RESEARCH COMMUNICATIONS

1. Wael, N. H., Wen-Jun, L., Mohammed, I. A., Hammouda, O.,
Ahmed, S. M., Li-Hua, Xu and Jiang, C. L., Nocardiopsis alka-
liphila sp. nov., a novel alkaliphilic actinomycetes isolated from
desert soil in Egypt. Int. J. Syst. Evol. Microbiol., 2004, 54, 247—
252.

2. Schippres, A., Bosecker, K., Willscher, S., Sproer, C., Schumann,
P. and Kroppenstedt, R. M., Nocardiopsis metallicus sp. nov., a
metal-leaching actinomycetes isolated from an alkaline slag dump.
Int. J. Syst. Evol. Microbiol., 2002, 52, 2291-2295.

3. Groth, I., Schumann, P., Rajney, F. A., Martin, K., Schuetze, B.
and Augsten, K., Bogoriella caseilytica gen. nov., sp. nov., a new
alkaliphilic actinomycetes from a soda lake in Africa. Int. J. Syst.
Evol. Microbiol., 1997, 47, 788-794.

4. Mitsuiki, S., Sakai, M., Moriyama, Y., Goto, M. and Furukawa,
K., Purification and some properties of keratinolytic enzyme from
an alkaliphilic Nocardiopsis sp. TOA-1. Biosci. Biotechnol. Bio-
chem., 2002, 66,164—167.

5. Tsujibo, H., Kubota, T., Yamamoto, M., Miyamoto, K. and Inamori,
Y., Characteristics of chitinase genes from an alkaliphilic actino-
mycete, Nocardiopsis prasina OPC-131. Appl. Environ. Micro-
biol., 2003, 69, 894-900.

6. Dietera, A., Hamm, A., Fiedler, H. P., Goodfellow, M., Muller, W.
E., Brun, R. and Bringmann, G., Pyrocoll, an antibiotic, antipara-
sitic and antitumor compound produced by a novel alkaliphilic
Streptomyces strain. J. Antibiot., 2003, 56, 639-646.

7. Uyeda, M., Metabolites produced by actinomycetes — antiviral anti-
biotics and enzyme inhibitors. Yakugaku Zasshi, 2004, 128, 469-479.

8. Fiedler, H. P. et al., Marine actinomycetes as a source of novel
secondary metabolites. Antonie Van Leeuwenhoek, 2005, 87, 37-42.

9. Kokare, C. R., Mahadik, K. R., Kadam, S. S. and Chopade, B. A.,
Isolation, characterization and antimicrobial activity of marine
halophilic Actinopolyspora species AH1 from the west coast of
India. Curr. Sci., 2004, 86, 593-597.

10. Ellaiah, P., Raju, K. V., Adinarayan, G., Prabhakar, T. and Prem-
kumar, J., Bioactive rare actinomycetes from indigenous natural
substrates of Andhra Pradesh. Hind. Antibiot. Bull., 2002, 44, 17-24.

11. Li, F. et al., Chinikomycins A and B; isolation, structure elucida-
tion, and biological activity of novel antibiotics from a marine
Streptomyces sp. isolate M045. J. Nat. Prod., 2005, 68, 349-353.

12. Manam, R. R. et «l., Lajollamycin, a nitro-tetraenespiro-beta-
lactone-gamma-lactum antibiotic from the marine actinomycetes
Streptomyces nodosus. J. Nat. Prod., 2005, 68, 240-243.

13. Saha, M. et al., Studies on the production and purification of an
antimicrobial compound and taxonomy of the producer isolated
from the marine environment of the Sundarbans. Appl. Microbiol.
Biotechnol., 2005, 66, 497-505.

14. Basilio, A., Gonzalez, 1., Vicente, M. F., Gorrochategui, J., Cabello,
A., Gonzalez, A. and Genilloud, O., Patterns of antimicrobial acti-
vities from soil actinomycetes isolated under different conditions
of pH and salinity. J. Appl. Microbiol., 2003, 95, 814.

15. Pandey, A., Shukla, A. and Majumdar, S. K., Utilization of carbon
and nitrogen sources by Streptomyces kanamyceticus M27 for the
production of an antibacterial antibiotic. Afr. J. Biotechnol., 2005,
4, 909-910.

