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INTRODUCTION 
 

Natural products from different plants, continue to be 

used in pharmaceutical preparations either as plant 

extracts or as pure isolates. The isolation of many 

physiologically active natural products like artemisinin, 
harmaline, morphin, atropine showed the real importance 

to investigate plants that can be sources of new 

compounds with potent clinical activities. Plants can 

produce a large number of compounds that can provide a 

wide spectrum of biological properties. 

 

Curcuma longa L. (Zingiberaceae) is a perennial herb up 

to 1 m high with a short stem. The plant is distributed 

throughout tropical and subtropical regions, being widely 

cultivated in China and India and other countries. 

Curcuma longa rhizomes are oblong, ovate, pyriform, 

often short-branched and they are a household remedy in 
Nepal.[1] As a powder Curcuma longa   has been  used 

for its flavoring and digestive properties.[2] In Indian 

traditional  medicine the plant is used  against biliary 

disorders, anorexia, cough, diabetic wounds, hepatic 

disorder, rheumatism and sinusitis.[3] In old Hindu 

medicine, Curcuma longa was extensively used for the 

treatment of sprains and swellings caused by injury.[4] 

The traditional medicine in China uses C. longa L. for 

abdominal pains. The coloring matter in Curcuma longa, 

which is a major constituent, is known as curcumin and 

its chemical structure was established by Roughley and 

Whiting.[5] Curcumin and other semi-synthetic analogues 

were evaluated for anti-inflammatory activity in model 

animals.[6] Curcumin and its analogues showed similar 

responses in carrageenin-induced paw edema ; however 

the sodium curcuminate was the most potent analogue. In 
another study, the anti-inflammatory activity of different 

fractions of the rhizomes was investigated in vivo.[7] 

Different fractions  reduced the granuloma growth and 

no toxic effects were observed. The potential anti-

inflammatory potency was also investigated by Ghatak 

and Basu.[8] The inhibitory effects of curcumin on the 

proliferation of blood mononuclear cells and vascular 

smooth muscle cells was studied.[9] Curcumin was able 

to impair the response of cells to mitogen, PHA and the 

response to alloantigen, MLR. The authors suggested 

that curcumin could be used clinically in transplant 
atherosclerosis. In another study, Ammon et al.[3]  

claimed that curcumin can  inhibit  leucotriene formation 

in rat peritoneal polymorphonuclear neutrophils 

(PMNL). Unnikrishnan and Rao[10] assessed the 

antioxidant capacity of curcumin and some of  its  

derivatives. It was shown that these substances can 

protect hemoglobin from oxidation even at low 

concentrations. Pulla and Lokesh[11] demonstrated that 

curcumin is a potent antioxidant and inhibits lipid 

peroxidation in rat liver microsomes, erythrocyte 

membranes and brain homogenates. Lipid peroxidation 
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ABSTRACT 
 

This study was set to investigate the chemical constituents of the medicinally important species Curcuma 

longa fixed  oil and to evaluate its potential antimicrobial activity.61 components were detected by GC-MS 

analysis being dominated by: 2-(2-phenyl-2-propyl)-1,3-dioxolane(15.5%), 5-(4-ethylphenyl)-imadazole-4-

propenoic acid(7.51%), 2-methyl-3-trimethylsilyl-1,3,7-octatriene(7.31%), curlone(5.80%), 9,12-octadecadienoic 

acid methyl ester (5.47%), hexadecanoic acid  methyl ester(4.73%) and methyl stearate(3.66%). In cup plate agar 

diffusion bioassay, the oil exhibited excellent activity against Bacillus subtilis at concentrations: 25-100 mg/ml. It 

also showed activity against all test organisms in this range of concentration, but it was inactive against 

Staphylococcus aureus at 25mg/ml. At a concentration of 12.5mg/ml it showed activity only against Pseudomonas 

aeruginosa and Escherichia coli. 
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plays an important role in the event of inflammation, 

heart diseases and cancer. The operating mechanism is 

probably through activation of antioxidant enzymes like 

superoxide dismutase, catalase and glutathione 

peroxidase.[12] Another article about curcuminoids as 

potent inhibitors of lipid peroxidation was described by 
Sreejayan Rao.[13] The ethanolic extract of C. longa was 

evaluated  against Plasmodium falciparum and L. major. 

