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Abstract
Introduction:  The rhizomes of Curcuma zedoaria Roscoe have been used to treat infection and inflammation 

in the Thai traditional medicine. The traditional preparation of C.zedoaria is done performed 
by steaming the rhizome before drying and using. There has been no information about the 
effect of the steaming on the chemical components and the activity of C.zedoaria. In this 
report, therefore, we compare the chemical content, anti-inflammatory and antimicrobial 
activities of steamed, and non-steamed rhizomes of C.zedoaria.

Methods:  The steamed and non-steamed rhizomes of C.zedoaria were extracted by maceration with 
50% and 95% ethanol to obtain the ethanolic extracts. Then, the extracts were analyzed 
for curcuminoid content by HPLC technique, antimicrobial activity and anti-inflammatory 
activity by nitric oxide (NO) production inhibition assay.

Results:  The highest curcuminoid content (152.23 ± 1.80 mg/g of dried extract) was found in the 
95% ethanolic extract of the steamed rhizome. Both the ethanolic extracts of the steamed 
and non-steamed rhizomes exhibited anti-microbial activity against S.aureus, MRSA 
and C.albicans. The 95% ethanolic extract of the steamed rhizomes showed the highest  
inhibition effect on nitric oxide production with IC50 value of 11.22 ± 1.21 µg/mL.  

Conclusion: From these results, it was concluded that the steaming process can increase the curcuminoid 
content and biological activities of  C.zedoaria rhizomes. The best solvent for extraction of 
this plant part is 95% ethanol which give the highest percent yield of extract and strongest 
antimicrobial and anti-inflammatory activities.

Keywords:  Curcuma zedoaria, Curcuminoids, Steamed rhizome, Anti-microbial activity,  
Antiinflammatory activity
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Introduction
Curcuma zedoaria Roscoe or zedoary is  

a member in the family Zingiberaceae. It is a 
perennial rhizomatous herb. The rhizome has a 
brown bark, with orange-yellow inside. It is native 
to Southeast Asia and South Asia such as India, 
Nepal, China, Japan, and Thailand. The Traditional 
medicine has used this rhizome to treat menstrual 
disorders, dyspepsia, vomiting, diarrhea, burns, 
thorns and wound healing.1 

Curcuminoids are the main chemical 
constituents found in zedoary, consisting of  
bisdesmethoxycurcumin, demethoxy-curcumin, 
and curcumin.2 Furthermore, the rhizome of zedoary 
contains sesquiterpenoids, monoterpenoids and 
essential oils.3 These substances have extensive 
pharmacological effects, such as antimicrobial, 
anti-inflammatory and antioxidant activities.4-8 
Recently, it has been shown that the ethanolic  
extract of steamed ginger exhibits higher inhibitory 
effect on prostaglandin E2 and nitric oxide than 
that of non-steamed ginger.9 The report suggested  
that the steaming process can increase biological 
activities of herbal medicine. 

In the case of zedoary, Thai traditional 
doctors steam the rhizome before using due to  
their beliefs that the process would increase the 
biological activities of raw material. However, there 
has been no scientific report to confirm this, and 
thus, this prompted us to compare the curcuminoid  
content, antimicrobial and anti-inflammatory  
activities of steamed rhizome and non-steamed 
rhizome of zedoary. 

Materials and Methods

1. Plant materials 
The rhizomes of C.zedoaria were purchased 

from an organic farm at Nakhon Ratchasima, 
Thailand in January 2019. They were identified by 
comparing with the authentic voucher specimens at 
the Bangkok herbarium, Thailand. The herbarium 
voucher specimen was BK No. 070333. 

2. Chemicals and reagents
Ethanol was purchased from C.M.J  

Anchor company, Thailand. Curcuminoids  
standard, ampicillin, vancomycin, amphotericin 
B and resazurin sodium salt were purchased from 

Sigma, UK. Muller Hinton broth, nutrient agar, 
sabouraud dextrose agar were purchased from 
Difco, USA. Dulbecco’s Modified Eagle’s medium 
(DMEM), fetal bovine serum, trypsin-EDTA and 
penicillin-streptomycin were purchased from Gibco, 
USA. MTT, lipopolysaccharide, N-(1-Naphthyl)  
ethylenediamine dihydrochloride, phosphoric acid 
85%, sulfanilamide and prednisolone were obtained 
from Sigma, USA. Acetonitrile, methanol and acetic 
acid were purchased from RCI Labscan, Thailand.

