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HIGHLIGHTS  GRAPHICAL ABSTRACT 

 Aspergillus spp., especially Aspergil-

lus niger is the most commonly identi-

fied fungi in wooden artifacts. 

 Essential oils are an eco-friendly 

treatment applied for the protection of 

wooden artifacts. 

 FTIR spectroscopy, pH value and col-

or change measurements were applied 

to assess the effect of basil oil on 

wood.   
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Essential oils are used for multiple purposes 

in different fields; and recently they became 

vital in the conservation field. Basil oil, one 

of many essential oils, is known for its fungi-

cidal activity against fungi, which attacks or-

ganic materials, such as wood. Throughout 

the ages sycamore fig wood, which is native 

in Egypt, was commonly used in archaeologi-

cal artifacts; yet due to its hygroscopic prop-

erties it is usually infested with microorgan-

isms, especially Aspergillus sp. To sustain 

wooden cultural heritage,  it is necessary to 
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protect it from fungal attack using an environmentally friendly material, which is safe for both 

the object and conservator.  

As a preliminary step microbiological studies were carried out on a wooden sycamore mask 

to identify the microbial infestation. This was followed by an experimental study, which 

aimed to study the effect of basil oil treatment on sycamore wood samples. Heat ageing pro-

cess was carried out on naturally aged wood to simulate archaeological samples; and for eval-

uation and assessment of oil treatment FTIR analysis, color change measurements and pH 

value were carried out. The obtained results suggest that basil oil plays a role in protecting 

wood not only from microbial infestation, but also from ageing, and reduces the alkalinity of 

wood directly after treatment. The ratio between lignin/carbohydrates (hemicellulose, crystal-

lized and amorphous cellulose) was not totally affected in the treated samples after heat age-

ing when compared to the untreated aged samples. Therefore, it is strongly recommended to 

introduce basil oil as an effective environmentally friendly material in preventive conserva-

tion treatments.  

 

1. Introduction 

Anatomical structure and chemical composi-

tion varies according to species, and accord-

ingly the intensity of a microbial infestation 

varies. Ficus sycomorus is a porous low den-

sity wood, with a specific gravity of 0.47; the 

radial diameter of the vessel cells in various 

sycamore species ranges between 117-176 

μm and the vessel frequency ranges between 

4 – 13/ mm
2
 [1]. Quantitative chemical anal-

ysis in previous research showed that this 

wood is composed of 30% lignin and 39% 

carbohydrates [2]. 

Archaeological wood in Egypt is often found 

infested with microorganisms, especially 

fungal species such as Aspergillus spp., Al-

ternaria alternata, Cladosporium sp. and 

Penicillium sp. In previous studies, these 

species of fungi and many other species have 

been identified [3], and their degrading effect 

on wood has been discussed [4] [5]. There-

fore, researchers are continuously developing 

methods for the protection of wood against 

fungal decay, and the efficacy of many fun-

gicides has been assessed, but not all chemi-

cal fungicides are suitable for indoor applica-

tions, because of their health hazards. Natu-

ral solutions are environmentally-friendly, 

and they include plant extracts such as essen-

tial oils, which are known for their antifungal 

and antibacterial activities. The essential oil 

of basil (Ocimum basilicum) has antifungal 

activity against Aspergillus spp. [6][7], and 

thus, has been recommended for use, because 

it is easily available, and has an anti-decay 

action that makes it applicable as a wood 

preserver [8]. A main concern in the field of 

archaeological wood conservation is the ad-

verse effect of any treatment on the wood 

itself, therefore, this study aims to evaluate 

the effect of the essential oil of O. basilicum 

on the chemical and physical properties of 

sycamore wood, an angiosperm, which was 

commonly found in ancient Egyptian arti-

facts and is commonly infested with micro-

organisms. 

 

2. Materials and Methods 
2.1. Archaeological samples 

The wooden mask 
As a starting point for this study a wooden 

face mask of unknown origin, currently 

stored in the Herbarium, Botany Department, 

Faculty of Science - Cairo University was 

documented and investigated. The wooden 

face mask, which was originally designed in 

ancient Egypt to resemble the face of a de-

ceased person in order to help for the soul to 

recognize it according to ancient beliefs, was 

carved out of Ficus sycomorus wood, as pre-

viously identified by El Hadidi [2]. This type 

of wood was commonly used in carving 

wooden masks in ancient Egypt and is often 

found to be in a fragile condition [9], proba-

bly due to its low density and high porosity, 

as aforementioned.  

