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Curcuma longa L. rhizome extracts have polyphenolic secondary metabolites
called curcuminoid and various volatile oils. These compounds exhibit wide spectrum of
antibacterial activity. Ethanol and petroleum ether C. longa rhizome extracts were studied for
their antibacterial action against two bacteria, Escherichia coli and Staphylococcus aureus. This
activity had evaluated by employing Agar Well Diffusion method. Curcuminoid was interpreted
by pattern of High Performance Liquid Chromatography (HPLC). The ethanol extract exhibited
inhibitory effects against E. coli and S. aureus at concentration 150 mg/ml with diameter of
inhibition zone (23.000 * 0.57735 and 27.000 * 0.57735mm) respectively. On the contrary,
petroleum ether extract had inhibitory effects for E. coli and S. aureus at concentration 150
mg/ml in diameter of inhibition zone (39.000 * 0.57735 and 41.000 * 0.57735mm) respectively.
Quantitative analysis for the curcuminoid compounds from C. longa rhizome extracts revealed
highest curcumin, demethoxycurcumin and bisdemethoxycurcumin (9.12, 5.93 and 23.96 ug
/ml) respectively in the extract of petroleum ether. We concluded that the C. longa extracts
exhibited inhibitory effects against pathological bacterial growth. The essential oils obtained
by petroleum ether extract of C. longa rhizome was more influential inhibition than ethanol
extract against E. coli and S. aureus.

Keywords: Curcuma; Curcumin; Diarylheptanoid; Chromatography;
Escherichia coli; Staphylococcus aureus.

Curcuma longa L. (C. longa) is an
indispensable rhizomatous herb for its ubiquitous
usage all across the world as condiment, coloring
and cosmetic agent in addition to its medicinal
characteristics '. It is belonged to Family
Zingiberaceae. The curcuminoid and volatile
oils are the components of C. longa in addition
to sugars, proteins and resins 2. The curcuminoid
imparts a yellow color and comprises mainly
of curcumin (diferuloyl-methane), demetho-
xycurcumin and bisdemethoxycurcumin while
the volatile oils consist of tumerone, atlantone and
zingiberone. The curcumin is the major component
that responsible for the biological activities of C.

longa 3. It is a hydrophobic molecule that dissolved
in dimethyl sulfoxide, acetone, ethanol and oils
4, It exhibits wide spectrum activities, such as
antibacterial °, antifungal, antidiabetic °, anti-
inflammatory, antiviral ’, anticancerous, antiallergic
8 antiprotozoal and antioxidant features *'°. The
phenolic compounds including curcuminoid dyes
are the most important compounds that responsible
for the antioxidant activity . Each part of C. longa
(such as bulb, leaves, root, barks, peels, etc.) has
its own medicinal attributions '>!3. The leaves oil
of C. longa exhibits therapeutic, antibacterial,
antifungal and cytotoxic properties '* while the
extracts of C. Jonga roots exhibit an insect repellent
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and antimicrobial features . The powder of the
rhizome used to cure gastritis '° and used externally
as an antiseptic 7.

The medicinal plants have been conferred
a great attention due to the dilemma of antibiotic
resistance that might be emerged during its usage
in addition to their fewer potentially harmful
effects. Both of these aspects lead to increase the
popularity of folk medicine implications in the
treatment of various illnesses and searching for
newer antibacterial compounds from the plants.

The aim of this study is to assess the
antibacterial effectiveness of extracts of C. longa
rhizome against example of Gram-positive and
Gram-negative bacteria and to estimate the
curcuminoid in C. /onga rhizome extracts by
using High Performance Liquid Chromatography
(HPLC).

MATERIALS AND METHODS

Plant material

C. longa rhizome (underground stem)
was obtained from the local market in Najaf. The
plant samples were identified by the taxonomist in
department of Botany, Kufa University.

