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Abstract

Background and objectives: Plant extracts contain antioxidant compounds, which have
generated increasing attention in various scientific and industrial fields due to their significance.
Among the most important groups of compounds present in plant extracts are phenolic
compounds. These compounds not only possess antioxidant properties but also have diverse
applications in various industries. Numerous plants have been investigated for the extraction of
bioactive compounds. Chinaberry (Melia azedarach), a woody species, is known to contain
antioxidant substances. In this study, the extracts from heartwood and sapwood of chinaberry
wood were obtained, and the extracted compounds were identified. Additionally, the antioxidant
properties of these compounds were evaluated. This research provides valuable insights into the
potential applications of antioxidant compounds derived from chinaberry wood in different
industries.

Methodology: First, the heartwood and sapwood of Melia azedarach (chinaberry) were
separated and ground using a laboratory mill. Particles size (60 mesh) were isolated using a
laboratory sieve. Prior to extraction, the wood flour underwent pre-extraction with hexane. Three
different extraction methods were employed: Soxhlet, immersion, and ultrasonic. In all methods,
10 grams of wood flour were used as the raw material. In the Soxhlet method, the raw material
was placed in a thimble and then the thimble containing wood flour was placed on flask containing
250 mL of ethanol. The Soxhlet apparatus was set up, and after the first siphoning, the samples
were heated for 6 hours to complete the extraction process. In the immersion method, the samples
were stirred with 250 mL of ethanol at 40°C for 24 hours using a magnetic stirrer. In the uktrasonic
method, the wood flour was combined with 200 mL of ethanol in a beaker. The resulting mixture
was treated at 40°C for a total of 6 minutes, divided into two 3-minute intervals, using ultrasonic
waves at a frequency of 20 kHz and an amplitude of 50%. The compounds present in the extracts
obtained from all three methods were identified using GC-MS analysis. The total phenolic and
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flavonoid content of the extracts was quantified. Additionally, the antioxidant activity of the
extracts was evaluated using the DPPH method.

Results: The analysis of extractable content before pre-extraction with hexane revealed that
the heartwood contained a higher number of extractable materials compared to the sapwood.
Following extraction using three different methods, a re-assessment of extractable content
indicated that the highest amount was obtained from the sapwood using the Soxhlet method. GC-
MS analysis of extracts derived from the heartwood and sapwood of Melia azedarach showed
that methoxyphenol was the predominant phenolic compound identified in both wood types when
extracted using the Soxhlet method. In the immersion method, beta-sitosterol was the most
abundant compound in the heartwood, while methylphenol dominated in the sapwood. For the
ultrasonic method, imidazolidinedione was the most abundant compound in the heartwood, and
beta-sitosterol prevailed in the sapwood. The highest phenolic compound content was observed
in the sapwood extract obtained using the Soxhlet method, measuring 0.45865 g gallic acid per
mg of extract. The maximum flavonoid content was also recorded in the sapwood extract from
the Soxhlet method, with 0.493172 mg quercetin per gram of dry weight. Antioxidant activity
assessment demonstrated that the extract obtained from the heartwood using the immersion
method exhibited the highest antioxidant activity.

Conclusion: This study aimed to investigate the extraction of heartwood and sapwood from
Melia azedarach and evaluate the impact of three different extraction methods- soxhlet,
immersion, and ultrasonic- on the yield of the extracted materials. Additionally, the antioxidant
properties of the extracts obtained through these methods were assessed. The results revealed that
phenolic compounds constituted the majority of the extracted materials in both heartwood and
sapwood extracts of this species. The soxhlet method demonstrated the highest efficiency in
extracting phenolic and flavonoid compounds from the sapwood, while the immersion method
exhibited the highest antioxidant activity in the extracts obtained from the heartwood. These
findings underscore the influence of the extraction method on the quantity and type of compounds
extracted as well as their antioxidant properties. This study provides valuable insights into the
potential utilization of antioxidant compounds in industrial and pharmaceutical applications.
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Table 1- Percentage of extractive content from heartwood and sapwood extracts using soxhlet, immersion, and
ultrasonic methods, before and after pre-extraction with hexane

Heartwood before Sapwood hefore pre- Heartwood Sapwood after
Extractives Content (%) pre-extraction with pwe : P after pre- P .
extraction with hexane - pre-extraction
hexane extraction
Soxhlet 17.33 15.77 2.6 39
Immersion - - 1.63 25
Ultrasonic - - 1 0.3
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Table 2- Identified chemical compounds inethanol extracts of heartwood and sapwood obtained using the
soxhlet method.

