
ABSTRACT 

The present study focuses on two valuable essential oils extracted from aromatic woods 

cedarwood and sandalwood belonging to the genus Cedrus and Santalum respectively. There 

are various species of these plants found in different parts of the world. However, for both of 

these aromatic woods, the essential oils extracted from the species grown in India are 

established to be of superior quality. The Indian cedarwood belongs to C. deodara and 

sandalwood belongs to S. album.  

India is a vast country with varied climatic condition prevailing through different states 

and therefore it can cause significant variation in yield and chemical composition of these 

essential oils. The cedarwood and sandalwood plants grown in different parts of the Indian 

subcontinent lead to significant variation in yield and chemical composition of essential oil 

extracted. Therefore samples of cedarwood and sandalwood were procured from different 

states and compared for yield and chemical composition of essential oil extracted. Cedarwood 

samples were obtained from Himachal Pradesh and Uttarakhand. Hydrodistillation of these 

woodchips provided 3.6% and 4.9% yield of essential oils in 10-11 h. The chemical profile of 

the essential oils were similar with variation in percentage composition of different 

constituents. The total % of sesquiterpene hydrocarbons in cedarwood oil from Himachal 

Pradesh and Uttarakhand were 20.6% and 13.9% respectively. Whereas, the total % of 

oxygenated sesquiterpenoids were 73.5% and 76.5% respectively. Significantly high difference 

was observed in the amount of (E)-α-atlantone concentration in the two oils. Sandalwood 

samples were procured from Maharashtra (Western India), Odisha (Eastern India) and 

Karnataka (Southern India). Hydrodistillation of these woodchips provided 1.5%, 3.2% and 

5.1% sandalwood oil in approximately 14 h respectively. The chemical profile of these oils 

were similar with variation in % composition. The total sesquiterpene hydrocarbon content in 

sandalwood oil from Maharashtra, Odisha and Karnataka was 1.2%. 3.4% and 4.0% 

respectively. The total content of oxygenated sesquiterpenoids were 78.2%, 87.6% and 87.8% 

respectively. The santalol content in these oils were 73.1%, 78.1% and 81.9% respectively.  

The chemical composition of cedarwood and sandalwood oil reveals the presence of 

sesquiterpenes and sesquiterpenoids which are relatively difficult to extract in comparison to 

monoterpenes and monoterpenoids. The oil yield for these aromatic wood is very low and 

requires large amount of energy and time for separation of oil from wood. This causes increased 

demand of raw material leading to extensive deforestation. Therefore in current study, three 



different techniques for the pretreatment of these woodchips prior to subjecting them for 

hydrodistillation. These pretreatment techniques were selected based upon their ability to 

disrupt the lignocellulosic linkage within the plant material causing the opening of oil glands 

and thereby facilitating the extraction of essential oils. The selected pretreatment techniques 

were: subcritical water and hydrolytic enzymes. The process variables for these two 

pretreatment techniques were optimized for both the aromatic woods. An integration of the two 

pretreatment processes at optimized conditions was also attempted. The results suggest the 

success of all the three pretreatment processes providing improved cedarwood and sandalwood 

oil yield with respect to the control (untreated-woodchips). These pretreatments also led to 40-

50% reduction in extraction time which is a very crucial aspect of production at commercial 

scale.  

The hydrodistillation of fresh cedarwood yielded 3.6% essential oil. The optimized 

parameters achieved for the subcritical water pretreatment of cedarwood were: temperature 

150℃, time 30min and solid to solvent ratio of 1:12. The cedarwood oil yield at these 

optimized conditions was 4.8%. The optimized parameters for the enzymatic-pretreatment of 

cedarwood were: temperature 50℃, pH 5, incubation time 90min and enzyme loading 

1.2mg/mL. The cedarwood oil yield at these optimized conditions was 6.6%. Besides, the 

combination of these two pretreatment processes led to 5.8% oil yield. Interestingly, it was 

observed that pretreatment of woodchips also led to improved extraction of (E)-α-atlantone, 

which exhibits high antimicrobial activity as established by some studies.  