Fig. 1. Antibacterial activity of C. longa extracted
with ethanol against A. E. coli B. S. aureus

2218

Microbial Strains

Microorganisms: Escherichia coli (E.
coli) and Staphylococcus aureus (S. aureus) were
isolated from patients with infected burn wounds
who were admitted to Al-Sader Teaching Hospital
in Najaf city.
Preparation of ethanol and petroleum ether
extracts

The distilled water used to rinse soil
particles out of the rhizomes then left to air dry.
By electric grinder powder was made from the
dried rhizomes and electric weighing scale used to
weighing the powder. Preparation of the extracts
accomplished by Soxhlet apparatus with 95%
ethanol to obtain ethanol extract and with petroleum
ether to obtain essential oil. Then, to remove the
solvent, evaporation under reduced pressure by
Rotary Evaporator. After that, measuring the weight
of the extract '*.
Preparation the extract of phenolic compounds

The extract of phenolic compounds
prepared using Reflex Condenser. Fifty grams from
C. longa rhizomes powder was taken and put it in
a flask volume 1000 ml, 400 ml 2% acetic acid
as a solvent was added to it. The extract obtained
by Reflex Condenser at 70 °C for 8 hours. Then,
filtered out and the obtained solution separated by
separator funnel. We added an equal volume of
n-propanol. Two layers were resulted, the upper
layer contained the phenolic compounds. The
Rotary Evaporator accomplished the evaporation
of the solvent. The extract was treated with 1%
potassium hydroxide alcohol .
Antibacterial assay

The extent of antibacterial activity for
both C. longa rhizomes extracts, with ethanol
and petroleum ether, determined by using Agar
Well Diffusion method %°. One of the bacterial
suspensions contained Gram-negative bacteria (E.
coli) and the other suspension contained Gram-

Table 1. Antibacterial activity of C. longa extracted with ethanol against
two types of aerobic pathogenic bacteria

Bacteria Diameter of inhibition zone (mm)
At 50 mg/ml P value At 100 mg/ml P value At 150 mg/ml P value
(Mean+£SE) (Mean=SE) (Mean=£SE)
E. coli 18.333 £0.33333 0.3739 21.000 +0.57735  0.0053"  23.000 +0.57735  0.0080"
S. aureus 19.000 £ 0.57735 24.667 £ 0.33333 27.000 +0.57735

Note: * Statistically significant p value ie. p < 0.05.
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positive bacteria (S. aureus). Each suspension
accounted 1x 10°CFU/ ml. Pouring Mueller—Hinton
Agar (MHA) into Petri dishes (Three Replications
for each). Then, spreading the suspension of the
bacteria by sterile cotton swabs in the media plates
after solidifying. The plates were allowed to dry
for 15 minutes. Four wells were made using sterile
borer (8 mm) on the MHA plates.

The extract was dissolved in Dimethyl
Sulphoxide (DMSO) to prepare different extracts
concentrations at (50, 100, 150 mg /ml). We took
avolume 100ul for each extract concentration and

Fig. 2. Antibacterial activity of C. longa extracted
with petroleum ether against A: E. coli B. S. aureus
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added it to 3 wells while the 4th well was left as a
control for DMSO. To allow diffusion of the extract
into the agar we left the plates for 10 minutes at
room temperature then incubated for 24 hours at
37 °C. At last, we determined bacterial growth by
measuring the diameter of zone of inhibition and
expressed it in millimeters (mm) around each well
in the plates.
Determination of curcuminoid by HPLC
HPLC operating conditions:The
curcuminoid were estimated by HPLC according
to method that mentioned by Wichitnithad et al 2'.
HPLC analysis was performed using a Shimadzu
system that consist of CBA-20A system controller,
an LC-6AD, VP pump, DGU-20A3R degasser,
SPD-M20A Photo diode array detector, Lab
solution software and C-18 column (250 x 4.6 mm).
Reverse-phase HPLC: It comprises
isocratic system with 2.0 ml/min flow rate, 35°C
column temperature, acetonitrile mobile phase and
2% acetic acid 40:60 (v /v). The injected volume
was 20 pl. The qualitative identification of the
compounds was obtained by matching retention
time and UV spectrum (190-900 nm) for each
compound, while the quantitative measurement

