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Abstract 

Eucalyptus camaldulensis and E. citriodora are two Eucalyptus species that are very rich in essential oil and are 

often used in ethnomedicine for the treatment of different ailments. However, the leaves of E. camaldulensis and 

E. citriodora are very similar in structure and can be very difficult to distinguish when dry or in fragments. 

Hence, comparative phytochemical screening, elemental, pharmacognostic and GCMS analyses were carried out 

on the leaves and leaves extracts of two Eucalyptus species harvested from a garden in order to establish some 

distinguishing physicochemical and pharmacognostic characteristics. The leaf essential oils of the two species 

were extracted by hydro-distillation and analyzed on GC-MS. The results of phytochemical screening revealed 

presence of saponins, carbohydrates and sterols in both species. Elemental analysis indicated that the levels of 

the elements in the two samples differ. Chromium (Cr) was below detectable limit in the two samples while Pb, 

Mn, Zn, Fe, Cu and Mg were detected and quantified. Only Eucalyptus citriodora showed the presence of 

flavonoids.  Tannins, alkaloids and anthraquinones were not detected in the two Eucalyptus species. The dry-leaf 

moisture contents were 9.5% and 9.7% for camaldulensis and citriodora, respectively. The GC-MS analyses of 

the hydro-distilled essential oils from both plants showed 57 and 39 components for camaldulensis and 

citriodora, respectively. 35 and 18 components were identified respectively from the two species. However, only 

seven (7) components were common to the two species, which include 4-terpineol (16.30% and 19.32%), 

Spathulenol (15.01% and 4.65%), Thymol (4.50% and 1.66%), α-terpineol (1.59% and 3.98%), caryophyllene 

(0.10% and 3.93%), viridiflorol (0.20% and 2.06%) and phytol (0.30% and 2.21%), respectively. Citronellol and 

its acetate and isopulegol and its acetate were absent in E. camaldulensis and were appreciably present in E. 

citriodora. α-Eudesmol was appreciably present in E. camaldulensis but absent in E. citriodora. Citronellol, 

isopulegol and α-eudesmol may be the distinctive marker compounds between the two species. The microscopic 

characters of the leaves revealed useful diagnostic parameters for the species. The information obtained from this 

study, is important not just for establishing morphological or phytoconstituents differences necessary for 

identification and authentication purposes, but also for monograph development, standardization and 

pharmaceutical reference as possible source of lead/ hit compounds in drug development or as raw material in 

drug excipients. 
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Introduction  

Eucalyptus camaldulensis Dehnh and Eucalyptus 

citriodora (Hook), K.D. Hill & L.A.S. Johnson, are 

well-known ethno-medicinal plants which belong to 

the family Myrtaceae. Eucalyptus camaldulensisis a 

large tree growing to about 45 meters high, with 

smooth bark, ranging from white and grey to red-

brown in colour which shed in long ribbon. The adult 

leaf colour is a dull blue-green, the leaf also contains 

several oil-producing glands in the un-veined areas of 

the leaf [1-3].  The plant is found in the savannah 

region in many parts of the world including Nigeria, 

but is a native to Australia where it is mostly found, 

widely spread and naturally distributed [4].  
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Eucalyptus camaldulensis is an important ethno-

medicinal plants used for sore throat and other 

bacterial infections of respiratory and urinary tracts.  

Essential oils of the leaves are used in the treatment of 

lung diseases while the volatile oils are used as 

expectorants. Topical ointments containing eucalyptus 

oil have also been used in traditional aboriginal 

medicines to heal wounds and fungal infections [4].  

The antimicrobial activities of the essential oil, 

methanol and water extracts of the plants have also 

been reported by many workers [5-6]. 

