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ABSTRACT

Background:	Medicinal	plants	are	important	sources	of	therapeutic	agents	due	to	their	diverse	phytochemicals.	While	avocado	(Persea	
americana)	and	turmeric	(Curcuma	longa)	are	widely	studied	for	their	fruits	and	rhizomes,	their	leaves	remain	underexplored.	This	
study	employed	gas	chromatography–mass	spectrometry	(GC–MS)	to	pro�ile	bioactive	compounds	in	their	ethanolic	leaf	extracts	and	
evaluate	their	pharmacological	relevance.
Methods:	Fresh	leaves	of	P.	americana	and	C.	longa	were	collected,	authenticated,	extracted	with	99%	ethanol,	and	subjected	to	GC–MS	
analysis.	Compounds	were	identi�ied	using	the	NIST	library	and	grouped	by	pharmacological	class.
Results:	Thirteen	compounds	were	detected	in	each	plant.	In	avocado	leaves,	the	dominant	constituents	were	benzenemethanamine	
(28.41%),	benzenamine	(24.33%),	and	benzaldehyde	(19.76%),	while	turmeric	leaves	were	rich	in	benzenemethanamine	(40.74%)	and	
benzenamine	 (21.52%).	 The	 identi�ied	 compounds	 belong	 to	 classes	 associated	 with	 antioxidant,	 antimicrobial,	 antifungal,	 anti-
in�lammatory,	and	anticancer	properties.
Conclusion:	The	presence	of	pharmacologically	active	compounds	in	avocado	and	turmeric	leaves	highlights	their	potential	as	sources	
of	 natural	 therapeutic	 agents.	However,	 the	 detection	 of	 benzyl	 chloride	and	diphenylamine	derivatives	 underscores	 the	 need	 for	
con�irmatory	analyses	and	safety	evaluation.	Complementary	LC–MS	pro�iling	and	targeted	bioassays	are	recommended	to	validate	the	
therapeutic	potential	and	ensure	the	safety	of	these	extracts.	This	study	provides	the	�irst	GC–MS	pro�iling	of	P.	americana	and	C.	longa	
leaves	in	this	region,	strengthening	the	evidence	that	tropical	plants	are	reservoirs	of	valuable	bioactive	compounds
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1.0	Background	of	Study
Medicinal plants have long been a cornerstone of traditional 
medicine and modern drug discovery. With over 80% of the 
global population relying on plant-derived medicines for 
primary healthcare [1, 2], the signi�icance of these natural 
resources cannot be overstated. Among the wide variety of 
medicinal plants, the leaves of Avocado (Persea	americana) and 
Turmeric (Curcuma	 longa) are particularly notable for their 
therapeutic potential. These plants have a rich history in 
ethnomedicine and are widely used to manage diseases such as 
diabetes, cancer, and in�lammatory conditions [3].
The exploration of medicinal plants has signi�icantly in�luenced 
drug development. Natural products derived from plants, such 
as morphine, quinine, and artemisinin, have formed the basis of 
modern pharmaceuticals [4]. These discoveries highlight the 
importance of phytochemical studies in identifying novel 
therapeutic agents. Medicinal plants remain an important 
source of therapeutic compounds worldwide. 
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Their ethnomedicinal applications are often linked to bioactive 
phytochemicals such as �lavonoids, alkaloids, phenolics, 
terpenes, and glycosides, which exhibit diverse biological 
activities including antioxidant ,  antimicrobial,  anti-
in�lammatory, and anticancer effects [5, 6, 7].
Avocado (Persea	 americana) is a member of the Lauraceae 
family and is widely cultivated in tropical and subtropical 
regions. While its fruit is known for nutritional and medicinal 
bene�its, the leaves have also been reported to contain bioactive 
compounds such as �lavonoids, saponins, and tannins with 
antihypertensive, antioxidant, and antimicrobial properties [8, 
9, 10, 11]. However, chemical pro�iling of avocado leaves 
remains limited compared to the extensively studied fruits.
Turmeric (Curcuma	 longa), belonging to the Zingiberaceae 
family, is traditionally used for culinary and medicinal purposes. 
Its rhizome has been extensively studied and is known for 
curcumin and other curcuminoids with potent antioxidant, anti-
in�lammatory, and anticancer properties [12, 13, 14].
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2.4	Extract	Concentration
200ml of the extracted samples were transferred into 250ml 
beakers and was then concentrated using a water bath at a 

otemperature of 80 C to disintegrate the �iltrate to obtain the 
crude extract of the plant extracts.