3. Plant extraction
All fresh rhizomes were cleaned and  

divided into two parts. The first part was steamed 
at 121°C for 15 minutes in an autoclave while the 
second part was not steamed. Both steamed and 
non-steamed rhizomes were dried by hot air oven at 
45°C and ground into powder. Then, each rhizome 
powder (100 mg) was separated into two parts and 
macerated with 500 mL of 50% or 95 % ethanol 
for 3 days and filtered through Whatman No.1  
paper. The residue was macerated and filtered  
twice. The solvent was removed by rotary  
evaporator. The 50% and 95% ethanolic extracts 
were weighed and calculated the percent yield 
according to the formula below. All extracts were 
stored at -20°C until used.

× 100 ...(2.1)Percentage yield = weight of dried extract(g)
weight of rhizome powder (g)

4. Determination of curcuminoids content 
by HPLC 

The curcuminoids content in C.zedoaria 
extracts was analyzed with HPLC connected with 
UV detector (Thermo Separation Product®). The 
analysis was implemented using an analytical  
column C18 size 250x4.60 mm (Phenomenex®, Luna 
5u) and a security guard cartridge (Phenomenex®  
kit KJO-4282). Acetonitrile and 0.25% acetic acid 
in an aqueous solution was used as the mobile phase 
with gradient elution as follow: 90:10, 0 min; 80:20, 
5 min; 55:45, 20 min; 55:45, 55 min; 60:40, 55.1 
min; 50:50, 60 min; 5:95, 65 min; 5:95, 65.1 min; 
90:10, 70 min; 90:10, at flow rate 1 mL/min, except 
for 20, 50 and 55 min, flow rate 0.8 mL/min.2

The stock solutions of standard curcuminoids 
were prepared at concentration of 10 mg/mL in 
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methanol. Standard solution of 10 to 3000 μg/mL 
were prepared and injected (5 µL) into the HPLC 
system for calibration plots.

The sample solutions were dissolved with 
methanol at a concentration of  5 mg/mL. Then,  
5 µL of sample solution was injected into the HPLC 
system. The analysis was performed in triplicate. 
The concentrations of curcuminoids were calculated 
using the calibration curves of curcuminoids.

5. Anti-microbial activity 
Microorganisms used for anti-microbial 

tests
Two strains of bacteria, namely Staphylococcus 

aureus ATCC 25923 and methicillin resistance 
Staphylococcus aureus (MRSA) DMST 20651 
were streaked onto nutrient agar and incubated 
at 37°C for 24 hours. Candida albicans ATCC 
8684 was selected for antifungal activity  
testing. C.albicans was cultured on Sabouraud 
dextrose agar (SDA) and incubated at 37°C for  
48 hours. After incubation, a single colony was 
transferred into Muller Hinton broth (MHB) for 
further experiment.

Minimum inhibitory concentration 
(MIC)

MIC was investigated by using a microtiter 
plate-based method incorporating resazurin 
as an indicator.10 In brief, a serial dilutions of  
C.zedoaria extracts from 0.078-10 mg/mL were  
prepared in MHB. Then, 50 μL of each concentration 
was transferred into 96 well plate in triplicate. 
Bacteria or fungus that was cultured in MHB was 
adjusted turbidity to 0.5 McFarland standard and 
diluted 200 times with MHB. The bacteria or fungus 
culture (50 µL/well) was added into each well of 
96 well plate containing C.zedoaria extracts and 
incubated 18-20 hours at 37°C for bacteria and 
40 hours for fungus. After incubation, 10 µL of 
resazurin (1 mg/mL) was added into each well and 
further incubated at 37°C for 2 hours. The MIC 
value is the lowest concentration of crude extract 
that gave unchanged resazurin colour. 