Fungal studies of wooden samples were con-

ducted in the Tag Elezz Research Station, 

Soils, Water and Environment Research In-

stitute, Agricultural Research Center Dakahl-

ia, Egypt. 
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2.2. Isolation of fungi 

The technique of swab sampling was used by 

passing sterilized cotton swabs over seven 

different parts of the wooden mask as in (Ta-

ble 1). The samples were cultivated on plates 

of potato dextrose agar (PDA) medium, 

composed of 200 g of potato starch, 20 g of 

dextrose, 20 g of agar and 1000 ml distilled 

water, then sterilized at 121°C for 15 min. 

For up to 7 days of incubation at room tem-

perature the plates were mainly investigated 

on a daily basis for Aspergillus spp., which is 

one of the most commonly identified species 

in archaeological samples in Egypt.  

 

2.3.  Experimental samples 
Rectangular chips (1.5 ×3 ×0.5 cm) of Ficus 

sycomorus were prepared. A hole was drilled 

in the center of each of the wood chips’ sam-

ples so that they would hang freely during 

the exposure to the vapor of basil oil. For pH 

measurements and FTIR analysis sawdust 

samples were prepared.  

The samples (chips and sawdust) were given 

the following codes; control sample (S1), 

samples exposed to essential oil vapor (S2 

and S3). 

 

2.4.  Accelerated heat ageing method 
The experimental study was based on sam-

ples of Ficus sycomorus wood (the same 

type of wood identified in the mask), that 

had been exposed to a natural ageing process 

for twenty years. For further ageing, to simu-

late archaeological wood, the samples were 

thermally aged at (100 + 5˚C) for 40 hours in 

an oven (Heraeus, JTC- 905) at the Conser-

vation Department - Faculty of Archaeology 

- Cairo University. It is very difficult to reach 

a state of deterioration similar to that badly 

infested wood, such as that of the mask, but 

color change measurements and FTIR spec-

tra indicated that the wood was slightly simi-

lar to archaeological wood (Fg. 1).  

To compare the effect of the basil oil on the 

wood directly after treatment and after expo-

sure to heat ageing, the wood treated with the 

vapor of the essential oil was exposed to a 

second artificial ageing process at 80˚C and 

65% relative humidity for 240 hours which is 

an equivalent to 50 years of natural ageing 

[10].  

2.5. The exposure of wooden samples 

to basil oil 

In tightly sealed glass containers wood sam-

ples, both chips and sawdust, were exposed 

to the vapors of basil oil, purchased from 

Harraz for Food Industry & National Prod-

ucts, for 5 consecutive days at normal room 

temperature, without vacuum. All samples 

were exposed to 2 cm
3
 of distilled water 

mixed with Tween 80 (at the rate of 0.5%) 

and 3.0 mol./ml of basil oil, and the control 

sample (S1) was exposed to 2cm
3
 of distilled 

water without the addition of oil so that all 

wood samples would be exposed to the same 

relative humidity in airtight 250-ml Erlen-

meyer flasks. 

To minimize error during the interpretation 

of both pH value and FTIR analysis, half of 

the previously aged sawdust samples, control 

(S1) and vapor treated (S2 and S3), were heat 

aged and given the codes (S1
80˚C

, S2
80˚C

, 

S3
80˚C

). 

 

2.6. Evaluation methods  

2.6.1. Color measurements  
Color measurement was carried out at the 

Conservation Department - Faculty of Ar-

chaeology - Cairo University, using the CIE 

lab system, Miniscan EZ - Hunter Lab - 

Mesz0693. In the case of color change meas-

urements, two samples had to be used, be-

cause of extreme variation in wood color 

within the same woodblock; and due to the 

fact that sycamore wood, like any other type 

of wood, is anisotropic, it was necessary to 

determine a specific area for color measure-

ments in each sample before and after expo-

sure to the oil vapors to obtain accurate re-

sults. For color change calculations the sam-

ples were measured before and after expo-

sure to the essential oil, and after heat ageing 

in the same area to provide consistency dur-

ing measurements. Three replicates were 

used for each sample to evaluate color meas-

urements [10] [11]. 

