patients.
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