2.5	GC-MS	Analysis	of	the	Plant	Extract
GC-MS analysis was carried out on GCMS-QP2010 PLUS 
SHIMADZU. The column used was Perkin Elmer Elite - 5 
capillary column measuring 30m × 0.25mm with a �ilm 
thickness of 0.25mm composed of 95% Dimethyl polysiloxane. 
The carrier gas used was Helium at a �low rate of 0.5ml / min. 1μl 
sample injection volume was utilized. The inlet temperature 
was maintained as 250 °C. The oven temperature was 
programmed initially at 80 °C for 4 min, thenincreased to 200 °C. 
And then programmed to increase to 280 °C at a rate of 20 °C 
ending with a 5 min. Total run time was 25 min. The MS transfer 
line was maintained at a temperature of 200°C. The source 
temperature was maintained at 180°C. GC-MS was analyzed 
using electron impact ionization at 70 eV and data was 
evaluated using total ion count (TIC) for compound 
identi�ication and quanti�ication. The spectrums of the 
components were compared with the database of spectrum of 
known components stored in the GC-MS library [17, 18, 19, 20].

3.0	Results
3.1 Bioactive	 compounds	 Identi�ied	 in	 Persea	 americana	
Leaves	Extract	by	GC-MS
A total of thirteen (13) peaks were identi�ied from the GC-MS 
analysis of theethanolic fraction of Persea	 americana leaves 
extract, indicating the presence of 13 bioactive compounds. The 
chromatogram is presented in Fig.1, while the bioactive 
compounds with their retention time (RT), peak areas (%), peak 
height (%), molecular weight (MW) and molecular formula 
(MF) are presented in Table 1. The compounds were 
Benzenemethanamine (28.41) followed by Benzenamine, N, N-
diphenyl- (24.33), Benzaldehyde (19.76), N-Benzyl-N-(3-
phenylprop-2-en-1-yl)-tosylamide (5.62), N-Benzylformamide 
(4.88), Pyrazole-5-carbonitrile (3.52), 10-Undecena (3.35), 
Benzyl chloride (2.93), n-Hexadecanoic acid (2.23), Benzamide 
(1.51), N-Benzylbenzamide (1.42), Cinnamaldehyde (1.22) and 
1-Pyrrolidinecarboxylic acid (0.84).Medicinal Properties and 
Therapeuticuses of phytocomponents identi�ied in the 
ethanolic extract of P.	americana	is presented in Table 2.

In contrast, the leaves are less explored, though they have been 
reported to contain essential oils, phenolics, and terpenes with 
antimicrobial and antioxidant potential [15].
Despite the wide utilization of avocado and turmeric in folk 
medicine, limited scienti�ic data exist on the comprehensive 
phytochemical pro�iling of their leaves, particularly using 
advanced analytical techniques such as GC-MS. Gas 
Chromatography-Mass Spectrometry (GC-MS) has emerged as a 
powerful analytical tool for chemical pro�iling due to its 
sensitivity, reliability, and ef�iciency in identifying volatile and 
semi-volati le  compounds.  The use of  GC-MS in the 
phytochemical investigation of plant leaves provides detailed 
insights into their chemical composition, which is essential for 
understanding their pharmacological properties. The leaves of 
these plants have been traditionally used in various medicinal 
preparations, yet their chemical constituents remain 
underexplored.
This study, therefore, aimed to conduct a comprehensive 
phytochemical pro�iling of Persea	americana and Curcuma	longa 
leaves using GC-MS, in order to identify bioactive compounds 
with potential pharmacological value.

2.0	Materials	and	Methods
2.1	Collection	of	Plant	Sample
Fresh leaves of Avocado (Persea	Americana), Tumeric (Curcuma	
longa)were collected in different locations within Akwa Ibom 
State, Nigeria. The date of Collection was between 20 - 24th 
October, 2024. The plant samples were transported to Akwa 
Ibom State University, Obio Akpa Campus, Oruk Anam Local 
Government Area. The identi�ication and authentication of the 
plant's material was done at the Herbarium in the Department 
of Botany, University of Uyo.

2.2	Preparation	of	Plant	Material
After the identi�ication, the leaves were washed and sun-dried. 
The leaves were shredded and spread on cellophaneand 
allowed to dry for 72 hours under room temperature. The dried 
leaves were pulverized (grinded) into � ine powder 
usingawooden pestle and mortar.