   

The other species, Eucalyptus citriodora, also known 

as Corymbia citriodora, grows to about 35m in 

height, and is found in temperate and tropical north of 

eastern Australia.  It is commonly referred to as 

spotted gum of lemon eucalyptus.  Eucalyptus 

citriodora has a smooth, pale, uniform or slightly 

mottle bark, white to coppery in summer and a 

conspicuously narrow-leaved crown which smells 

strongly of lemon. Pear-shaped buds are borne in 

clusters of three, formed in corner of the junctions, 

while the fruit (capsules) urn-shaped [4].  The 

Eucalyptus citriodora bark is smooth for the entire 

height of the tree, often powdery, shedding in thin 

curling flakes. Eucalyptus citriodora is commonly 

used to sooth and treat nausea, vomiting, abdominal 

pains, indigestion, irritable bowel and blotting [4].   

 

The leaves of the two Eucalyptus species are very rich 

in essential oil which is often applied in ethno-

medicine in aromatherapy, flavouring agent, and 

added to other recipes in herbal products for the 

treatment of many ailments, such as malaria, typhoid 

fever, tuberculosis, etc.Various extracts of the leaves 

of these plants have been ascribed different 

bioactivities from antioxidant, antimicrobial to 

analgesic and anti-inflammatory activities, by 

different researchers. However, the leaves of E. 

camaldulensis and E. citriodora are very similar in 

structure and can be very difficult to distinguish when 

dry or in fragments.  This study aimed to compare the 

phytochemical, pharmacognostic and microscopic 

parameters of the two species for identification 

purposes and for monograph development. 

  

Materials and Methods 

Materials 

All reagents used were of analytical grade and 

according to equipment specification. The elemental 

analyses were carried out with Atomic Absorption 

Spectrometer (AAS), model GBC (AVANTA), while 

the analyses of essential oils were carried out on 

Shimadzu GC-MS model QP2010 SE (Japan). 

 

Plants collection and preparation 

Samples of fresh leaves of Eucalyptus camaldulensis 

and Eucalyptus citriodora were collected on the 8
th
 of 

April, 2015 from NIPRD Medicinal Plant Garden at 

Idu, Abuja. Voucher specimen were prepared and 

deposited in NIPRD Herbarium with voucher 

numbers NIPRD/H/6813 and NIPRD/H/6681 for E. 

citriodora and E. camadulensis respectively. The 

samples were rid of debris and foreign materials and 

used for analysis. The fresh leaves were used for 

microscopic studies of the foliar characteristics, while 

the remaining materials were air-dried for 7 days, 

pulverized with the aid of a mortar and pestle, and 

used for the other analyses. 

 

Phytochemical analysis and moisture content 
The phytochemical analyses to determine the presence 

of various classes of secondary metabolites, and 

moisture contents were carried out using standard 

methods [7-8]. 

 

Elemental analysis  

Seven toxic and essential metals were assessed, which 

include Lead (Pb), Iron (Fe), Magnesium (Mg), Zinc 

(Zn), (Chromium (Cr), Copper (Cu) and Manganese 

(Mn) were assessed quantitatively using the method 

of Association of Official Analytical Chemists [9] 

with the aid of atomic absorption spectrometer (AAS) 

GBC Avanta Model, using hollow cathode lamp of 

the elements and air-acetylene fuel rich flame. 

Standards and digested samples were aspirated and 

the mean signal responses were recorded at each of 

the wavelength of the elements. 

 

Extraction and GC-MS analysis of essential oils 

The samples of the fresh leaves (200g) of each plant 

were chopped into smaller bits and hydro-distilled in a 

Clevenger-type apparatus to obtain the essential oils. 

The oils were analyzed on a GC-MS QP2010 SE 

Shimadzu, Japan at the Shimadzu Training Centre 

(STC) Lagos, Nigeria. The GC was equipped with 

Optimal 5ms column of length, diameter and film 

thickness, 30 m, 0.25mm and 0.25μm, respectively. 