 

2.6.2. The pH value 
The pH value of wood was measured with a 

pH/ MV & Temperature Meter, AD 1030. 

Two grams of sawdust were mixed with 40 
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cm
3
 distilled water and the pH value was 

measured after 10 minutes’  under lab condi-

tions [12]. The measurement was repeated 

after 24 hours to confirm that the pH value 

did not change after longer periods of im-

mersion in water. 

 

2.6.3. Attenuated total reflectance/ 

Fourier Transform Infrared 

Spectroscopy  
All the wood samples, mask and experi-

mental samples, were analyzed using Fourier 

Transform Infrared Spectroscopy to study the 

chemical changes in both the archaeological 

sample and the experimental samples before 

and after exposure to the essential oil and to 

determine how the wood had been affected 

by the oil treatment before and after heat 

ageing. All wood samples were analyzed 

with a JASCO FTIR - 6100 type A, in the 

frequency range of 400-4000 cm
-1

, using the 

KBr pellet technique in transmission mode at 

the National Institute for Standards (NRC) in 

Giza, Egypt and Essential FTIR software 

version (2.00.045 Infrared File Viewer). 

 

3. Results and discussions 

3.1. Mycological study 
The mycological infestation of the mask 

proved that it had been infested with Asper-

gillus spp. (A. niger and A. flavus) [13][14], 

which was loaded by a total of 41.18%. This 

result confirmed that this type of wood is 

infested with Aspergillus spp., and needs to 

be monitored and treated on a regular basis, 

without causing any chemical or physical 

alterations to the artifact (Table 1).   

 

3.2. Color measurements 
Results of color measurements (Table 2) re-

vealed that basil oil had a moderate effect on 

wood color as there is no notable change in 

(ΔE) according to the CIE lab equation. ΔE 

of the control sample S1 was 1.96 after ex-

posure to water only, S2 that had been treat-

ed with basil oil vapor gave a similar value, 

but ΔE value of S3 was slightly higher. With 

the value of ΔE lower than 2, there is no sig-

nificant color change as in the case of the 

control sample and sample S2. A clear 

change in the value of both oil- treated sam-

ples is evident in the L and b values, yet re-

mained almost stable in the a values. The 

most sensitive parameter of wood surface 

quality, namely (Δ𝐋) [11], gave a negative 

value after treatment in samples S2 and S3 (-

1.17, -2.99, respectively) indicating that a 

slight darkening occurred in the samples, but 

after ageing the value of (Δ𝐋) changed to a 

positive value in S1
80˚C

, S2
80˚C

 and S3
80˚C

 

(8.79, 7.36 and 7.36, respectively) indicating 

that the wood surface became lighter. The 

(Δb) was much higher than the values before 

heat ageing, which explains the slight fading 

and yellowing of wood due to heat ageing 

[11] [15].  
Color change of the wood surface after heat 

ageing occurred in all three samples S1
80˚C

, 

S2
80˚C

 and S3
80˚C

, where ΔE was (13.28, 

12.63 and 13.35, respectively), which indi-

cates that the color change is not due to the 

basil oil treatment. As mentioned in previous 

literature this color change may have been 

caused by some changes in the chemical 

composition of wood such as the degradation 

of the amorphous carbohydrates and extrac-

tives modification, in other words, the for-

mation of degradation products of hemicellu-

loses and extractives, or it could be attributed 

to deterioration of lignin during exposure to 

heat [16] [17] [18]. 
 

3.3. The pH value of wood 
The pH value of wood before and after 

treatment revealed that basil oil, which has a 

pH value of 7.2, reduces the alkalinity of the 

sycamore wood. The control wood sample 

(S1) was 9.3, after exposure to the vapor the 

value of the wood sample (S2) decreased to 

(8.7). After thermal ageing the pH of the 

wood sample (S1
80˚C

) decreased to (8.3), and 

the treated wood sample (S2
80˚C

) that was 

exposed to thermal ageing had a pH value of 

(8.2), which indicates that the basil oil reduc-

es the alkalinity of wood directly after treat-

ment, and may have a slight effect on wood 

during thermal ageing.  