2.3	 Preparation	 of	 Ethanolic	 Extract	 (Maceration	 and	
Extraction)	of	Plant	Samples
Cold extraction method (Maceration) was used in this research 
according to [16]. In the extraction procedure, 1000ml of 99% 
concentrated ethanol was used to macerate 240g of the plant 
materials in an airtight container and kept in the laboratory 
under room temperature for 72 hours (3 days). In the due date of 
�iltration, the mixtures were �iltered with a Muslin cloth to 
acquire the �iltrates. The �iltrates were further extracted using 
funnels, Watman �ilter paper,aconical �lask and vacuum pump. 
The extracts were stored in 250ml conical �lasks. The conical 
�lask was well labelled, the mouth of the conical �lask was 
covered with foil paper, and masking tape rapped around the 
mouth to ensure that it is tightly covered.

Figure	1:	GC-MS	analysis	of	Persea	americana	leaves	extract	of	Ethanolic	Extract:	the	
GC-MS	 chromatogram	 showed	 thirteen	 peaks,	 indicating	 the	 presence	 of	 thirteen	
compounds

https://www.actabotanica.org/
https://www.actabotanica.org/


Ubong	George	et	al.,	ACTA	Botanica	Plantae	(2026)

https://www.actabotanica.org/29.

3.2.	Bioactive	compounds	Identi�ied	in	Curcuma	longa	Leaves	Extract	by	GC-MS
The GC-MS analysis of the ethanolic extract of Curcuma	longa leaves revealed a total of 13 bioactive compounds, as evidence by a 
chromatogram displaying 13 distinct peaks (Fig. 2). The analysis provided detailed information on the retention time, percentage 
peak area, percentage peak height, molecular weight and molecular formular of the identi�ied compounds. The bioactive compounds 
identi�ied with respect to their percentage (% peak area) include; Benzenemethanamine (40.74), Benzenamine, N, N-diphenyl- 
(21.52), Benzaldehyde (11.83), Pyrazole-5-carbonitrile, 1,3-diphenyl (5.82), 3-Buten-2-one (3.24), N-Benzylformamide (3.02), 1-
Pyrrolidinecarboxylic acid (2.97), Benzenemethanamine, N,N-bis(phenylmethyl)- (2.82), N-Benzylbenzamide (2.13), n-
Hexadecanoic acid (1.74), (E)-13-Docosenoic acid (1.69), Benzyl chloride (1.28) and Benzamide (1.21) (Table 3).Major phyto-
compounds detected in C.	longa extract and their medicinal / therapeutic uses have been tabulated in (Table 4).

Table1:	Bioactive	compounds	Identi�ied	in	Persea	americana	Leaves	Extract	by	GC-MS

Table	2:	Medicinal	Properties/Therapeutic	Uses	of	Phytocomponents	Identi�ied	in	the	Ethanolic	extract	of	Persea	americana

Figure	2:	GC-MS	analysis	of	Curcuma	longa	leaves	extract	of	Ethanolic	Extract:	the	GC-MS	chromatogram	showed	thirteen	peaks,	indicating	the	presence	of	thirteen	compounds
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4.0	Discussion
Gas chromatography–mass spectrometry (GC–MS) remains a 
standard approach for pro�iling volatile and semi-volatile 
phytochemicals because it combines high separation power 
with reliable mass-based identi�ication [38]. In this study, 
GC–MS analysis of Persea	americana and Curcuma	longa leaves 
each revealed thirteen identi�iable compounds with differing 
relative abundances. Major peaks in P.	 americana included 
benzenemethanamine (28.41%), benzenamine (24.33%) and 
benzaldehyde (19.76%), while C.	 longa was dominated by 
benzenemethanamine (40.74%) and benzenamine (21.52%). 
These results broadly agree with other GC–MS investigations of 
tropical medicinal plants [39], though the number and identity 
of compounds often vary between studies because of 
differences in plant part, extraction solvent, and instrument 
parameters [40, 41].

4.1	Antioxidant	and	biochemical	relevance.
The chemical classes detected aromatic aldehydes (e.g., 
benzaldehyde, cinnamaldehyde), aromatic amines, pyrazole 
derivatives and common fatty acids are mechanistically 
consistent with antioxidant activity: many such small aromatics 
and phenolic derivatives can donate electrons or hydrogen 
atoms to neutralize free radicals and can chelate transition 
metals, thereby limiting radical propagation [42,43]. This 
chemical evidence supports the expectation of measurable free-
radical scavenging and reducing power in these extracts, and is 
consistent with our prior work showing strong DPPH, H₂O₂ 
scavenging, and metal-chelating activity in Dennettiatripetala 
extracts [44, 45].