Minimum microbicidal concentration 
(MMC)11

The microbial  solution from MIC  
testing that showed unchanged resazurin colour 

was streaked on to NA and incubated at 37°C for 
24 hours while fungus was streaked onto SDA 
and incubated at 37°C for 48 hours.  The MMC 
value was the lowest concentration that showed no  
colonies on NA or SDA. 

6. Anti-inflammatory activity
The anti- inflammatory activity of  

C.zedoaria extracts was investigated using the  
inhibition of nitric oxide production in LPS- 
stimulated RAW264.7 cells.12 RAW264.7 cells 
were cultured in DMEM medium supplemented 
with 10% fetal bovine serum, 100 U/mL of  
penicillin, and 100 µg/mL of streptomycin. These 
cells were sub-cultured every four days. RAW264.7 
cells were seeded into 96-well plate with a  
concentration of 1×105 cells/well (100 µL/well)  
and incubated for 24 hours at 37°C in a 5% CO2  
incubator. After that, the fresh medium (100 µL/
well) containing 10 ng/mL of LPS was replaced 
into the control and sample wells while the fresh 
medium without LPS was added into the control 
blank and sample blank. The extracts were prepared 
with two-fold serial dilution and added to each well. 
The final concentration of extract was 3.125-100  
µg/mL. Then, plate was incubated at 37°C for  
24 hours in 5% CO2 incubator. After incubation,  
100 µL of supernatant was removed to new 
96-well plates and 100 µL of Griess reagent 
was added into each well. The absorbance 
was measured at 570 nm by using a microplate 
reader. The percentage of inhibition was calculated 
using the formula:

× 100 ...(2.2)Percentage inhibition = OD control - OD sample
OD control

The IC50 values of extract were calculated 
using the Prism program. After that, 10 µL of MTT 
solution (5mg/ml) was added into each well of the 
96-well plate that contained the cell and incubated 
for 2 hours at 37°C in 5% CO2. Finally, all medium 
was removed and isopropanol containing 0.04 
MHCl 100 µL was added to each well to dissolve  
the formazan. The absorbance was measured with  
a microplate reader at 570 nm. The percent survival 
was calculated using the formula: 

× 100 ….(2.3)Percentage survival = OD sample
OD control

The test samples that showed less than 70% of percent 
survival  were toxic to the cells.
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2. Determination of curcuminoid content in 
C.zedoaria extracts by HPLC

The HPLC chromatogram of three 
main components, i.e. bisdemethoxy-curcumin,  
demethoxycurcumin and curcumin are shown in 
Figure 1.

The mean correlation coefficient of the  
curcuminoids calibration curve was 0.9998. The 
linear calibration curve of curcuminoids was  
represented by the equations y = 34473x + 534800.  

The curcuminoid content of C.zedoaria  
extracts including ZSE50, ZSE95, ZNE50 and 
ZNE95 were analyzed by HPLC, as shown in  
Figure 1 and Table 1. The sample of ZSE95 showed 
the highest curcuminoid content with 152.23 ± 1.80 
mg/g of dried extract, followed by those of ZNE95, 
ZSE50 and ZNE50, respectively. However, the   
curcuminoid content in C.zedoaria extracts could  
be increased by steaming process. The steamed  
rhizome extracts was found to contain higher 
curcuminoid content than non-steamed rhizome 
extracts (Table 1) .

Figure 1 The HPLC chromatograms of curcuminoid content in (a) ZSE50, (b) ZSE95, (c) ZNE50  and (d)  
 ZNE95.

Statistical analysis
 All experiments carried out in triplicate. 

All results are expressed as the mean ± standard 
error of mean (SEM). Statistical analysis was  
performed using Prism program and significance  
(P - value < 0.05) was determined by one-way 
analysis of variance (ANOVA), following Tukey's 
HSD test.