Table 2. Antibacterial activity of C. longa extracted with petroleum ether against two types of aerobic pathogenic

bacteria
Bacteria Diameter of inhibition zone (mm)
At 50 mg/ml P value At 100 mg/ml P value At 150 mg/ml P value
(Mean=SE) (Mean£SE) (Mean=SE)
E. coli 20.333 +£0.33333  0.0002""  37.000 £ 0.57735 0.0668 39.000 + 0.57735 0.0705
S. aureus  29.000 + 0.57735 35.333 £0.33333 41.000 £ 0.57735

Note: * Statistically significant p value ie. p < 0.05.

Table 3. Comparison between ethanol and petroleum ether as a solvents of C. longa in antibacterial activity against two types
of aerobic pathogenic bacteria

Bacteria Solvent Diameter of inhibition zone (mm)
At 50 mg/ml P value At 100 mg/ml P value At 150 mg/ml P value
(Mean+£SE) (Mean+SE) (Mean+£SE)
E. coli Ethanol 18.333 + 0.0132* 21.000 + <0.0001*** 23.000 + <0.0001***
0.33333 0.57735 0.57735
Petroleum ether 20.333 37.000 £ 39.000 =
0.33333 0.57735 0.57735
S. aureus Ethanol 19.000 + 0.0003*** 24.667 + <0.0001*** 27.000 + <0.0001***
0.57735 0.33333 0.57735
Petroleum ether 29.000 + 35333+ 41.000 +
0.57735 0.33333 0.57735

Note: * Statistically significant p value ie. p < 0.05.
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was obtained by calculating the peak area for each
compound at a wavelength of 425 nm.
Statistical analysis

The results were interpreted by T-test
according to (GraphPad Prism, version 9) software.
The mean and standard error (SE) for each value
was determined. P value less than 0.05 was
considered as statistically significant.

RESULTS
Antibacterial activity: The ethanol extract

of C. longa rhizomes exhibited growth inhibition
for both E. coli and S. aureus bacteria at high
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concentration (150 mg/ml) with inhibition zone
diameter (23.000 + 0.57735 and 27.000 + 0.57735
mm) respectively, while at low concentration (50
mg/ml) the inhibition zone diameters were (18.333
+ 0.33333 mm) against E. coli and (19.000 +
0.57735 mm) against S. aureus, Table 1 and Figure
1.

The petroleum ether extract of C. longa
rhizome gave more achievable inhibition for
growth of both E. coli and S. aureus in this study.
Their inhibition zones diameters were (39.000 +
0.57735 and 41.000 £+ 0.57735 mm) respectively
at concentration 150 mg/ml. On the contrary,
the concentration (50 mg/ml) of petroleum ether

Table 4. HPLC analysis of ethanol extract

Peak Retention time (min) Area Height  Concentration Unit Name
1 10.745 18792 1002 0.000 Bisdesmethoxycurcumin
2 11.782 20097 886 0.000 Desmethoxcurcumin
3 12.939 46978 1541 0.000 Curcumin
Table 5. HPLC analysis of petroleum ether extract
Peak Retention time (min) Area Height  Concentration Unit Name
1 10.618 18343 9279 0.000 Bisdesmethoxycurcumin
2 11.654 30682 11468 0.000 Desmethoxcurcumin
3 12.767 20860 74041 0.000 Curcumin
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Fig. 3. HPLC chromatogram of ethanol extract of C. longa
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Table 6. HPLC analysis of phenolic compounds
Peak Retention time (min) Area Height  Concentration Unit Name
1 10.701 34205 1666 0.000 Bisdesmethoxycurcumin
2 11.741 51951 1913 0.000 Desmethoxcurcumin
3 12.881 14872 4390 0.000 Curcumin
Table 7. HPLC analysis of the standard
Peak  Retention time (min) Area Height  Concentration Unit Name
1 10.638 2413 234 0.000 Bisdesmethoxycurcumin
11.702 17215 782 0.000 Desmethoxcurcumin
3 12.868 78307 2560 0.000 Curcumin
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Fig. 4. HPLC chromatogram of petroleum ether extract of C. longa
¥ [ B A BAGR Y AZ ST AT
- 3
- I
{
an- | |
R ' k |
! |
2.8 I
3 = |
o : i11 R
| 2
1.8 1
1.0 [
' | LY |
o8 | S ' J
{ | s e g :_, | -\._\..
oo = T —— -
o e ae Te ET- Y ET T 8.8 7.8 200
iy