Table	3:	Bioactive	compoundsidenti�ied	in	Curcuma	longa	Leaves	Extract	by	GC-MS

Table	4:	Medicinal	Properties/Therapeutic	Uses	of	Phytocomponents	Identi�ied	in	the	Ethanolic	Extractof	Curcuma	longa

4.2	Antimicrobial	and	antifungal	implications
Several identi�ied constituents have documented antimicrobial 
actions. Cinnamaldehyde and related cinnamyl derivatives 
(present here at lower abundance) disrupt microbial 
membranes and inhibit respiration, producing broad 
antibacterial and antifungal effects; benzaldehyde and certain 
fatty acids (e.g., n-hexadecanoic acid) have also been reported to 
exert antibacterial and antifungal activities in plant extracts 
[43,46]. Taken together, the phytochemical pro�ile strongly 
justi�ies targeted antimicrobial screening (MIC/MBC assays) 
against representative Gram-positive, Gram-negative, and 
fungal strains (for example, Staphylococcus	aureus,	Escherichia	
coli, and Candida	 albicans) and, if active, follow-up bioassay-
guided fractionation to link activity to speci�ic peaks.

4.3	 Anti-in�lammatory	 and	 other	 pharmacological	
considerations
Aromatic aldehydes and certain heterocyclic scaffolds 
(pyrazoles) are known to modulate in�lammatory signalling 
pathways (e.g., NF-κB, COX) in cell and animal models, offering a 
plausible biochemical basis for traditional anti-in�lammatory 
uses [12,33]. The co-occurrence of antioxidant and putative 
anti-in�lammatory molecules supports the hypothesis that 
these leaf extracts could attenuate oxidative stress–driven 
in�lammation, but con�irmation requires targeted cellular 
assays (e.g., cytokine pro�iling, COX inhibition).

4.4	Toxicological	concerns	and	data-validation	needs
A few identi�ications warrant caution: benzyl chloride and 
certain diphenylamine-type hits can be contaminants or 
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industrial artifacts and have known toxicological concerns if 
present at appreciable levels. Similarly, assignments such as 
long-chain mono-unsaturated fatty acids (e.g., (E)-13-
docosenoic acid), if con�irmed, bear regulatory/toxicological 
relevance. The presenceof these compounds was con�irmed 
inlaboratory bioassay studies involving these plants with 
Clarias	 gariepinus �ingerlings at varying concentrations with 
evidence of histopathological alterations and mortality [47, 48]. 
Similarly, toxicological studies involving plants extracts have 
been reported in previous studies [49, 50,51, 52,53, 54, 55, 56; 
57, 58] which con�irms the need for toxicological evaluation of 
p l a n t e x t r a c t s d e s p i t e  i t s  p r o m i s i n g  p o t e n t i a l s  i n 
thepharmaceutical and nutraceuticals industry. However, 
GC–MS library matches are putative, these signals should be 
validated by analytical controls (solvent and procedural blanks), 
authentic standards, and MS/MS fragmentation to distinguish 
genuine plant metabolites from contaminants or co-eluting 
isomers [18, 19].

4.5	 Methodological	 limitations	 and	 recommendations
GC–MS preferentially detects volatile and semi-volatile 
compounds and may under-represent larger, non-volatile 
polyphenols  and curcuminoids unless  derivatized; 
complementary LC–MS/HPLC pro�i l ing is  therefore 
recommended to capture the full phenolic and curcuminoid 
complement of the leaves [46]. Analytically, con�irmatory steps 
should include running solvent/lab blanks, authentic standards 
for major peaks, and MS/MS con�irmation. Biologically, follow-
up should include standardized antioxidant assays, 
antimicrobial MIC determinations, anti-in�lammatory cellular 
assays, cytotoxicity/safety screening, and bioassay-guided 
fractionation to link speci�ic compounds to activity [39].

4.6	Conclusion
The comprehensive GC-MS analysis of the leaves of Persea	
americana and Curcuma	longa has revealed a diverse array of 
bioactive compounds, each contributing to the plant's 
pharmacological pro�iles-antioxidant, antimicrobial/ 
antifungal, and anti-in�lammatory activities. Notably, 
compounds such as Benzenemethanamine and Benzenamine 
were consistently identi�ied across these species, albeit in 
varying concentrations. These �indings align with existing 
literature, underscoring the therapeutic potential of these 
plants. However, before therapeutic claims can be advanced, 
analytical con�irmation and targeted pharmacological and 
toxicological evaluations are essential.

References
1. World Health Organization (2001). Promoting the Role of 

Traditional Medicine in Health Systems: A Strategy for the 
African Region. WHO Regional Of�ice for Africa, Temporary 
location, Harare, Zimbabwe. (Document AFR/RC50/9 and 
Resolution AFR/ RC50/R3).