Results

1. The yield of C.zedoaria extracts
The steamed and non-steamed rhizomes 

of C.zedoaria were macerated with 50% ethanol 
and 95% ethanol. The percent yield of each extract 
are shown in Table 1. The steamed rhizomes with 
95% ethanol provided the highest extractive value 
with the yield of 20.49%, followed by the 50%  
ethanolic extract of the steamed rhizomes. The yield 
of the non-steamed rhizomes extracts was lower  
than the steamed rhizomes extracts.
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Table 1 The percent yield and Curcuminoids content of C.zedoaria extracts

Sample Solvent (%) Code Yield (%)
Curcuminoids 
content (mg/g 

of dried extract)

Steamed rhizomes
50 EtOH ZSE50 14.82 76.16 ± 2.06
95 EtOH ZSE95 20.49 152.23 ± 1.80

Non-steamed 
rhizomes

50 EtOH ZNE59 11.84 67.51 ± 2.88
95 EtOH ZNE95 13.37 91.95 ± 4.14

3. Antimicrobial activity
All ethanolic extracts showed inhibitory 

effect against S.aureus and MRSA with the MIC 
range of 0.3125-0.625 mg/mL and MMC range 

of 0.625-1.25 mg/mL as shown in Table 2. There 
was little difference between the steamed rhizome 
extracts and non-steamed rhizome extracts on  
antibacterial activity. 

Sample

Microorganisms
S.aureus MRSA C.albicans

MIC MIC MIC MIC MIC MIC
(mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml)

ZSE50 0.625 0.625 0.3125 1.25 1.25 >5
ZSE95 0.3125 0.625 0.3125 0.625 0.625 0.625
ZNE50 0.625 0.625 0.3125 1.25 1.25 >5
ZNE95 0.625 0.625 0.625 1.25 1.25 >5

Ampicillin 0.00024 NT NT
Vancomycin NT 0.00048 NT

Amphotericin B NT NT 0.0019

Table 2 The  MIC and MMC values of C.zedoaria extracts and positive control

Note: NT = Not tested, MIC = Minimum inhibitory concentration, MMC = Minimum microbicidal  
concentration

For antifungal activity, MIC range of all 
extracts were found to be in the range of 0.625-
1.25 mg/mL while only ZSE95 had the bactericidal  
effect against C.albicans with MMC value of 0.625  
mg/mL. The results indicated that ZSE95 was the 
most potent extract, it could inhibit the growth 
of S.aureus, MRSA and C.albicans. ZSE95 also 
contained the highest curcuminoid content.  
However, the highest component of curcuminoids 
that contained in C.zedoaria  extract was  
dimethoxycurcumin, as shown in Figure 1. The 
95% ethanolic extract of steamed rhizome contained  
the highest curcuminoid content, which explained 
the highest antibacterial activity. 

4. Anti-inflammatory activity
All extracts were investigated for the 

inhibition effect on nitric oxide production in 
LPS-stimulated RAW264.7 cells. The samples of 
ZSE50, ZSE95 and ZNE95 showed toxicity against 
RAW264.7 cells at 100 µg/mL, and therefore their 
IC50 of nitric oxide production inhibition was not 
calculated. All extracts that showed the inhibitory 
effect on nitric oxide production are shown in Table 3. 
The ZSE95 sample had the strongest nitric oxide 
inhibition with IC50 of 11.22 µg/mL, followed by 
ZNE95 and ZSE50 with the IC50 values of 16.34 
and 24.82 µg/mL, respectively. The weakest  
activity was ZNE50 (IC50 = 82.80 µg/mL), as  
illustrated in Figure 2. However, our study focused on  
curcuminoids which are also the active component 
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in C.zedoaria. We found that the inhibition effect of 
all C.zedoaria extracts was lower than curcuminoids 
(IC50 = 5.70 µg/mL) and prednisolone (IC50 = 1.21 
µg/mL), as demonstrated in Table 3 and Figure 2. 
Our results suggested that there was the possible 
relation between the inhibition of nitric oxide  
production of C.zedoaria extracts and antibacterial 

activity. The 95% ethanolic extract of the steamed 
rhizome was the most potent extract with stronger 
inhibition on nitric oxide production as compared 
to other extracts. These activities could have been 
due to the highest curcuminoids content in this 
extract (Table 1). 