Fig. 5. HPLC chromatogram of phenolic compounds extract of C. longa
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Table 8. Linearity and range of the standard
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extract attained inhibition zone diameter (20.333
+ 0.33333 mm) for E. coli and (29.000 = 0.57735

The Curcumin Peak mm) for S. aureus, Table 2 and Figure 2.
standard concentration(mg/ml) area In comparison between ethanol and
| 033 78307 petroleum ether as antibacterial solvents of C.
) 1‘56 349147 longa rhizome against E. coli and S. aureus the
3 833 1721531 petroleum ether solvent showed more effective
4 15.7 3590597 antibacterial activity than an ethanol solvent. The
5 156.7 33863875 diameter of the inhibition zone for E. coli at the
2 A Rl 1 42850, o
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2
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petroleum ether solvent was (39.000 = 0.57735
mm) in (150 mg/ml) concentration, while the
diameter of the inhibition zone of the ethanol
solvent was (23.000 + 0.57735 mm) at the same
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concentration. In the (50 mg/ml) concentration,
the diameter of the inhibition zone for E. coli
was (20.333 + 0.33333mm) for petroleum ether
solvent, while in ethanol solvent was (18.333 =

Table 9. Linearity and range of samples

Sample Peak Curcumin
area concentration (pg/ml)
S1 (ethanol extract) 46978 0.21
S2 (petroleum ether extract) 2086011 9.12
S3 (phenol compounds extract) 148724 0.66
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Fig. 9. Bisdesmethoxycurcumin linearity curve
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Table 10. Linearity and range of standard
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0.33333 mm). The maximum value of the diameter
of the inhibition zone for S. aureus was (41.000

The Desmethm.(ycurcumin Peak + 0.57735 mm) at (150 mg/ ml) concentration
standard concentration (mg/ml) area for petroleum ether solvent, while the minimum
| 033 17215 value was (19.000 £+ 0.57735 mm) at (50 mg/ml)
2 1:96 63203 concentratiop for. ethanol solvlent,. Table 3.
3 7.891 412312 Estimation of curcuminoid by HPLC: The
4 157 829201 presence of curcuminoid and phenolic compounds
5 156.7 9051622 in C. longa rhizome extracts of ethanol and
Table 11. Linearity and range of sample
Sample Peak Desmethoxycurcumin
area concentration (png/ml)

S1(ethanol extract) 20097 0.56

S2(petroleum ether extract) 306821 5.93

S3(phenol compounds extract) 51951 1.15

Table 12. Linearity and range of the standard

The Bisdesmethoxycurcumin Peak
standard concentration(mg/ml) area

1 0.33 4213

2 1.56 6841

3 8.7 61124
4 15.7 118304
5 156.7 2181574

petroleum ether were estimated by HPLC, a C-18
column at flow rate of 2.0 ml/min and detection
at a wavelength of 425 nm, a mobile phase of
acetonitrile and 2% acetic acid (40:60 v/v).
Curcuminoid compounds identified by
retention time and UV spectrum (190-900 nm) for
each compound. Figures 3,4,5 and Tables 4, 5, 6
demonstrate determination of each peak in extract
samples and retention time for each compound in