2. World Health Organization (2002) WHO Traditional 
M e d i c i n e  S t r a t e g y  2 0 0 2 - 2 0 0 5 .  W H O ,  G e n e v a , 
WHO/EDM/TRM/2002.

3. Moghadamtousi, S. Z., Rouhollahi, E., Karimian, H., 
Fadaeinasab, M., Firoozinia, M. and Abdulla, M. A. (2015). The 
chemo-potential effect of Annona	 muricata leaves against 
azoxymethane-induced colonic aberrant crypt foci in rats 
and the apoptotic effect of acetogeninannomuricin E in HT-29 
cells: a bioassay-guided approach. PLoS	One; 10:1–28.

4. Newman, D. J. and Cragg, G. M. (2020). Natural Products as 
Sources of New Drugs over the Nearly Four Decades from 
01/1981 to 09/2019. Journal	of	Natural	Products; 83:770-
803.

5. Krishnaiah, D., Sarbatly, R. and Nithyanandam, R. (2011). A 
review of the antioxidant potential of medicinal plant species. 
Food	and	Bioproducts	Processing,	89(3): 217–233.

6. George, U. U., Andy, J. A. and Joseph, A. (2014). Biochemical 
and Phyto–Chemical Characteristics of Rubber Latex (Hevea	
brasiliensis) Obtained from a Tropical Environment in 
Nigeria. International	 Journal	 of	 Scienti�ic	 &	 Technology	
Research,	3(8):377 – 380.

7. Kasote, D. M., Katyare, S. S., Hegde, M. V. and Bae, H. (2015). 
Signi�icance of antioxidant potential of plants and its 
relevance to therapeutic applications. International	 Journal	
of	Biological	Sciences,	11(8), 982–991.

8. Adeyemi, T. O., Akindele, A. J., and Yemitan, O. K. (2008). 
Antihypertensive and antioxidant activities of aqueous 
extract of Persea	 americana leaves. Fitoterapia,	 73(7–8): 
612–618.

9. Owolabi, M. A., Jaja, S. I., & Coker, H. A. B. (2010). Vasorelaxant 
action of aqueous extract of the leaves of Persea	americana on 
isolated thoracic rat aorta. Fitoterapia,	81(6):693–696.

10. Yasir, M., Das, S. and Kharya, M. D. (2010). The Phytochemical 
and Pharmacological Pro�ile of Persea	 americana Mill. 
Pharmacognosy	Reviews; 4(7):77-84.

11. Putri, E. P., Hamzah, K. B. and Rahman, N. (2013). Qualitative 
analysis of bioactive substance in avocado (Persea	americana 
Mill.) leaf extract and preclinical testing in lowering blood 
glucose level in mice (Mus musculus)]. J.	Akad.	Kim., 2: 119-
127.

12. Aggarwal, B. B., Sundaram, C., Malani, N., & Ichikawa, H. 
(2007). Curcumin: The Indian solid gold. Advances	 in	
Experimental	Medicine	and	Biology,	595: 1–75.

13. Prasad, S., and Aggarwal, B. B. (2011). Turmeric, the golden 
spice: from traditional medicine to modern medicine. In B. B. 
Aggarwal, A. B. Kunnumakkara, and S. C. Gupta (Eds.), Herbal	
Medicine:	 Biomolecular	 and	 Clinical	 Aspects (2nd ed.). CRC 
Press.

14. Thangavel, K. and Dhivya, K. (2019). Determination of 
curcumin, starch and moisture content in turmeric by Fourier 
transform near infrared spectroscopy (FT-NIR). Eng	 Agric	
Environ	Food. 12:264–9. 

15. Nisar, T., Iqbal, M., Raza, A., Safdar, M., Iftikhar, F. and Waheed, 
M. (2015). Turmeric: A promising spice for phytochemical 
and pharmacological activities. International	Journal	of	Food	
Properties,	18(6):1190–1201.

16. Hidayat, R. and Wulandari, P. (2021). Methods of Extraction: 
Maceration, percolation and Decoction. Eureka	 Herba	
Indonesia; 2(1):68-74.

17. Abirami, P. and Rajendran, A. (2011 a). GC-MS determination 
of bioactive compounds of Indigofera aspalathoides. J.	Nat	
Prod	Plant	Resour.;1(4):126–130.

18. Abirami, P., and Rajendran, A. (2011 b). GC–MS analysis of 
bioactive constituents of Albizia	 lebbeck (L.) Benth. Asian	
Journal	of	Plant	Science	and	Research,	1(4):44–48.