The extract was able to inhibit the in vitro growth of 

these parasites.[14] C. longa oil was evaluated against 

cultures of  Staphylococcus albus, S. aureus and Bacillus 

typhosus and  growth inhibition was observed in 

different concentrations.[15] 

 

MATERIALS AND METHODS 
 

Plant material  

The rhizomes of C. longa were collected from Faioom, 
Eggypt. The plant was authenticated by direct 

comparison with a herbarium sample.  

 

Instruments  

A Shimadzo GC-MS-QP2010 Ultra instrument with a 

RTX-5MS column (30m,length ; 0.25mm diameter ; 0.25 

μm, thickness) was used for GC-MS analysis .  

 

Test organisms  

C. longa oil was screened for antibacterial and antifungal 

activities using the standard microorganisms shown in 

Table(1).  
 

Table 1: Test organisms. 
 

S. No Microorganism Type 

1 Bacillus subtilis  G+ve  

2 Staphylococcus aureus  G+ve  

3 Pseudomonas 

aeroginosa  

G-ve  

4 Escherichia coli  G-ve  

6 Candida albicans  fungus 

 

Methods 
Extraction of oil from Curcuma longa 

Dry-powdered rhizomes of Curcuma longa (300g) were 

macerated with n-hexane at room temperature for 48h. 

The solvent was removed under reduced pressure and the 

oil was kept in the fridge at 4°C for further manipulation.  

 

Esterification of oil 

A Methanolic solution of sodium hydroxide was 

prepared by dissolving (2g) of sodium hydroxide in 

100ml methanol. A stock solution of methanolic 

sulphuric acid was prepared by mixing (1ml) of 

concentrated sulphuric acid with (99ml) methanol. The 

oil (2ml) was placed in a test tube and (7ml) of alcoholic 

sodium hydroxide were added followed by (7ml) of 

alcoholic sulphuric acid. The tube was stoppered and 

shaked vigorously for five minutes and then left 

overnight.(2ml) of supersaturated sodium chloride were 

added, then (2ml) of n- hexane were added and the tube 
was vigorously shaked for five minutes .The hexane 

layer was then separated.(5μl) of the hexane extract were 

mixed with 5ml diethyl ether . The solution was filtered 

and the filtrate(1μl) was injected in the GC-MS vial. 

 

GC-MS analysis  
Curcuma longa fixed oil was analyzed by gas 
chromatography – mass spectrometry. A Shimadzo GC-

MS-QP2010 Ultra instrument with RTX-5MS column 

(30m, length; 0.25mm diameter; 0.25 μm, thickness) was 

used. Helium (purity; 99.99 %) was used as carrier gas. 

Oven temperature program is given in Table 2, while 

other chromatographic conditions are depicted in Table 

3. 

 

Table 2: Oven temperature program. 
 

Rate Temperature(C) Hold time 

(mim.
-1

) 

- 60.0 0.00 

10.00 300.0 0.00 

 

Table 3: Chromatographic conditions. 
 

Column oven temperature 

Injection temperature 

Injection mode  

Flow control mode 

Pressure 

Total flow 

Column flow 

Linear velocity.  

Purge flow 

Spilt ratio  

1300.0 °C  

280.0  °C 

Split 

Linear velocity  

93.1KPa 

50.0ml/ min 

1.50ml/sec 

44.7cm/sec 

3.0ml/min.  

- 1.0 

 

Antimicrobial assay  

Preparation of bacterial suspensions 
One ml aliquots of 24 hours broth culture of the test 

organisms were aseptically distributed onto nutrient agar 

slopes and incubated at 37°C for 24 hours. The bacterial 

growth was harvested and washed off with sterile normal 

saline, and finally suspended in (100 ml) of normal 

saline to produce a suspension containing about 108-109 

colony forming units per ml. The suspension was stored 

in the refrigerator at 4°C until used. The average number 

of viable organism per ml of the stock suspension was 

determined by means of the surface viable counting 

technique.  
 