The conditions for analysis were set as follows; 

column oven temperature was programmed from 60-

280°C (temperature at 60°C was raised to 180°C at 

10°C/min, held for 2min and then finally to 280°C at 

15°C/min and held for 4min); injection mode was 

Split (1.0); injection temperature, 250°C; carrier gas, 
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helium; total flow rate, 6.2mL/min; ion source 

temperature, 200°C; interface temperature, 250°C; 

start m/z, 40 and end m/z, 600. The searches and 

spectral matching of the resolved components were 

conducted in the National Institute of Standard and 

Technology (NIST11) database. 

 

Microscopic Analyses 

The epidermal preparation follows the methods of 

Egharevba et al. [8].  The micro-morphological 

features of the epidermal layers were taken with the 

aid of a digital camera attached to a light microscope 

at a magnification of x100 and x400.  The foliar 

epidermal characters studied were cell shape, 

presence of trichome, trichome type, presence of 

stomata, stomata type and anticlinal wall pattern. 

 

Results and Discussion 

The results of the comparative phytochemical 

analyses (Table 1) of the two species revealed some 

similarities Both plants had similar secondary 

metabolites among the ones tested for except for 

flavonoids which were not detected in E. 

camaldulensis but was detected in E. citriodora. The 

two species showed the presence of saponins, 

carbohydrates, and sterols, while tannins, alkaloids 

and anthraquinones were not detected. Some 

compounds in these classes of metabolites have been 

reported to possess various pharmacological activities 

in the treatment of different kinds of ailments.  

Flavonoids for instance have been proven to be free 

radical scavengers and useful in the management of 

inflammatory diseases [9]. Saponins have been shown 

to be helpful in the treatment of gastro-intestinal 

infections. Sterols are useful as anti-fungi [10].     

 
Table 1: Results of comparative phytochemical analyses 

of leaves of E. camaldulensis and E. citriodora 

 

S/N Parameters Results 

  E. 

camaldulensis 

E. 

citriodora 

1 Saponins + + 

2 Tannins - - 

3 Carbohydrates + + 

4 Flavonoid - + 

5 Sterol + + 

6 Alkaloids  - - 

7 Anthraquinones - - 

8 Moisture content 9.5% 9.7% 
Key: “+” means present; “-“ means not detected. 

 

The moisture content values were (9.7% and 9.5% 

w/w) which were between the official range of 8-14% 

for vegetable drugs [8,11,12]. This suggests that dried 

samples of both plants do not readily absorb moisture 

when stored under good conditions which may 

enhance their resistance to microbial attack.   

 

Table 2 shows the result of elemental analysis of the 

leaves of the two species of eucalyptus (Eucalyptus 

camaldulensis and Eucalyptus citriodora). The result 

indicated that the levels of the elements in the two 

samples differed. Chromium (Cr) was below 

detectable limit in the two samples while Pb, Mn, Zn, 

Fe, Cu and Mg were detected and quantified. 

Magnesium (Mg) with values of 673.24 and 562.26 

µg/g for Eucalyptus camaldulensis and Eucalyptus 

citriodora, respectively, was the highest metal in the 

two samples. This was followed by Pb (304.094µg/g) 

in Eucalyptus citriodora and Mn (228.89µg/g) in 

Eucalyptus camaldulensis. The result also revealed 

that Pb level was much higher in E. citriodora 

(304.094μg/g) than E. camaldulensis (64.184μg/g), 

while E. camaldulensis had higher levels of all the 

other metals determined (Table 2). This suggests that 

E. citriodora is a better bioaccumulator of Pb than E. 

camaldulensis.  