16. Bhattacharyya, B. K., Pal, S. C. and Sen, S. K., Antibiotic produc-
tion by Streptomyces hygroscopicus D1.5: Cultural effect. Rev.
Microbiol., 1998, 29, 36—41.

17. Legator, M. and Gottlieb, D., The dynamics of chloramphenicol
synthesis. Antibiot. Chemother., 1953, 3, 809-817.

18. Hobbs, G., Frazer, C. M., Gardner, D. C. J., Flett, F. and Oliver, S.
G., Pigmented antibiotic production by Streptomyces coelicolor
A3 (2): Kinetics and the influence of nutrients. J. Gen. Microbiol.,
1990, 136, 2291-2296.

19. Francois, V. and Stephane, A., Nitrogen source governs the patterns
of growth and pristinamycin production in ‘Streptomyces pristin-
aespiralis’. Microbiology, 2001, 147, 2447-2459.

CURRENT SCIENCE, VOL. 91, NO. 10, 25 NOVEMBER 2006

20. Aharonowitz, Y. and Demain, A. L., Nitrogen nutrition and regu-
lation of cephalosporin production in Streptomyces clavuligerus.
Can. J. Microbiol., 1979, 25, 61-67.

21. Haque, S. F., Sen, S. K. and Pal, S. C., Nutrient optimization for
production of broad spectrum antibiotics by Streptomyces anti-
bioticus Sr15.4. Acta Microbiol. Hung., 1995, 42, 155-162.

22. Suetsuna, K. and Osajima, Y., Cultural conditions for production
of griseorhodin by a culture of Streptomyces californicus JCM6910.
Suisan Diagakko Kenkyu Hokoku, 1990, 38, 17-22.

Received 11 November 2005; revised accepted 4 July 2006

Variation of bioactive components in
Curcuma longa in Thailand

Werayut Pothitirat and Wandee Gritsanapan*

Department of Pharmacognosy, Faculty of Pharmacy,
Mahidol University, 447 Sri-Ayudhaya Road, Ratchathewi,
Phayathai, Bangkok 10400, Thailand

Curcuma longa L. (turmeric) is a popular medicinal
herb of Thailand as a spice and a colouring agent.
Medicinal uses of the rhizome arise from volatile oil as
a carminative and for antifungal activity, and yellow
curcuminoids for anti-oxidative and anti-inflamma-
tory properties. In Thailand, C. longa is mainly used
in forms of capsules/tablets of turmeric powder for
herbal medicine, while its extract is popularly used in
herbal cosmetics. Thus quality assessment of this plant
needs to be controlled for the limits of volatile oil and
total curcuminoids contents. This study was under-
taken to evaluate the contents of essential oil and total
curcuminoids in dried powder of C. longa rhizome col-
lected from 13 locations from North, Northeast, Central
and South Thailand during January to April 2005,
The highest content (8.20 + 1.66% v/w) of essential oil
was found in samples from the North where the cli-
mate is cool, while the lowest oil content (7.00 + 0.00%
v/iw) was found in samples from the South where it
rains all year. In contrast, the highest total curcuminoids
content (8.99 + 0.83% w/w) was found in the southern
samples while the lowest content (4.80 + 1.83% w/w)
was found in the northern samples. The total curcu-
minoids in all samples was found in the limit of
3.07 £ 0.09 to 9.58 + 0.20% dry weight. The average of
volatile oil content was found to be 7.77 £ 1.20% w/w,
while the average of total curcuminoids content was
found to be 6.24 £ 1.95% w/w. This information will
be useful as a guidance for standardization of C. longa
powder and the extracts, and finding sources of good
quality of C. longa in Thailand.