19. Karimi, E. and Jaafar, H. Z. E. (2011). HPLC and GC-MS 
determination of bioactive compounds in microwave 
obtained extracts of three varieties of Labisia	pumilabenth. 
Molecules;16: 67-71.

20. Ezhilan, B. P. and Neelamegam, R. (2012). GC-MS analysis of 
phytocomponents in the ethanol extract of Polygonum	
Chinense. Pharmacogn	Res.; 4(1):11–14.

21. Neto, L. J., Ramos, A. G., Freitas, T. S., Barbosa, C. R., Junior, D. L., 
Siyadatpanah, A., Nejat, M., Wilairatana, P., Coutinho, H. D. and 
Cunha, F. A. (2021). Evaluation of Benzaldehyde as Antibiotic 
Modulator and Its Toxic Effects against Drosophila	
melanogaster. Molecules; 26(18):1-14.

22. Ullah, I., Khan, A. L., Ali, L., Khan, A. R., Waqas, M., Hussain, J., 
Lee, I. and Shin, J. (2015). Benzaldehyde as an insecticidal, 
Antimicrobial and Antioxidant compound produced by 
photorhabdus  temperate  M1021.  The	 Journal 	 o f	
Microbiology; 53:127-133. 

https://www.actabotanica.org/
https://www.actabotanica.org/


Ubong	George	et	al.,	ACTA	Botanica	Plantae	(2026)

https://www.actabotanica.org/32.

40. Pinak, P. N. C. and Sudip, C. (2022). GC-MS pro�iling and 
bioactivity prediction of compounds from Momordica	
charantia L. extract. Bioinformation; 18(10): 1009 -1015.

41. G o w r i ,  S .  S .  ( 2 0 2 0 ) .  G C - M S  A n a l y s i s  o f 
MajideazanquebaricaKrikex Oliv. (Sapindaceae) seed extract. 
Journal	of	Pharmacological	Science	&	Resources; 12(5):619-
623.

42. Antolovich, M., Prenzler, P. D., Patsalides, E., McDonald, S., & 
Robards, K. (2002). Methods for testing antioxidant activity. 
The	Analyst,	127(1): 183–198. 

43. Deep, J. B., Muhammad, A. A., Saumya, P., Mitchell, L., Amrita, 
B., Okram, A. D., Mridula, S. B., Chun, G. L. and Konstantinos, P. 
(2019). The Odyssey of Bioactive Compounds in Avocado 
(Persea americana) and Their Health Bene�its. Antioxidants; 
8(426):1-53.

44. Akpakpan, E. I., Onyeike, E. N., and Ogunka-Nnoka, C. U. 
(2019a). Phytochemical Composition and Nutritive Value of 
Unripe and Ripe Dennettiatripetala (DT) Fruits. Asian	Food	
Sci.	J., 9(4):1-11.

45. Akpakpan, E. I., Onyeike, E. N., and Ogunka-Nnoka, C. U. 
(2019b). In	vitro	antioxidant	potentials	of	ethanol	extract	of	
unripe	 and	 ripe	 Dennettiatripetala	 fruits.Journal	 of	
Complementary	and	Alternative	Medical	Research, 7(2):1–8. 

46. Subramanian, A., Samuel, T., Selvaraj, D., Shameem, R. and 
Grace, M. (2019). GC-MS analysis of bioactive compounds of 
Curcuma longa Linnaeus (Zingiberaceae) rhizome extract. 
Journal	of	Pharmacognosy	and	Phytochemistry; 8(6):49-52.

47. George, U. U., Abiaobo, N. O., Ajayi, O. O., Eteng, A. O. and 
Abasubong, K. (2025a). Behavioral and Histopathological 
Responses of African Cat�ish (Clarias	gariepinus) to Turmeric 
(Curcuma longa) Leaf Extract: Risks for Aquaculture and 
Food Safety.	 Asian	 Journal	 of	 Research	 in	 Biochemistry; 
15(5):132-147.

48. George, U. U., Udoeyop, F. A., Abiaobo, N. O. and Eteng, A. O. 
(2025b). Impact of Annona muricata Ethanolic Leaves 
Extract on Behavioural Responses and Histopathology of the 
Gills and Liver of African Cat�ish (Claria	gariepinus, Burchell 
1822) Fingerlings. International	 Journal	 of	 Biochemistry	
Research	and	Review; 34(5):199-214.