Figure 2  IC50 values of C.zedoaria extracts, curcuminoid standard and prednisolone on inhibition of nitric 
oxide production (n = 3), *significant difference (P < 0.05) when compared with prednisolone as 
a positive control. 
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Discussion 
Previous studies have shown that the  

highest composition of curcuminoids in C.zedoaria 
extracts are dimethoxycurcumin.1 However,  
the composition of curcuminoids depend on  
plant species such as Curcuma longa showed the  
highest percentage of curcumin in curcuminoids  
composition.13 The percentage of alcohol used in  
extraction affected curcuminoid content in  
C.zedoaria extracts. The highest yield of curcuminoids 
in C. zedoaria extracts was obtained from  
maceration in 95% EtOH. This was in accordance 
with previous report which showed increasing 
solubility of curcumin by high polarity solvent 
such as 95% EtOH.14 Other factors such as the type  
of solvent, particle size of plant material and  
extraction time also have effects on the extraction 
yield of phenolic compounds.15 

The ethanolic extract of C.zedoaria has 
been previously reported for its antibacterial  
activity.5, 16 Similarly, our results showed that  
ethanolic extracts could inhibit S.aureus and  
MRSA. Curcumin has previously been reported 
that it has an inhibitory effect against S.aureus and 
MRSA with MIC values ranged from 125 to 250  
µg/mL.16, 17 Furthermore, the co-incubation of  
antibiotics with curcumin showed lower MIC values of 
antibiotics than the single treatment of antibiotics.16 
In addition, C. albicans was suppressed by curcumin 
via the inhibition mechanism of H+extrusion that 
lead to intracellular acidification and cell death.18  

Dimethoxycurcumin which is present in C.zedoaria 
has been reported to inhibit the growth of E.coli,  
S.aureus and Shigella dysenteriae with MIC values 
of 512, 1,024 and 1,024 µg/mL, respectively.19  

Besides, the essential oil from C.zedoaria obtained 
by heating under 121°C for 20 minutes has been 
reported to retain its antibacterial activity.20 From 
the above findings, it can be concluded that the 
high temperature in steaming process is in favor of 
curcuminoid content and antimicrobial activity of 
C.zedoaria.

Another report has shown that the metha-
nolic extract of C. zedoaria inhibits the nitric oxide 
production with IC50 value of 23.44 ± 0.77 µg/mL  
while curcuzedoalide which is its active compo-
nent also inhibits the nitric oxide production with 
IC50 value of 12.21 ± 1.67 µM.21 An in vivo study 

has been that the ethanolic extract of C.zedoaria 
(200 to 500 mg/kg) could inhibit inflammation in  
rats induced by carrageenan and histamine.22, 23 
Moreover, the polysaccharide from C.zedoaria  
rhizome has been found to increase H2O2, nitric 
oxide and TNF-α production in macrophage.24

Three curcuminoids, demethoxy-curcumin, 
bisdesmethoxy-curcumin and curcumin have been 
reported on their nitric oxide production inhibi-
tion in LPS-based microglia with IC50 values of  
1.45 µM, 7.12 µM, and 11.53 µM, respectively.25  

Additionally, demethoxy-curcumin and curcumin 
displayed inhibition effect on nitric oxide produc-
tion in N9 microglial cells with the IC50 values 
of 1.28 µM and 10.26 µM, respectively.26 The  
traditional preparation of plant rhizomes in  
Ayurveda medicine is usually obtained by  boil-
ing  before drying prior to use. The boiled-rhizome  
preparation has been shown to have higher  
curcuminoid content than the non-boiled one.27 

In this study, we used autoclave in steam-
ing the rhizomes of  C.zedoaria. The autoclave 
was operated by higher heat and pressure than the  
atmosphere. Prior study of steaming process on 
turmeric rhizomes also revealed the increasing 
of curcuminoids content similar to our results.28 
This could be due to the fact that steam and high  
temperature dissolve starch molecule leading to  
gelatinization and retrodegradation, after which, 
starch that acts like gel protect the inside molecule.29 
This would explain the highest curcuminoids  
content in the steamed rhizome of C.zedoaria. 
As the result, the extract with high curcuminoids 
content also showed high anti-inflammatory and 
antimicrobial activities. 