Keywords: Curcuma longa, curcuminoid content, tur-
meric oil, Thailand.
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THE rhizomes of turmeric (Curcuma longa L., Zingib-
eraceae) play an important role as a colouring agent in
foods, cosmetics and textiles'. The main yellow bioactive
substances in the rhizomes are due to curcumin and two
related demethoxy compounds, demethoxycurcumin and
bisdemethoxycurcumin (Figure 1). Turmeric has been re-
ported to possess anti-inflammatory, hepatoprotective,
antitumour, and antiviral activitiesz, anticancer activity3
and used in gastrointestinal and respiratory disorders®.
Curcuminoids exhibit free-radical scavenging property”®,
antioxidant activity’ and act as inhibitors of human im-
munodeficiency virus type 1 (HIV-1) integrase®. Turmeric
oil is composed of several monoterpene and sesquiter-
pene compounds such as zingiberene; ar-, - and PB-tur-
merone’. The main biological activities of the oil are car-
minative, antiflatulence, antifungi10 and as an antiplatelet
agent'".

In Thailand, C. longa can be cultivated in all regions of
the country. The Standard of ASEAN Herbal Medicine
and Thai Herbal Pharmacopoeia (THP) recommended
that dried turmeric should contain not less than 6.0% v/w
of turmeric oil and 5.0% w/w of total curcuminoids9’12,
while WHO recommended that dried turmeric should
contain not less than 4.0% v/w of turmeric oil and 3.0%
wiw of total curcuminoids'?, Thus, this study was undertaken
to determine the amount of volatile oil and total curcumi-
noids in the powder of turmeric collected from different
parts of Thailand during the harvesting period (Decem-
ber—February)'*. The results could be used for a database
of medicinal plants of the country and also as a basis in
further standardization of turmeric extracts that have not
been reported.

Rhizomes of C. longa were collected from 13 different
locations in the North, Northeast, Central and South of
Thailand (Figure 2) during January—April 2005. The
samples were identified by comparison with specimens at
the Forest Herbarium, Department of National Park,
Wildlife and Plant Conservation, Ministry of Natural Re-
sources and Environment, Bangkok. The voucher speci-
mens (WCL01051-WCL010513) were deposited at the
Department of Pharmacognosy, Faculty of Pharmacy,
Mabhidol University, Bangkok, Thailand.

0 (0]
R1 e \_)L)‘\ R2

HO OH

Curcumin: R, =R, = OCH,
Demethoxycurcumin: R, =H, R, = OCH
Bisdemethoxycurcumin: R;, R, =H

3

Figure 1. Structure of curcuminoids.
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Fresh rhizomes were cleaned and cut into small pieces
and air dried for 2 days. The samples were further dried
in a hot-air oven at 50°C for 24 h, and then ground into
powder and passed through a sieve (20 mesh).

Volatile oil content in turmeric powder was determined
as described in THP". Turmeric powder (10 g) was taken
in a 500 ml round-bottom flask. Distilled water (100 ml)
was added and the mixture was distilled at a rate of 2-3 ml
per min for 5 h. The content of volatile oil was calculated
as percentage in dried powder (Figure 3).

Quantitative determination of total curcuminoids content
in each sample of C. longa was performed by the method
described in the Standard of ASEAN Herbal Medicine’
and THP" with a Perkin-Elmer spectrophotometer in the
visible range at 420 nm using a 1.0 cm quartz cell. Software
UV Winlab was used for all absorbance measurements
(Figure 3). Total curcuminoids content was calculated using
a standard curve (Figure 4). Analysis of each sample was
done in triplicate.

For preparation of standard solution, standard curcumin
(2.00 mg) (cat # C-1386, purity 60-70%) was accurately
weighed and transferred to a 5-ml volumetric flask.
Methanol was added and adjusted to a final concentration
of 400 ug/ml. From this solution, concentrations of 0.8,
1.6, 2.0, 2.4 and 3.2 ug/ml were prepared and used for
preparation of the calibration curve. For preparation of
sample solution from turmeric powder, the powder
(300.00 mg) of each sample was separately transferred to
a 10-ml volumetric flask. Tetrahydrofuran was added to
volume and mixed. The mixture was set aside at room
temperature for 24 h with frequent shaking. One millilitre
of the clear supernatant liquid was transferred and diluted
with methanol to 25 ml volume. This solution (1 ml) was
then transferred to a 50-ml volumetric flask, and diluted
to volume with methanol (Figure 3).

All samples of turmeric rhizome were collected during
winter—summer (January—April 2005) during the harvesting
period. High volatile oil content was found in the samples
from the North (average 8.20 = 1.66% v/w) and Northeast
(average 8.00+0.00% v/w) of Thailand where the
weather is cool and dry during winter, while low volatile
oil content (average 7.00£0.00% v/w) was found in
samples from the South where the weather is humid, and
not warm or cool during all seasons (Table 1).