Serial dilutions of the stock suspension were made in 

sterile normal saline in tubes and one drop volumes (0.02 

ml) of the appropriate dilutions were transferred by 

adjustable volume micropipette onto the surface of dried 

nutrient agar plates. The plates were allowed to stand for 

two hours at room temperature for the drop to dry, and 

then incubated at 37°C for 24 hours.  

 

Preparation of fungal suspensions 

Fungal cultures were maintained on potato dextrose agar 

incubated at 25°C for four days. The fungal growth was 
harvested and washed with sterile normal saline, and the 

suspension was stored in the refrigerator until used. 
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Testing for antibacterial activity  

The cup-plate agar diffusion method was adopted, with 

some minor modifications, to assess the antibacterial 

activity. (2ml) of the standardized bacterial stock 

suspension were mixed with (200 ml) of sterile molten 
nutrient agar which was maintained at 45°C in a water 

bath. (20 ml) Aliquots of the incubated nutrient agar 

were distributed into sterile Petri dishes. The agar was 

left to settle. Each of these plates was divided into two 

halves. Two cups in each half (10 mm in diameter) were 

cut using sterile cork borer (No 4), each one of the halves 

was designed for one of the test samples. Separate Petri 

dishes were designed for standard antimicrobial 

chemotherapeutics. 

 

The agar discs were removed, alternate cups were filled 

with( 0.1 ml) samples of each test solution using 
adjustable volume microtiter pipette and allowed to 

diffuse at room temperature for two hours. The plates 

were then incubated in the upright position at 37°C for 

24 hours.  

 

The above procedure was repeated for different 

concentrations of the test solutions and the standard 

chemotherapeutics. After incubation, the diameters of the 

resultant growth inhibition zones were measured in 

triplicates and averaged.  

 

RESULTS AND DISCUSSION 
 

GC-MS analysis of Curcuma longa oil 

GC-MS analysis of Curcuma longa oil was conducted 

and the identification of the constituents was initially 

accomplished by comparison with the MS library (NIST) 

and further confirmed by interpreting the observed 

fragmentation pattern. Comparison of the mass spectra 

with the database on MS library revealed about 90-95% 

match.  

 

Constituents of oil  
The GC-MS spectrum of the studied oil revealed the 

presence of 61 components (Table 4). The typical total 

ion chromatograms (TIC) is depicted in Fig.1. 

 

 
Fig. 1: Total ions chromatograms of Curcuma 

longa oil. 

 

 

 

 

Major  constituents are: 

2-(2-phenyl-2-propyl)-1,3-dioxolane(15.5%) 

The EI  mass spectrum of 2-(-phenyl—propenyl)-1,3-

dioxolone is shown in Fig.2 .The peak at m/z192, which 

appeared at  R.T. 14.33 in total ion chromatogram, 
corresponds to M+[C12H16O2]

+ . 

 

 
Fig. 2: Mass spectrum of 2-(2-phenyl-2-propyl)-1,3-

dioxolane. 

 

5-(4-ethylphenyl)-Imadazole-4-propenoic acid(7.51%) 

The EI  mass spectrum of 5-(4-ethylphenyl)-Imadazole-

4-propenoic acid is shown in Fig.3 .The peak at m/z284, 
which appeared at  R.T. 18.97 in total ion chromatogram, 

corresponds to M+[C15H16N4O2]
+ . The peak at m/z253 

corresponds to loss of a methoxyl function. 

 

 
Fig.3: Mass spectrum of 5-(4-ethylphenyl)-Imadazole-

4-propenoic acid. 
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Table 4 : Constituents of Curcuma longa oil. 
 

 
 

2-Methyl-3-trimethylsilyl-1,3,7-octatriene(7.31%) 

The EI  mass spectrum of 2-methyl-3-trimethylsilyl-

1,3,7-octatriene is shown in Fig.4 .The peak at m/z194, 

which appeared at  R.T. 14.70 in total ion chromatogram, 

corresponds to M
+
[C12H22Si]

+ 
.The peak at m/z179 

corresponds to loss of a methyl function. 
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Fig. 4: Mass spectrum of 2-methyl-3-trimethylsilyl-

1,3,7-octatriene. 