Taken together, it can be concluded that the 
steaming process can increase curcuminoids content 
and biological activity of C.zedoaria rhizomes.  
The best solvent for the extraction is 95% ethanol 
which give the highest percent yield of extract and 
exerted the strongest antimicrobial and anti-inflam-
matory activities. However, the other biological 
activities and other active components in steamed  
C.zedoaria should be further investigated to  
confirm their effects. This is the first report on the 
preparation of raw material named C.zedoaria 
needed to be steamed before drying, this finding 
supports its traditional preparation. 



53Vol. 21 No. 1 (January - April 2021)

Acknowledgements
We would like to thank Faculty of Medicine 

and Center of Excellence in Applied Thai  
Traditional Medicine Research (CEATMR),  
Thammasat University for the facilities and  
financial support of this research.

 
References

1. Lobo R, Prabhu KS, Shirwaikar A, Shirwaikar 
A. Curcuma zedoaria Rosc. (white turmeric): 
a review of its chemical, pharmacological and 
ethnomedicinal properties. Journal of Phar-
macy and Pharmacology. 2009;61(1):13-21.

2. Paramapojn S, Gritsanapan W. Free radical 
scavenging activity determination and quan-
titative analysis of curcuminoids in Curcuma 
zedoaria rhizome extracts by HPLC method. 
Current Science. 2009;97(7):1069-1073.

3. Dosoky NS, Setzer WN. Chemical composi-
tion and biological activities of essential oils of 
Curcuma species. Nutrients. 2018;10(9):1196.

4. Mun SH, Joung DK, Kim YS, et al. Syner-
gistic antibacterial effect of curcumin against 
methicillin-resistant Staphylococcus aureus. 
Phytomedicine. 2013;20(8-9):714-718.

5. Wilson B, Abraham G, Manju VS, et al. 
Antimicrobial activity of Curcuma zedoaria 
and Curcuma malabarica tubers. Journal of 
Ethnopharmacology. 2005;99(1):147-151.

6. Uechi S, Ishimine Y, Hongo F. Antibacterial 
activity of essential oil derived from Curcuma 
sp. (Zingiberaceae) against foodborne patho-
genic bacteria and its heat stability. Science 
Bulletin of the College of Agriculture-Univer-
sity of the Ryukyus (Japan). 2000;47:129–136.

7. Makabe H, Maru N, Kuwabara A, Kamo T, 
Hirota M. Anti-inflammatory sesquiterpenes 
from Curcuma zedoaria. Natural product 
research. 2006;20(7):680-685.

8. Mau JL, Lai EY, Wang NP, Chen CC, Chang 
CH, Chyau CC. Composition and antioxidant 
activity of the essential oil from Curcuma  
zedoaria. Food Chemistry. 2003;82(4):583-
591.

9. Roekruangrit N, Jaiarree N, Itharat A, et al. 
Comparative Study on Biological Activities of 
Steamed and Non-Steamed Ginger Extracts. 
Science & Technology Asia. 2019;24(4): 
94-101. 

10. Sarker SD, Nahar L, Kumarasamy Y. Microti-
tre plate-based antibacterial assay incorporat-
ing resazurin as an indicator of cell growth, 
and its application in the in vitro antibacte-
rial screening of phytochemicals. Methods. 
2007;42(4):321-324.

11. Elshikh M, Ahmed S, Funston S, et al. 
Resazurin-based 96-well plate microdilution 
method for the determination of minimum 
inhibitory concentration of biosurfactants. 
Biotechnology letters. 2016;38(6):1015-1019.

12. Makchuchit S, Rattarom R, Itharat A. The 
anti-allergic and anti-inflammatory effects of 
Benjakul extract (a Thai traditional medicine), 
its constituent plants and its some pure constit-
uents using in vitro experiments. Biomedicine 
& Pharmacotherapy. 2017;89:1018-1026.

13. Jayaprakasha GK, Jagan Mohan Rao L, 
Sakariah KK. Improved HPLC method 
for the determination of curcumin, deme-
thoxycurcumin, and bisdemethoxycurcumin. 
Journal of agricultural and food chemistry. 
2002;50(13):3668-3672.

14. Zhan PY, Zeng XH, Zhang HM, Li HH.  
High-efficient column chromatographic  
extraction of curcumin from Curcuma longa. 
Food chemistry. 2011;129(2):700-703.