The hydrodistillation of fresh sandalwood provided 5.1% essential oil. The optimum 

conditions obtained for subcritical water pretreatment of sandalwood were same as cedarwood 

providing 6.0% oil yield. The optimum conditions for enzymatic pretreatment of sandalwood 

were: temperature 50℃, pH 5, incubation time 120min and enzyme loading 1.5mg/mL, 

yielding 6.8% sandalwood oil. The required incubation time and enzyme loading were higher 

than cedarwood. The integrated pretreatment led to 6.3% oil yield. It was observed that these 

pretreatments also led to improved percentage of santalol in the extracted oil. Santalol is 

established as the most valuable constituent of sandalwood oil deciding its quality and market 

price.       

According to results of present work suggest the superiority of low-temperature 

enzymatic-pretreatment process over others for the pretreatment of the selected aromatic woods 

for obtaining higher yields and improved quality of essential oil. The cedarwood and 



sandalwood oil obtained via enzymatic-assisted hydrodistillation were investigated for their 

antimicrobial activity against selected bacterial and fungal strains by disc diffusion assay 

process. For cedarwood oil, significant improvement in antimicrobial activity was observed for 

oil extracted from pretreated wood. This can be attributed to improved content of oxygenated 

sesquiterpenoids responsible for antimicrobial property of cedarwood oil. For sandalwood oil 

also, slight improvement in activity against selected strain was observed. 

Further, the most suitable enzymatic-pretreated cedarwood and sandalwood were 

subjected to liquid carbon dioxide for extraction of valuable volatiles. For both the woods 

improvement in yield with reduced extraction time was observed. For cedarwood, the yield 

was increased upto 8.1% in 4 h in comparison to 3.6% in 10-11 h via conventional 

hydrodistillation. For sandalwood, when enzymatically pretreated woodchips were used for 

extraction of volatiles via liquid carbon dioxide, the yield increased to 7.3% in 4 h from 5.1% 

in 14 h via conventional hydrodistillaion. The improvement in % of valuable compounds viz. 

(E)-α-atlantone in cedarwood and santalol in sandalwood was also drastically high for 

pretreated woods. Besides, both cedarwood and sandalwood oil from pretreated wood showed 

high antimicrobial activity in comparison to essential oil extracted from fresh wood.  

The essential oils from aromatic woods are ranked amongst most expensive essential 

oils leading to frequently observed cases of adulteration in commercially sold oils. The quality 

control analysis of essential oil involves investigation of appearance, olfactory and physico-

chemical attributes. For some cases it also involves investigation of chemical composition via 

GC-MS analysis. However, many of the adulterants used are low-volatile or non-volatile 

escaping the quality control analysis and penetrating the market. In current study, we proposed 

the application of thermogravimetric analysis as a novel method for rapid and precise detection 

of high boiler adulterants in sandalwood and cedarwood oil. Different proportions of (5%, 10%, 

15% and 30%) selected high-boiler adulterants such as castor oil, coconut oil and polyethylene 

glycol 400 were mixed with cedarwood and sandalwood oil. The adulterated samples were 

analyzed for their physical properties such as refractive index and specific gravity. No 

significant change in comparison to the pure essential oil was observed. The adulterated and 

pure (control) oil samples were then subjected to thermogravimetric analysis. A clear cut 

distinction in TGA pattern was observed. The pure essential oil sample exhibited a single stage 

volatization pattern in low temperature region corresponding to volatile oil. Whereas, the 

adulterated samples exhibited a two-stage volatization pattern corresponding to the presence 

of both essential oil (low temperature) and adulterant (high temperature). Further by use of the 



TGA software precise determination of the amount of adulterant can be done by estimating the 

weight loss occurring in the corresponding high temperature volatization zone.       

As a concluding study of present thesis for value addition purpose, isolation of valuable 

sesquiterpenoid by column chromatography was carried out. From cedarwood oil we isolated 

(E)-α-atlantone and from sandalwood oil (Z)-α-santalol was isolated in high purity. The 

isolated compounds were characterized by spectroscopic techniques such as GC-MS and 2D 

NMR. The spent biomass obtained after hydrodistillation of fresh and pretreated cedarwood 

and sandalwood was utilized for preparation of incence sticks. It was observed that the required 

binder for pretreated woods was low in comparison to untreated wood. This can lead to 

utilization of waste for providing alternate employment opportunities to rural society along 

with solving the major problem of waste disposal. 

 

 

 

 

 