The acidity of wood arises from the hydroni-

um ions released chiefly by free and bound 

organic acids present in extractives and non-

cellulosic polysaccharides [19]. It is not 

common that wood has an alkaline pH value, 

as in the case of sycamore wood, therefore it 

is very difficult to confirm that basil oil has 
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an ability to reduce or change the pH value 

of different types of wood.  

The low polysaccharide and extractives con-

tent (39 and 2 %, respectively) of sycamore 

wood [2], may explain its initial alkalinity, 

that gradually changed when exposed to basil 

oil and thermal ageing. It may be necessary  

to measure in future the pH of wood treated 

with basil oil on a weekly or monthly basis 

over a long period of time before finding a 

logic explanation for the effect of essential 

oils on wood.  
 

Table 1. Number of Aspergilli colonies recovered from the seven swab samples 

taken from different parts of the wooden face mask. 

 

 

Swabs Total colony 

no. 

Aspergilli 

no. 

Percent of 

Aspergilli 

Species 

1 4 4 23.52% A. niger 

2 6 1 5.88% A. flavus 

3 1 - 0 - 

4 2 - 0 - 

5 5 2 11.78% A. niger 

6 - - 0 - 

7 2 - 0 - 

 

The wooden mask under study, with the 7 areas that were 

chosen for swab sampling. 

 

 

Table 2. Color change measurements.  

 

S1: control sample, S2, S3: samples exposed to oil vapor, S1
80˚C

, S2
80˚C

, S3
80˚C

 samples 

after heat ageing.  

 

 

3.4. Fourier transform infrared spec-

troscopy of basil oil and wooden 

samples 
Fourier transform infrared spectrum was 

used to identify and assess the stability of 

chemical constituents. Functional groups of  

 

 

the active components are based on the peaks 

obtained through stretching and bending vi-

brations in the region of infrared radiation in  

wooden samples and basil oil as shown in 

Figures 1, 2 and 3 and Table 3 [20] [21]. 

 

 

 
 

 

Sample L Δ𝐋 Δ𝐛 Δ𝐚 ΔE 

Before and after exposure to the vapor 

S1 48.93 -0.98 1.47 0.87 1.96 

S2 48.08 -1.17 1.15 0.88 1.86 

S3 47.54 -2.99 1.59 1 3.53 

All samples after heat ageing 

S1
80˚C

 57.72 8.79 9.92 0.94 13.28 

S2
80˚C

 56.16 7.36 10.21 1.08 12.63 

S3
80˚C

 56.51 7.36 9.81 1.25 13.35 
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Fig. 1. FTIR spectra of experimental wooden samples, S1: control 
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ple, S2: sample exposed to oil vapor, S1
80˚C

, S2
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 samples after heat age-
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By comparing the functional groups at spe-

cific wavenumbers of the samples (S1, 

S1
80˚C

, S2 and S2
80˚C

) it is clear that hemicel-

lulose is very weak in the control sample 

(S1) and also in the treated sample (S2), and 

it disappeared in the aged control sample 

S1
80˚C

 and the aged treated sample S2
80˚C

, 

which is in agreeance with what was noted in 

previously published research that full 

weathering showed an initial growth of free 

carbonyl groups, followed by a decrease in 

intensity as these functional groups are 

leached out of the wood [22] [23] [24]. By 

comparing the spectra of the wood before 

and after heat ageing with the spectra of the 

mask it is clear that changes of intensities 

were mainly noticeable in the bands assigned 

to cellulose (Fig.1), and the same changes 

also occurred in sample S2
80˚C 

(Fig.2). This is 

a clear indication that heat has a very strong 

effect on wood components, and if it had not 

been for the fungal infestation of the mask, 

presumably a stronger similarity between the 

spectra of the mask and heat aged wood 

would have been noted.   