15. Naczk M, Shahidi F. Phenolics in cereals, 
fruits and vegetables: Occurrence, extraction 
and analysis. Journal of pharmaceutical and 
biomedical analysis. 2006;41(5):1523-1542.

16. Mun SH, Joung DK, Kim YS, et al. Syner-
gistic antibacterial effect of curcumin against 
methicillin-resistant Staphylococcus aureus. 
Phytomedicine. 2013;20(8-9):714-718.

17. Gunes H, Gulen D, Mutlu R, Gumus A, 
Tas T, Topkaya AE. Antibacterial effects of 
curcumin: an in vitro minimum inhibitory 
concentration study. Toxicology and industrial 
health. 2016;32(2):246-250.

18.  Khan N, Shreaz S, Bhatia R, et al. Anticandidal 
activity of curcumin and methyl cinnamalde-
hyde. Fitoterapia. 2012;83(3):434-440.

19. Luo J, Yang M. Demethoxycurcumin: a  
potential antimicrobial agent. Journal of  
Thermal Analysis and Calorimetry. 2013; 
115(3): 2331-2338. 



54 Asian Medical Journal and Alternative Medicine

20. Bugno A, Nicoletti MA, Almodóvar AA, 
Pereira TC, Auricchio MT. Antimicro-
bial efficacy of Curcuma zedoaria extract as  
assessed by linear regression compared with 
commercial mouthrinses. Brazilian Journal of 
Microbiology. 2007;38(3):440-445.

21. Lee TK, Trinh TA, Lee SR, et al. Bioactivity-
based analysis and chemical characteriza-
tion of anti-inflammatory compounds from  
Curcuma zedoaria rhizomes using LPS-stimu-
lated RAW264. 7 cells. Bioorganic chemistry. 
2019;82:26-32.

22. Ullah HA, Zaman S, Juhara F, et al. Evalu-
ation of antinociceptive, in-vivo & in-vitro 
anti-inflammatory activity of ethanolic  
extract of Curcuma zedoaria rhizome. BMC 
complementary and alternative medicine. 
2014;14(1):346.

23. Kaushik ML, Jalalpure SS. Evaluation of anti-
inflammatory effect of ethanolic and aqueous 
extracts of Curcuma zedoaria Rosc root. 
Internation Journal of Drug Development & 
Research. 2011;3(1):360-365.

24. Kim KI, Shin KS, Jun WJ, et al. Effects of 
polysaccharides from rhizomes of Curcuma 
zedoaria on macrophage functions. Bio-
science, biotechnology, and biochemistry. 
2001;65(11):2369-2377.

25. Zhang LJ, Wu CF, Meng XL, et al. Com-
parison of inhibitory potency of three different 
curcuminoid pigments on nitric oxide and tu-
mor necrosis factor production of rat primary 
microglia induced by lipopolysaccharide. 
Neuroscience letters. 2008;447(1):48-53.

26. Zhang L, Wu C, Zhao S, et al. Demethoxyc-
urcumin, a natural derivative of curcumin 
attenuates LPS-induced pro-inflammatory 
responses through down-regulation of intra-
cellular ROS-related MAPK/NF-KB signaling  
pathways in N9 microglia induced by lipo-
polysaccharide. International immunophar-
macology. 2010;10(3):331-338.

27. Priyanka R, Vasundhara M, Jayaram A,  
Nuthan D. A study on curcuminoid profile 
of Curcuma longa L. varieties as affected by 
processing method. Journal of Spices and 
Aromatic Crops. 2016;25(1):26-33. 

28. Keereekoch T, Srisuwan T, Taleh R, Hem-
trakoonwong R, Chesa-ES, Subhadhirasakul 
S. Effects of Steam Sterilization Time and 
Temperature on Quality of Turmeric Powder. 
Thaksin University Journal. 2014;17(1): 
57-67.

29. Tako M, Tamaki Y, Teruya T, Takeda Y. 
The principles of starch gelatinization and  
retrogradation. Food and Nutrition Sciences. 
2014;5(3):280-291. 