Heartwood

Chemical Composition

Sapwood

Area (%) Retention time (min) Area (%) Retention time (min)

3-Hydroxy -4-methoxy benzoic acid 1.15 7.889 1.45 7.993
Penta-methy Ibenzoic acid 0.52 9.269 - -

4-(1-Hydroxyallyl)-2-methoxyphenol 12.79 9.772 14.17 9.824
1,2-Benzenedicarboxy lic acid 1.81 11.957 - -
Phenol, 2-(2-imidazo[1,2-a]) 1.56 12.315 - -
Propanone,1-phenyl-1 0.95 17.643 - -
1,4-Benzenedicarboxylic acid 2.03 18.432 - -
Benzaldehyde, 2,4-dihydroxy 1.97 20.108 - -

Phenol, 2-methoxy-4-(1-propenyl) - - 0.42 6.566

Penteny | angelate - - 0.38 8.153

Phenol, 3,4,5-trimethoxy - - 0.36 8.325

5-(2-Methoxy -pheny1)-3-morpholin - - 0.52 8.999

Squalene - - 0.27 19.086

3-PhenyIpropionic acid - - 1.34 34.724
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Table 3- Identified chemical compounds inethanol extracts of heartwood and sapwood obtained using the
immersion method.

Heartwood Sapwood
Chemical Composition ion ti
P Area (%) Reter(w]?:)tlme Area (%) Retention time (min)
3-Methyl-4-phenyl-1,2,4-oxadiazo 0.57 9.284 0.57 9.284
Carbofuran-3-hydroxy -7-phenol 0.6 9.881 0.60 9.881
1H-Indole, 5-methyI-2-pheny| - - 1.76 20.430
1-methyI-4-phenyI-5-thioxo - - 1.66 20.653
2,4-Imidazolidinedione, 5-(4-
hydroxy pheny ) 0.57 9.284 ) )
3(Hydroxy-1-propenyl)-2- 0.6 9.881 i i
methoxy phenol
1,2Benzenedicarboxylic acid 0.37 11.028 - -
3,4-thiadiazolo[3,2-a]pyrimidin 0.09 17.628 - -
methyIened|0xyb£it:jenyl-2-carboxyI|c 135 17.918 i i
[4-(Ethylsulfany [)phenyl] 1.35 17.918 - -
Silicic acid 0.74 19.086 - -
1-methy|-2-pheny| 1.76 20.430 - -
beta.-Sitosterol 8.40 26.065 - -

Sl A 255 4 Mﬁdﬁﬁw‘ Osn @5z 5 008 e JHUlelas s sas plals ples OlS 5 -F Jsos

Table 4- The compounds of the ethanolic extraction of the sapwood and heartwood with ultrasonication

Heartwood Sapwood
Chemical Composition i ;
P Area (%) Reter(lrt];?:)tlme Area (%) Retention time (min)
2,4-Imidazolidinedione 1.63 9.269 - -
3-(Hydroxyprop-1-en-1-y1)-2- 3.03 9.783 2.03 9.777
methoxyphenol
methoxy-phenyl 0.39 14.234 - -
Methyl N-
hydroxybenzenecarboximidoate 039 14234 i i
2-(2,3-
Dimethoxyphenyl(methyl)benzoic 1.49 17.892 1.24 13.290
acid
Benzenedicarboxylic acid 042 18.437 294 18.437
Squalene 0.46 19.091 1.03 19.091
Stigmasterol 1.23 24.928 1.73 24.923
Gentisic acid - - 144 11.536
Benzenediol - - 0.62 13.435
beta.-Sitosterol - - 9.13 26.106
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Figure 1. Phenolic compound content in the extracts obtained from heartwood and sapwood of
Melia azedarach
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Figure 2. Flawonoid content in the extracts obtained from heartwood and sapwood of Melia azedarach

100
89.01961 90.09804
3
S 80t 74.01961 793185 75 64706
62.35294

2
N—r 60 -
2
=
e}
<

40 1
.
c
8
x
2
2 20 1
<

0
Soxhlet Soxhlet Immersion  Immersion  Ultrasound  Ultrasound
heartwood sapwood heartwood sapwood heartwood sapwood
SRE- R PRIPe @5z 5 090 sz ) b-\-idﬁw‘ cboslas 5 glaws ol el L5 -y IS
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