The peaks for cellulose (crystallized and 

amorphous) of the four samples (S1, S1
80˚C

, 

S2 and S2
80˚C

) at around 1425 cm
-1

, are sharp 

in S1 and S2 at 1417 cm
-1

 and 1419 cm
-1

, 

respectively, but after ageing a broadening of 

the peak occurred in S1
80˚C

 and in S2
80˚C

 at 

1417 cm
-1

.  

The bands at 1375 cm
-1

 refer to CH bending 

of amorphous cellulose, in S1 and S2 a weak 

sharp peak is found at 1373 cm
-1

, but after 

heat ageing there is a broad peak at 1365 in 

S1
80˚C

 and at 1371 cm
-1

 in S2
80˚C

. 

OH bending in sample S1 is in the form of a 

very weak sharp peak at 1334 cm
-1

; in S2 it 

is a weak sharp peak at 1336 cm
-1

 but in both 

S1
80˚C

 and S2
80˚C

 a broadening of the peak 

occurred at 1321 cm
-1

. 

The peak of C-O-C asym, bridge oxygen 

stretching cellulose is weak in both samples 

S1 and S2 at 1153 cm
-1

 and
 
1160 cm

-1
, re-

spectively; but after heat ageing the peak 

broadened in samples S1
80˚C 

and S2
80˚C

 at 

1149 cm
-1

 and 1159 cm
-1

, respectively. 

The band at 897 cm
-1

, which refers to asym. 

out of phase ring stretching cellulose in sam-

ple S1 is sharp and weak at 889 cm
-1

 and in 

S2 it is weak and broad at 891 cm
-1

;
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Fig. 3. FTIR spectra of experimental wooden samples S1: control sam-

ple, S2: sample exposed to oil vapor, and basil oil 
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Table 3. FTIR bands of wooden samples and basil oil 

 

 

Basil Oil  Mask S 1 S1 
80˚C

 S 2 S2 
80˚C

 

Bands assigned to Oil 
[25] 

Bands assigned to Hemicellulose and Cellulose in Wood  

Bending vibra-
tion of N-H 
amino acids, 
C═O stretching 
of aldehyde, 
ketons and es-
ter. 

1718 
cm

-1
 

1735 C=O 
stretching in 
unconjugated 
ketones 

1733  
cm

-1
 

1733  
cm

-1
 

--- 1733  cm
-1

 --- 

weak 
sharp 
peak 

v. weak 
and 
sharp 

v. weak 
and 
sharp 

Absent v. weak Absent 

Stretching 
vibrations of C-
O amide and of 
C-C stretching 
from the phenyl 
groups 

1438  
cm

-1
 

1425  cm
-1

CH2 
bending Cellu-
lose (crystal-
lised I and 
amorphous) 

1418  
cm

-1
 

1417  
cm

-1
 

1417  
cm

-1
 

1419  cm
-1

 1417  cm
-

1
 

Sharp strong  
and 
broad 

sharp 
peak 
and 
weak 

broad 
peak 

 V .weak 
and sharp 

V .weak 
and 
broad 
peak

 

Stretching 
vibrations of C-
O amide and of 
C-C stretching 
from the phenyl 
groups. 

1373  
cm

-1
 

1375  cm
-1

 CH 
bending Cellu-
lose 

--- 1373  
cm

-1
 

1365  
cm

-1
 

1373  cm
-1

 1371  cm
-

1
 

sharp Absent Weak, 
sharp 
peak 

broad 
peak 

V. weak, 
sharp 
peak

 

V. weak 
and 
broad 
peak

 

------ 
 

1336  cm
-1

OH 
in plane bend-
ing Cellulose 
(amorphous) 

--- 1334  
cm

-1
 

1321  
cm

-1
 

1336  cm
-1

 1321  cm
-

1
 

Absent Weak, 
sharp 
peak 

broad 
peak 

V. 
weak, 
sharp 
peak

 

V. weak 
and 
broad 
peak

 

------ 
 

1317 CH2 wag-
ging Cellulose 
(crystallised I) 

--- 1313  
cm

-1
 

--- --- --- 

Absent V. weak Absent Absent Absent 
stretching vi-
brations of 
carbonyl C-O, 
or O-H bending 