 
Table 2: Level of Some Elements Assessed in two species 

of Eucalyptus Leaves 

  

S/N Elements E. 

camaldulensis 

(µg/g) 

E. 

citriodora 

(µg/g) 

RDA 

(µg/day) 

1. Pb 64.184 304.094 3500 

2. Fe 44.869 20.718 10000-15000 

3. Mg 673.238 562.257 350000 

4. Zn 25.454 15.626 12000-15000 

5. Cr 0.000 0.000 50-200 

6. Cu 6.138 0.848 2000-3000 

7. Mn 228.888 160.209 2500-5000 

 

Metals like Zn, Mn, Mg, Fe and Cu are essential 

metals which play important roles in various cell 

processes, including normal growth and brain 

development. Some of these elements enable the body 

to utilize some vitamins, neutralize free radicals and 

prevent diabetes, improve growth of connective 

tissues and blood formation. The WHO dietary limit 

for Pb, Zn, Fe and Mn are 10 µg/ml, 100 µg/ml, 10-60 

mg/day and 11 µg/ml, respectively, and the RDA are 

as listed in Table 2 [14-18]. The deficiency of these 

essential metals may result in loss of sense of touch, 

smell [19], birth defects and reduced fertility. 

Generally, the results obtained in this study suggest 

that it is not safe to feed continuously on these species 

of plants because their seeming tendencies to bio-
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accumulate some of the heavy metals which when 

consumed in large amounts over time could 

accumulate in the body resulting in serious health 

complications [20]. 

 

Thus, the Pb level in the E. citriodora samples used in 

herbal medicine or for food should be of concern and 

monitored. The levels of Mg and Mn were high in 

both plant species, and therefore the two metals 

should also be of concern and monitored in samples 

used for herbal medicine or food.  

 

The result of GC-MS analyses of the essential oils of 

the plants is presented in Table 3. The GC-MS 

analyses showed chemical compositional profiles, 

which were quite different for the two species. 

Eucalyptus camaldulensis essential oil revealed 57 

chemical components while E. citriodora revealed 39 

components, out of which 35 and 18 components 

constituting 69.60% and 76.4% were identified, 

respectively. The two species had only seven (7) 

components in common, which include 4-terpineol 

(16.30% and 19.32%), spathulenol (15.01% and 

4.65%), thymol (4.50% and 1.66%), α-terpineol 

(1.59% and 3.98%), caryophyllene (0.10% and 

3.93%), viridiflorol (0.20% and 2.06%) and phytol 

(0.30% and 2.21%). 

 

Table 3: Result of GC-MS analyses of the essential 

oils of E. camaldulensis and E. citriodora leaves 

 
S/N Compounds 

Identified 

% Composition 

  E. 

citriodora 

E. 

camaldulensis 

1 Fenchol - 0.07 

2 Bergamol 0.16 - 

3 1-Terpinenol - 0.15 

4 Eucalyptol 2.41 - 

5 1,8-Terpin 1.80 - 

6 Rhodinal - 0.13 

7 p-Menth-4(8)-en-9-ol 0.28 - 

8 trans-Chrysanthemal - 0.16 

9 4-Terpineol 19.32 16.30 

10 Linalool 0.21 - 

11 dl-Isopulegol 6.37 - 

12 α-Terpineol 3.98 1.59 

13 γ-Terpineol - 0.22 

14 (-)-cis-Sabinol - 2.64 

15 trans-Carveol - 0.17 

16 β-Citronellol 11.42 - 

17 Isopulegol acetate 1.63 - 

18 Isocarveol - 0.37 

19 Cumaldehyde - 0.14 

20 Piperitone - 1.46 

21 Thymol 1.66 4.50 

22 Isothymol (Carvacrol) - 3.73 

23 Citronellol acetate 13.51 - 

24 Caryophyllene 3.93 0.10 

25 Elixene - 0.27 

26 Isoledene - 0.37 

27 Benzyl valerate - 0.41 

28 1-aromadendrene - 0.42 

29 α-Gurjunene - 0.10 

30 β-Selinene - 1.00 

31 Alloaromadendrene - 0.28 

32 β-Gurjunene - 0.21 

33 γ-Elemene - 0.62 

34 β-Cadinene - 4.20 

35 (+)-δ-Cadinene - 0.36 

36 Viridiflorol 2.06 0.20 

37 Heptadecanal 0.50 - 

38 Hexahydrofarnesyl 

acetone 

0.30 - 

39 Epiglobulol - 0.07 

40 Rosifoliol - 1.65 

41 Spathulenol 4.65 15.01 

42 α-Eudesmol - 6.26 

43 Isoshyobunone - 4.50 

44 Phytol 2.21 0.30 

45 Oleamide - 1.31 

46 n-Octacosane - 0.63 

 Total components 

Identified 

76.40 69.60 

 No. of Oxygenated 

compounds 

17 23 

 No. of Hydrocarbons 1 12 

 No. Monoterpenes 12 15 

 No. of Sesquiterpenes 4 19 

 No. of Diterpenes 1 1 

    