Table 13. Linearity and range of sample

Sample Peak Desmethoxycurcumin
area concentration (png/ml)
S1(ethanol extract) 18792 3.07
S2(petroleum ether extract) 183437 23.96
S3(phenol compounds extract) 34205 5.03

comparison with the retention time of the standard,
Figure 6 and Table 7. The HPLC analysis revealed
three major peaks, the curcumin showed the highest
retention time followed by demethoxycurcumin
and bisdemethoxycurcumin. For each compound,
the peak area was determined to calculate the
concentration of compounds in extracted samples
using linear regression, Figures 7,8,9 and Tables
8, 10, 12. The curcumin, demethoxycurcumin
and bisdemethoxycurcumin yielded the higher
concentrations (9.12, 5.93 and 23.96 pg/ml)
respectively in petroleum ether extract. The lower

concentrations for curcumin, demethoxycurcumin
and bisdemethoxycurcumin were (0.21, 0.56 and
3.07 pg/ml) respectively in ethanol extract, Tables
9,11, 13.

DISCUSSION

In this review, the antibacterial activity
of C. longa rhizomes ethanol and petroleum ether
extracts were investigated. For that purpose, Agar
Well Diffusion method was used and zone of
bacterial growth inhibition was measured with



SEMYSIM, Biomed. & Pharmacol. J, Vol. 15(4), 2217-2227 (2022)

different concentrations of ethanol and petroleum
ether extracts.

Apparently, increasing ethanol extract
active components concentration of C. longa
leads to more antibacterial activity. The underling
explanation for this effect of ethanol extract
is attributed to phenolic compounds content,
curcuminoid (diarylheptanoid). There are three
main curcuminoids isolated from C. longa,
curcumin is one of them #* which exhibits numerous
pharmacological activities and antibacterial
properties 2% The phytochemical screening of
ethanol extract of C. longa confirms presence of
saponins, tannins, flavonoids and alkaloids 2. The
phenolic compounds confers protein denaturing
property, may change cell permeability leading to
swelling and rupture of the bacterial cells 26 while
antibacterial activities ascribe to the presence of
the alkaloids ?’. The essential oils of C. longa
are rich in terpene (monoterpene, oxygenated
monoterpene and sesquiterpene) 2%. These
comprising oily compounds play an important
role in its antibacterial activity %. In addition, it
inhibits the bacterial growth by influencing certain
metabolic pathways of microbial cells .

These results confirm that the ethanol and
petroleum ether extracts have antibacterial effect
against both Gram-negative and Gram-positive
bacteria, though it was more prominent against
Gram-positive. The presence of lipopolysaccharides
layer in their outer cell membrane confers Gram-
negative bacteria marginal protection to the extracts
. On the contrary, the presence of large amount
of peptidoglycan in the Gram-positive bacterial
cell walls with relatively small amount of lipid
contributes to its wall sensitivity to ethanol and
petroleum ether extracts *'.

The petroleum ether evidently could be
a good solvent for extraction of C.longa rhizome
and to isolate essential oils that contained active
components. Some active components may affect
the metabolic functions of bacterial cells *2. The
bacterial inhibitory effect of the essential oils
attributes to its role on various enzymes metabolic
reactions that related to structural synthesis and
energy production of the bacterial cells *.

HPLC method proves to be sensitive,
precise and accurate for quantifying of curcuminoid
in the extracts **. It used for both qualitative and
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quantitative measurements. The difference that
obtained in concentrations of curcuminoid might
be due to the solvents difference and the extraction
conditions.

CONCLUSION

From this study, we can conclude that the
C. longa extract exhibits inhibitory action against
pathological bacterial growth. The essential oils
of C. longa rhizome that obtained from petroleum
ether have a capability to inhibit bacterial growth
more effectively than ethanol extract. The
petroleum ether can be considered as a good solvent
for extraction of C. longa rhizome components
and isolation of bioactive constituents in a higher
concentration.
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