The contents of volatile oil in all powdered samples are
within the limits recommended by the Standard of
ASEAN Herbal Medicine’ and THP', which should not
be less than 6.00% v/w in dried powder.

For total curcuminoids, only three of thirteen samples
contained less than 5% w/w dried powder, which is
within the recommended amount by THP. Samples from
the South contained the highest contents (average 8.99 £
0.83% w/w), while those from the North contained the
lowest contents (average 4.80 + 1.83% w/w; Table 1).

In this study, the limit of volatile oil in all turmeric
samples was in the range of 6—10%v/w and the limit of
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Figure 2. Curcuma longa rhizomes collected from different locations in Thailand.
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Figure 3. Process for extraction and determination of volatile oil and curcuminoid contents of C. longa from 13 locations.

total curcuminoids was 3-10% dry weight. The results
show that 77% of all samples passed the standardized
limits of volatile oil and total curcuminoids according to
THP and the Standard of ASEAN Herbal Medicine. Ac-
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cording to WHO guidelines, all samples were found to
pass the recommended limits of volatile oil and total cur-
cuminoids. These results indicate that most of the C.
longa grown in Thailand contains high yield of bioactive
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Table 1. Contents of volatile oil and total curcuminoids in turmeric powder collected from different locations in Thailand
Volatile oil content (% v/w) Total curcuminoids (% w/w)
Location Code Content Average Content Average
North (N) Chiang Mai 7.33+£0.58 8.20 + 1.66 3.70 £ 0.04 4.80 £1.83
Lampang 10.00 £ 0.00 7.34£0.04
Phitsanulok 8.00 £ 0.00 6.09 £0.02
Phetchabun 9.67 £0.58 3.78+£0.02
Sukhothai 6.00 £ 0.00 3.07 £0.09
Northeast (NE) Nakhon Ratchasima 8.00 £ 0.00 8.00 £ 0.00 7.54 £0.03 7.57 £0.04
Sakon Nakhon 8.00 £ 0.00 7.60 £0.03
Central (C) Kanchanaburi 6.33 £0.58 7.50x£1.11 5.51+£0.02 5.60 £ 0.88
Nakhon Pathom 7.33+£0.58 7.32+£0.03
Chachoengsao 7.331+0.58 5.58+0.01
South (S) Phangnga 7.00 £ 0.00 7.00 £ 0.00 9.58 £0.20 8.99 £0.83
Surat Thani 7.00 £ 0.00 8.41+0.04
Average 7.77+1.20 6.24 £ 1.95
% contents were expressed as mean = SD.
Analysis of each sample was done in triplicate.
n.r 6. Song, E. K. ef al., Diarylheptanoids with free radical scavenging
05 +—v = 0.1773% + 0.0073 and hepatoprotective activity in vitro from Curcuma longa. Planta
RZ=1 / Med., 2001, 67, 876-877.
8 05— / 7. Jayaprakasha, G. K., Rao, L. J. and Sakariah, K. K., Antioxidant
% n4 activities of curcumin, demethoxycurcumin and bisdemethoxycur-
5 " cumin. Food Chem., 2006, 98, 720-724.
8 0.3 / 8. Mazumder, A., Raghavan, K. and Weinstein, J., Inhibition of human
<02 immunodeficiency virus type-1 integrase by curcumin. Biochem.
/ Pharmacol., 1995, 49, 1165-1170.
0 9. ASEAN Countries, Standard of ASEAN Herbal Medicine Vol. 1,
0 T T T T T T Aksara Buana Printing, Jakarta, 1993, pp. 193-206.
u] 0.5 1 1.5 2 25 3 3.5 10. Fransworth, N. R. and Bunyapraphatsara, N., Thai Medicinal
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Figure 4. Calibration curve of curcumin standard in methanol deter-
mined by UV spectrophotometer.

constituents. The data will be useful as a basic information
of finding appropriate locations of high-quality turmeric
in Thailand. It can also be used as a guidance for further
standardization of turmeric extracts for pharmaceutical
production and cosmetics.
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