 

 

The seven major compounds constituting 54.50% of 

E. camaldulensis oil include 4-terpineol (16.30%), 

spathulenol (15.01%), α-eudesmol (6.26%), 

isoshyobunone (4.50%), thymol (4.50%), β-cadinene 

(4.20%) and isothymol (3.73%). Seven major 

compounds constituting 63.23% of E. citriodora oil 

include 4-terpineol (19.32%), citronellol acetate 

(13.51%), β-citronellol (11.42%), dl-isopulegol 

(6.37%), spathulenol (4.65), α-terpineol (3.98%) and 

caryophyllene (3.98%). From the above 4-terpineol 

and spathulenol seem to be the definitive marker 

compounds for the two species. The two species were 

also richer in oxygenated compounds than 

hydrocarbon monoterpenes. However, camaldulensis 

was richer in identified sequiterpenes than 

monoterpenes, while the reverse was the case for 
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citriodora.Citronellol and its acetate and isopulegol 

and its acetate were absent in E. camaldulensisand 

were appreciably present in E. citriodora. α-Eudesmol 

was appreciably present in E. camaldulensis but 

absent in citriodora. Citronellol, isopulegol and α-

eudesmol may be the distinctive marker compounds 

between the two species. 

 

Mubarak et al., [21] reported a Malaysian E. 

camaldulensis leaf essential oil rich in γ-terpinene 

(72.5%), o-cymene (14%) and terpinen-4-ol (6.7%), 

with monoterpene hydrocarbons accounting for 

90.2%, oxygenated monoterpenes (8.3%) and 

oxygenated sesquiterpenes (0.3%). A recent study by 

Pinahi et al. (2011) on E. camaldulensis from Tehran, 

Iran reported an antibacterial oil rich in eucalyptol 

(54.37%), α-pinene (13.24%), viridiflorol (10.96%) 

and aromadendrene (6.16%). This was quite different 

from our sample which had 4-terpineol or terpinen-4-

ol (16.30%), spathulenol (15.01%) and α-eudesmol 

(6.26%) as the most abundant chemical composition. 

The E. camaldulensis oil in this study had 23 

identified oxygenated compounds which make up 

about 61.34% out of the 69.6% composition of the oil. 

Oxygenated monoterpenes and sesquiterpenes 

constituted 31.63% and 27.69%, respectively. While 

the Malaysian oil sample was rich in hydrocarbons the 

one studied ours was rich in oxygenated compounds. 

The profile of compounds present was relatively 

similar. The Tunisian oil reported by Sliti et al., [22] 

with total oxygenated mono- and sesquiterpenes of 

69.45% appears to be more similar to the sample 

study. E. camaldulensis oil has been reported to 

exhibit antimicrobial activity against Bacillus 

subtillis, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, E. coil, S. aureus, Aspergillus spp. and 

other pathogenic organisms [23-26].  