49. George, U. U., Abiaobo, N. O., Eteng, A. O., Ajayi, O. O. and 
Abasubong, K. (2025c). Toxicological and Histopathological 
Effects of Psidium	 guajava	Leaf Extract on African Cat�ish 
(Clarias	 gariepinus): Implications for Aquaculture. Asian	
Journal	of	Fisheries	and	Aquatic	Research; 27(10):12-25.

50. George, U. U., Udoeyop, F. A., Eteng, A. O., Ajayi, O. O. and 
Ef�iong, E. G. (2025d). Toxicological and Food Safety 
Implications of Ethanolic Extract of Avocado (Persea 
americana) Leaves on the Liver and Gills of Clarias	gariepinus 
(Burchell, 1822) Fingerlings. Uttar	 Pradesh	 Journal	 of	
Zoology; 46(19):109-124.

51.        George, U. U., Essien-Ibok, M. A. Ajayi, O. O., Abiaobo, N. O. and 
Mbong, E. O. (2024a). Investigating the Toxicity and 
Histopatho-Morphological Alterations Induced by Cana	
indica Extract on Clarias	 gariepinus Fingerlings. Annals	 of	
Ecology	and	Environmental	Science; 6(1): 46-57.

52.         George, U. U., Ajayi, O. O., Essien-Ibok, M. A., Abiaobo, N. O. and 
Mbong, E. O. (2024b). Assessment of the Toxicity and 
Histopathological Effects of Launaeataraxocifolia Extract on 
Fingerlings of Clarias	gariepinus. Mathews	Journal	of	Cytology	
and	Histology; 8(1):1-10.

53.        George, U. U., Ajayi, O. O., George, I. E. and Vincent, U. E. (2023 
a). Establishing a Dose-Response Toxicity for Clarias	
gariepinus Fingerlings Exposed to Ethanolic Extract of 
Latana	 camara. Asia	 Journal	 of	 Fisheries	 and	 Aquatic	
Research; 24(1):1-10.

54.      George, U. U., Mbong, E. O., Abiaobo, N. O. and Akpan, I. I. 
(2023b). In	Vivo Studies on Mortality and Histopathological 
Indices of Phragmenthera	 capitata (Mistletoes) on Clarias	
gariepinus Fingerlings in Aquarium. Mathews	 Journal	 of	
Cytology	and	Histology; 7(2):1-10. 

23. Seper, K. W. (2001). Chlorotoluene, Benzyl Chloride, Benzal 
Chlor ide  and Benzotr ichlor ide .  In :  Kirk-Othmer 
Encyclopedia of Chemical Technology. John Wiley and Sons, 
Inc.

24. Sirin, S., Duyar, H., Aslim, B. and Seferoglu, Z. (2021). Synthesis 
and Biological Activity of Pyrrolidine/Piperidine Substituted 
3-amido-9-ethylcarbazole derivatives. Journal	 of	 Molecular	
Structure; 1242:130687.

25. Rahman, A., Alam, M. Z., Jahan, A., Syed, S. and Khan, S. A. 
(2025). A review on Recent Progress in Synthesis and 
Biological Activities of Spiro-pyrrolidine and its Derivatives.	
Journal	of	Molecular	Structure; 1330:141377.

26. Asif, M. (2016). Pharmacological Potential of Benzamide 
Analogues and their uses in Medicinal Chemistry.	 Modern	
Chemistry	and Applications; 4(4):1-10.

27. Bai, S., Zhang, M., Li, M., Wan, S., Tang, S. Wei, X., Feng, S. and 
Wu, R. (2025). Antibacterial activity and Mechnism of Action 
of New Benzylamine-Containing Coumarin Derivatives. 
Russian	journal	of	General	Chemistry; 94(12):3436-3447.

28. Ali-Gh�il, Z. A., Aboalhur, F. J., Mshachal, M. A. and Alobaidi, A. 
A. (2025). Antioxidant, Antifungal Activities of n-
Hexadecanoic Acid Extracted from Algae. South	 Asian	
Research	Journal	of	Pharmaceutical	Sciences., 7(4):125-127.

29. Purushothaman, R., Vishnuram, G. and Ramanathan, T. 
(2025). Anti-in�lammatory Ef�icacy of n-Hexadecanoic Acid 
from a Mangrove Plant Excoecariaagallocha (L.) Through in 
Silico, in Vitro and in Vivo. Pharmacological	Research-Natural	
Products., 7:100203.

30. Zhu, H., Li, W., Shuai, W., Liu, Y., Yang, L., Tan, Y., Zheng, T., Yao, H. 
Xu, J., Zhu, Z., Yang, D., Chen, Z. and Xu, S. (2021). Discovery of 
Novel N- Benzylbenzamide Derivatives as Tubulin 
Polymerization Inhibitors with Potent Antitumor Activities. 
European	Journal	of	Medicinal	Chemistry; 216:113316.