1176  
cm

-1
 

1163  cm
-1

COC 
asym. bridge 
oxygen stretch-
ing Cellulose 

1162  
cm

-1
 

1153  
cm

-1
 

1149  
cm

-1
 

1160  cm
-1

 1159  cm
-

1
 

sharp 
peak 

v.v. 
weak 
and 
broad 

V. weak 
and 
sharp 

Broad V. weak 
and 
broad 

V. 
broad  
 and 
weak 

below 1000 cm
-1

 
corresponds to 
C-H bending 
vibrations 

912  
cm

-1
 

897  cm
-1

asym. 
Out of phase 
ring stretching 
Cellulose 

874  cm
-1

 889  cm
-

1
 

889  cm
-1

 891 890 

sharp 
peak 

Strong 
and 
sharp 

V. weak 
and 
sharp 

Broad V. weak 
and 
broad 

V. weak 
and 
broad

 

N-H bending 
vibrations and  
aromatic do-
main 

1583  
cm

-1
 

Bands assigned to Lignin in Wood 

1594-1602 cm
−1 

conjugated  C–
O 

--- --- --- --- --- 
sharp Absent Absent Absent absent absent 

N-H bending 
vibrations and  
aromatic do-
main 

1510  
cm

-1
 

1505-1511 cm
−1

 
for  C=C 
stretching vi-
bration in lig-
nin aromatic 
skeletal 

1508  
cm

-1
 

1508  
cm

-1
 

1506  
cm

-1
 

1508  cm
-1

 1506  cm
-

1
 

V. 
strong 
sharp 
peak 

v. v 
weak 
and 
sharp 

sharp 
peak 

broad 
peak 

sharp 
peak 

broad 
peak 

stretching vi-
brations of 
carbonyl C-O, 
or  
O-H bending 

1245  
cm

-1
 

1264-1270  cm
-1

 
cm

−1
 for guai-

acyl ring 
breathing, C–
O stretch in 
lignin 

1247  
cm

-1
 

1259  
cm

-1
 

1257  
cm

-1
 

1263  cm
-1

 1263  cm
-

1
 

Sharp Sharp 
peak 

Weak 
and 
broad 

Broad Weak and 
broad 

Weak 
and v. 
broad 
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but after ageing a broad and weak band was 

recorded at 889 and 890 cm
-1 

in S1
80˚C

 and 

S2
80˚C

, respectively. 

The bands of conjugated C-O from 1594-

1602 cm
-1

 was not recorded in any of the 

samples before and after treatment and age-

ing. 

C=C stretching vibration in lignin aromatic 

skeletal is sharp in samples (S1 and S2) at 

1508 cm
-1

, but after heat ageing the bands 

shifted to 1506 cm
−1 

in (S1
80˚C

 and S2
80˚C

)
 

and broadened. 

Conjugated C–O in lignin at 1594-1602 cm
−1 

was absent in all samples (mask and experi-

mental samples), which is in agreeance with 

previously published results [26]. C-O 

stretching in lignin (guaiacyl) is weak in 

sample S1 and S2 at 1259 and 1263 cm
-1

, 

respectively, and broadened after exposure to 

heat ageing in sample S1
80˚C

 and S2
80˚C 

at 

1257 and 1263 cm
-1

, respectively. 

The main bands that are assigned to the 

wood carbohydrates and lignin that have the 

same wavenumber as basil oil became 

broader after exposure to the oil vapor, and 

remained so after heat ageing.  

Comparison of intensity ratio of lignin and 

carbohydrates in any wood sample can help 

explain the chemical changes within a sam-

ple, using a very small amount of the sample, 

as previously mentioned in literature [23]. 

Lignin, hemicellulose, amorphous and crys-

tallized cellulose are each affected in a dif-

ferent manner when exposed to the same 

treatment or ageing conditions. In the above 

mentioned samples, the wood, with a pH of 

9.3, was exposed to the vapor of basil oil, 

which has a pH of 7.2. This treatment 

changed the pH of wood to 8.7, making the 

wood less alkaline. The exposure of wood, 

before and after treatment, led to a further 

decrease of the wood alkalinity. These 

changes are reflected in the color change of 

the samples, especially after heat ageing. To 

better understand and correlate the obtained 

results, the intensities in the FTIR spectra 

were compared (Table 4) and explained as 

follows:   

The ratio of intensities in the FTIR spectra of 

the control sample (S1) and the sample treat-

ed with basil oil (S2) indicated that there was 

a slight decrease in the ratio lig-

nin/hemicellulose and lignin/amorphous cel-

lulose bands at 1375 cm
-1

 in the sample 

which was exposed to the vapor of basil oil. 