 

The E. citriodora oil could be acclaimed to be similar 

to that reported from Brazil by Maciel et al.,[27] 

which was rich in citronellal and its derivatives 

(74.67%), since the combination of citronellol and its 

acetate from this study make up a higher percentage 

composition of 24.93%. Maciel and colleagues 

reported E. citrodora oil with six components making 

up about 88.17% of the composition, 78.97 of which 

were oxygenated. The oil was also reported to be 

active against the eggs, larva and adult sandflies 

(Lutzomyia longipalpis). However, Mittal and Ali [28] 

reported an E. citriodora hydrocarbon-rich oil from 

India, with α-pinene (38.6%), β-pinene (25.7%), 

sabinene (19.6%) and α-thujene (11.9%). The oil from 

India thus showed a marked difference from that 

obtained from the plant grown in NIPRD garden due 

to its near absence of oxygenated compounds. The 

eucalyptol (44%) reported by Husain and Ali [29] was 

quite little (2.41%) in our sample. The E. citriodora 

oil in this study showed 18 components making up 

76.4% composition out of which 72.47% were 

oxygenated. Thus the oil obtained from the plant 

grown at NIPRD garden may possess similar activity 

to that reported by Maciel and colleagues. The 

predominance of 4-terpineol, citrionellol, citrionellol 

acetate and isopulegol correspond with that of most E. 

citriodora oil reported in literature with predominance 

of citronellol derivatives [28-29]. E. citriodora oil has 

been reported to be a source of starting material for 

citrionellal and its derivatives. The oil has also been 

reported to possess analgesic, anti-inflammatory, 

antimicrobial, acricidal, larvicidal, antifungi and 

phytotoxic activities [29]. 

 

Microscopy 

Epidermal Layers: Plate 1 and 2 shows the 

photomicrograph of the upper and lower surface of 

leaves of Eucalyptus citriodora and Eucalyptus 

camaldulensis.  

 

Epidermal cells of Eucalyptus citriodora are 

elongated tetragonal  and some are polygonal in shape 

with straight anticlinal cell wall on both the upper and 

lower surface, stomata were found to be abundant on 

both surfaces too (Plate 1a – d). Stomata types found 

on the upper surfaces were mostly staurotic and 

anisocytic while on the lower surface anomocytic 

types were found in addition to the other types found 

on the upper surfaces (Plate 1a – d). 

 

The Epidermal peels of Eucalyptus camaldulensis 

were highly obscured by veins which were difficult to 

clear during slide preparation. Epidermal cells on both 

surfaces of E. camaldulensis were elongated 

tetragonal and polygonal in shape with straight 

anticlinal wall similar to the cells of E. citriodora 

(Plate 2a – d).Anomocytic stomata types were also 

found abundant on both surfaces. Three different 

stomata types (anisocytic, staurotic and anomocytic) 

found in E. citriodora and only one type (anomocytic) 

found in E. camaldulensis are characteristic and 

diagnostic feature for identification of the two species. 

The peculiar nature of the epidermal peel of E. 

camaldulensis of it being difficult to peel during 

preparation of specimen for analysis might also be an 

additional feature that separate E. camaldulensis from 
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E. citriodora. These diagnostic anatomical features 

might be useful in delimitation of the two species 

especially when only leaf fragments are available.  

 

 
 

PLATE 1: Photomicrograph of Leaf Epidermal 

layers of Eucalyptus citriodora 
Key: A and B – Upper surface; C and D – lower surface;  ep – epidermal 
cells; st – stomata; sc – subsidiary cells; 

 

 

 
 

PLATE 2: Photomicrograph of Leaf Epidermal 

layers of Eucalyptus camaldulensis 
Key: A and B – Upper surface; C and D – lower surface;  ep – epidermal 

cells; st – stomata; vn– veins 

 

 

Conclusion  

The result from this study showed that though the two 

Eucalyptus species appear very similar, there exist 

some differences in their chemical composition, 

especially in the hydro-distilled essential oil of the 

leaves, and in their microscopic character. Such 

distinctive characteristic as established in this study 

could be useful in identification of leaf samples of 

these plants. The result would also be useful in 

standardization of the plants towards quality 

assurance and in preparation of monograph on the 

plants. The chemical profile of the oils could also 

provide useful information in drug discovery and 

pharmaceutical raw material development since some 

of the chemical constituents in the essential oils have 

been proven to exhibit antimicrobial and other 

pharmacological activities, which also support their 

use in ethno-medicine. 
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