31. Zhiqin, J. I., Shaopeng, W. E. I. and Huixia, Z. (2021). Use of N-
BenzylBenzamide Compound as Herbicide. WO/179553.

32. Prasad, A. V. G and Rao, P. V. (2013). Synthesis and Biological 
Activity of Some New Schiff Bases of Para Chloro Aniline. 
International	Journal	of	Innovative	Research	&	Development; 
2(10):126-129.

33. Karrouchi, K., Radi, S., Ramli, Y., Taou�ik, J., Mabkhot, Y. N., Al-
Aizari,  F.  A. ,  and Ansar, M. (2018). Synthesis and 
pharmacological activities of pyrazole derivatives: A review. 
Molecules,	23(1):1-86.

 https://doi.org/10.3390/molecules23010134
34. Neoh, T. L., Tanimoto, T., Ikefuji, S., Yoshii, H. and Furuta, T. 

(2008). Improvement of Antifungal Activity of of 10-
Undecyn-1-ol by inclusion Complexation with Cyclodextrin 
Derivatives. Journal	 of	 Agriculture	 and	 Food	 Chemistry., 
56:8355-8362. 

35. Ekiert, H. M. and Szopa, A. (2020). Biological Activities of 
Natural Products. Molecules., 25(23):1-7.

36. Jimenez, B. A., Awwad, F. and Desgagne-Penix, I. (2024). 
Cinnamaldehyde in Focus: Antimicrobial Properties, 
Biosynthetic Pathway, and industrial Applications. 
Antibiotics., 13(11): 1-14. 

37. Han, R., Li, X., Gao, X. and Lv, G. (2024). Cinnamaldehyde: 
Pharmacokinetics, anticancer Properties and therapeutic 
Potential (Review). Molecular	Medicine	Reports., 30(3):163.

38. G rove r,  N .  a n d  Pa t n i ,  V.  ( 2 0 1 3 ) .  P hy t o c h e m i c a l 
characterization using various solvent extracts and GC-MS 
analysis of methanolic extract of Woodfordiafruticosa (L.) 
Kurz. Leaves. Int.	J.	Phar.	&	Pharma.	Sci., 5(4):291-295.

39. George, U. U., Mbong, E. O., Bolarinwa K. A. and Abiaobo, N. O. 
(2023e). Ethno-botanical Veri�ication and Phytochemical 
Pro�ile of Ethanolic leaves Extract of Two Medicinal Plants 
(Phragmenthera	 capitata and Lantana	 camara) used in 
Nigeria using GC-MS Technique. Acta	Biology	Forum; 2(3):1-
7.

https://www.actabotanica.org/
https://www.actabotanica.org/


Ubong	George	et	al.,	ACTA	Botanica	Plantae	(2026)

https://www.actabotanica.org/33.

57.         Essien-Ibok, M. A., George, U. U., Abiaobo, N. O. and Mbong, E. O. 
(2024a) .  Evaluat ion of  the  Toxic  Potent ia ls  and 
Histopathological Variations in Clarias	gariepinus Fingerlings 
Exposed to Ethanolic Extract of Costusafer. Mathews	Journal	
of	Cytology	and	Histology; 8(1):1-12.

58. Essien-Ibok, M. A., George, U. U., Ajayi, O. O. and Okokon, P. 
(2024b). Investigating the Impact of Senna	alata Extract on 
Hematology and Histopathology of Juvenile of Clarias	
gariepinus. Asian	 Journal	 of	 Environment	 and	 Ecology; 
23(8):74-85.

55. George, U. U., Otoh, A. J., Ajayi, O. O and George, I. E. (2023c). 
Studies on mortality and Histopathological Alteration on the 
Gills of Oreochromis	niloticus Juveniles Following Exposure to 
Ethanolic Extract of Phramenthera	 capitata  Under 
Laboratory Conditions. Asian	Journal	of	Fisheries	and	Aquatic	
Research, 24(3):23-34.

56.       George, U. U., Otoh, A. J., Ajayi, O. O and George, I. E. (2023d). 
Dose-Response Relationship and Histo-Morphological 
Alterations on Oreochromis	 niloticus Juveniles following 
Exposure to Ethanolic Extract of Latana	camara.Asian	Journal	
of	Research	in	Zoology;6(4):71-83.

https://www.actabotanica.org/
https://www.actabotanica.org/

	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