 

Curlone(5.80%) 

The EI  mass spectrum of 9,12-octadecadienoic acid 

methyl ester is shown in Fig.5 .The peak at m/z218, 
which appeared at  R.T. 13.64 in total ion chromatogram, 

corresponds to M+[C15H22O]+  

 

 
Fig.5: Mass spectrum of Curlone 

 

9,12-Octadecadienoic acid methyl ester (5.47%) 

The EI  mass spectrum of 9,12-octadecadienoic acid 

methyl ester is shown in Fig.6 .The peak at m/z294, 

which appeared at  R.T. 17.500 in total ion 

chromatogram, corresponds to M+[C19H34O2]
+ .The peak 

at m/z263 corresponds to loss of a methoxyl function. 

 

 
Fig. 6: Mass spectrum of 9,12-octadecadienoic acid 

methyl ester 

 

 

 

 

Hexadecanoic acid  methyl ester(4.73%) 

 

 
Fig. 7: Mass spectrum of hexadecanoic acid methyl 

ester. 

 

The EI  mass spectrum of hexadecanoic acid methyl ester 

is shown in Fig. 7.The peak at m/z 270, which appeared 

at  R.T. 15.841 in total ion chromatogram, corresponds to 
M

+
[C17H34O2]

+ 
.The peak at m/z239 is due to loss of a 

methoxyl function. 

 

Methyl stearate(3.66%) 

 

 
Fig. 8: Mass spectrum of methyl stearate. 

 

The EI  mass spectrum of methyl stearate is shown in 

Fig. 8.The peak at m/z 270, which appeared at  R.T. 

17.758 in total ion chromatogram, corresponds to 

M+[C19H38O2]
+ .The peak at m/z239 corresponds to loss 

of a methoxyl function. 

 

Antibacterial activity  
In cup plate agar diffusion assay, the oil was screened for 

antimicrobial activity against five standard human 

pathogens. The average of the diameters of the growth of 
inhibition zones is depicted in Table (5). The results 

were interpreted in terms of the commonly used terms 

(>9mm: inative;9-12mm:partially active;13-18mm: 

active;<18mm:very active). Tables (6) and (7) represent 

the antimicrobial activity of standard antibacterial and 

antifungal chemotherapeutic agents against standard 

bacteria and fungi respectively.  
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Table 5: Antimicrobial activity of Curcuma longa oil. 
 

Type Conc.(mg/ml) Sa Bs Ec Ps Ca 

Oil 100 16 31 16 15 15 

 50 15 20 15 14 14 

 25 - 19 14 14 13 

 12.5 - 07 13 13 - 

               

The oil exhibited excellent activity against Bacillus 

subtilis at concentrations: 25-100 mg/ml. In this range of 

concentration it also showed activity against all test 

organisms, but it was inactive against Staphylococcus 
aureus at 25mg/ml. At a concentration of 12.5mg/ml it 

showed activity only against Pseudomonas aeruginosa 

and Escherichia coli. 

 

Table 6: Antibacterial activity of standard 

chemotherapeutic agents. 

 

Drug Conc.(mg/ml) Bs Sa Ec Ps 

Ampicilin 

40 

20 

10 

15 

14 

11 

30 

25 

15 

- 

- 

- 

- 

- 

- 

Gentamycin 

40 

20 

10 

25 

22 

17 

19 

18 

14 

22 

18 

15 

21 

15 

12 

 

Table 7: Antifungal activity of standard 

chemotherapeutic agent. 
 

Drug Conc.(mg/ml) An Ca 

Clotrimazole 30 

15 

7.5 

22 

17 

16 

38 

31 

29 

 

Sa.: Staphylococcus aureus  

Ec.: Escherichia coli  

Pa.: Pseudomonas aeruginosa 

An.: Aspergillus niger  

Ca.: Candida albicans  

Bacillus subtilis 
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