A strong decrease of ratio between lig-

nin/crystallized cellulose at 1425 cm
-1 

was 

recorded in the same sample, yet a very high 

increase in ratio was recorded between lig-

nin/895 cm
-1

. 

After exposing untreated and treated wood 

(S1
80˚C

 and S2
80˚C

, respectively) to heat age-

ing, hemicellulose totally disappeared. By 

comparing the heat aged sample (S1
80˚C

) with 

the control sample (S1), and the sample after 

treatment and ageing (S2
80˚C

) with the treated 

sample (S2), a very strong decrease of ratio 

between lignin/crystallized cellulose at 1425 

cm
-1

 was calculated. The ratio between lig-

nin/amorphous cellulose bands at 1375 cm
-1

 

also decreased, yet a surprisingly high in-

crease was calculated between lignin/895 cm
-

1 
in sample S1

80˚C
, on contrary to the sample 

S2
80˚C

, in which the ratio decreased. This can 

be correlated with the lighter color of wood 

in the results obtained from the color meas-

urements. 

The heat ageing process had a negative effect 

on the 897 asym. out of phase ring stretching 

in cellulose, after the exposure to the oil va-

por the band intensity increased, and then 

decreased again reaching almost the same 

ratio as in the control sample. 

By comparing the ratio between lignin and 

carbohydrates in the four samples (S1, S1
80˚C

, 

S2, S2
80˚C

), it is clear that the heat ageing had 

a far stronger degrading effect on the wood 

than the exposure of wood to basil oil va-

pors, which was also noted in the aforemen-

tioned color change measurements.  

 

4. Conclusion 
In previously published research, basil oil 

has proven its effectiveness in inhibiting 

fungal infection in wood in general and 

against Aspergillus spp. in particular. The 

results obtained in this study indicate that 

basil oil did not have a negative effect on the 

chemical composition of the sycamore wood 

and the change was caused by the ageing 

process. The recorded changes in color val-

ues (L, a, and b) and total color difference 

(ΔE) were so small; and this may be due to 

the heterogeneity of wood samples and/or the 
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Table (4) Ratio of lignin and carbohydrate intensities 
 

 

minute amount of absorbed oil, which could 

not be detected in the FTIR spectra.  

The results of this experimental study indi-

cated that the oil has a very mild effect on 

the chemical and physical properties of 

wood, and even contributed in minimizing 

the effect of heat ageing on wood and there 

may be a probability that basil oil slightly 

protects wood from damage during exposure 

to the ageing process. This is in agreeance 

with previous results which recorded that 

nontoxic vegetable oils can form a protective 

layer on the surface of wood cells, due to the 

decrease of the water uptake of wood [27]. 

Another paper indicated that the compression 

strength values of samples treated with vege-

table oils were higher than the values of un-

treated samples after weathering exposure 

[11].  

Currently a lot of researchers are discussing 

the use of essential oils in different disci-

plines and application methodologies; and it 

is worthy to note that a lot of points still need 

to be evaluated, before attempting to use the-

se environmentally friendly materials in con-

servation science. It is of major importance 

to focus in future research on identifying the 

different components of basil oil, because of 

the extremely large variety of the chemical 

composition and antioxidant activity of the 

essential oils and extracts of sweet basil, 

such as the results of an investigation that 

demonstrated significant variations in the 

antioxidant activities of sweet basil essential 

oils and extracts from three areas in Upper 

Egypt [28]. The variation of basil oil compo-

nents or any other essential oil will not only 

differ in its effectiveness in inhibiting fungal 

infestation, but it will also have different ef-

fects in the treatment of wood species used in 

historical and archaeological artifacts. 
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