
Egbejimi et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 11, Issue 4, 2024.         │          ISO 9001:2015 Certified Journal        │ 

 

 

244 

 

 

 

PROXIMATE ANALYSES AND GAS CHROMATOGRAPHY – MASS SPECTROMETRY 

IDENTIFICATION OF BIOACTIVE CONSTITUENTS OF THE HYDRO-METHANOLIC 

SEED EXTRACT OF AZANZA GARCKEANA 
 

 

M. A. Egbejimi
1
*, S. O. Ojeka

2
 and D. V. Dapper

2
 

 
1
Department of Human Physiology, Faculty of Basic Medical Sciences, Niger Delta University, PMB 071, Wilberforce 

Island, Bayelsa State, Nigeria. 
2
Department of Human Physiology, Faculty of Basic Medical Sciences, College of Health Sciences, University of Port-

Harcourt, PMB 5323, Nigeria. 

 

 

 

 

 
Article Received on 21/01/2024                                Article Revised on 11/02/2024                                Article Accepted on 02/03/2024 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. INTRODUCTION 

With a broad range of structural diversity and intrinsic 

biological activity, natural products are essential to the 

drug discovery process (Newman and Cragg, 2012; 

Chupakhin et al., 2019). This has been a major rationale 

for the widespread reliance on herbal or other natural 

products to meet the therapeutic needs of different 

populations (Fowler, 2006; Pan et al., 2013). 

Furthermore, arising from poor economic conditions and 

scarcity of orthodox medications, the presence of 

abundant bioactive components in numerous herbs has 

endeared them to be choice medicaments to different 

populations (Ekor et al., 2014; Khodadadi, 2015). This 

has elicited widespread scientific enquiry on their 

therapeutic utility. 

 

Some of these herbs include Moringa oleifera, Justicia 

secunda, Citrus lanatus, Azanza garckeana, amongst 

many others (Ayoka et al., 2008; Ojeka et al., 2018). 

Considering the wide application of Azanza garckeana 

both as food and in ethnomedicinal applications in 

tropical Africa (Maroyi 2017), a proper profiling of the 

plant will be of immense benefits and stimulate in depth 

investigation. Azanza garckeana is a member of the 

Malvaceae family (Sulieman, 2019); the generic name 

“Azanza” is derived from the word “Azania”, a persian 

word meaning black and surviving in Zanzibar. The 
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ABSTRACT 

Fresh fruits of Azanza garckeana harvested from Tula in Kaltungo LGA, Gombe State, Nigeria were obtained and 

subjected to the crude maceration extraction using the combination of water and methanol (20:80 v/v) to constitute 

the solvent for the extraction. The protocol of the Association of Official Analytical Chemists (AOAC) was 

adopted for the proximate analysis of the plant sample.The standard procedure for identification of bioactive 

constituents using the GCMS was carefully used. The result of the proximate analysis revealed that the levels of 

moisture content, ash content, total fatty acid (TFA), crude fibre (CF), nitrogen, crude protein (CP) and 

carbohydrate in percentages (%) were found to be 5.53 ±0.03, 1.31 ± 0.00, 6.86 ± 0.01, 1.06 ± 0.00, 2.65 ± 0.00, 

16.59 ±0.06 and 65.72 ±0.34 respectively. The GCMS identified bioactive constituents of the extract were up to 

24 including 2-Furancarboxaldehyde (or furan-2-carbaldehyde); 1-Hexene; Furfural; Pentadecanoic acid; 2,5-

Furandicarboxaldehyde; Benzoic acid; 4-Methylpyridazine; 2H-Pyran-2-one (or pyran-2-one; 3-Methyl-4-nitro-5-

(1-pyrazolyl)pyrazole; 1-Pentyne; 2-Propanol; 2H-Oxireno[3,4]cyclopenta[1,2-c]furan-2-one; 2(1H)-Pyridinone 

(or 1H-pyridin-2-one); Propanoic acid; Butanedioic acid (or Succinic acid); 1-Methylcyclopropene; 

Heptadecanoic acid; 1-Oxetan-2-one; Isonicotinic acid N-oxide; Benzoyl chloride; Oleanitrile; 2-Hexene; 2-

Butenoyl chloride (Crotonyl chloride) and 2,4-Hexadiyne-1,6-diol. There were various beneficial biological 

properties attributed to the different constituents. In conclusion, present study has revealed that proper profiling of 

medicinal plant using advance and sensitive analytical technique like the GCMS can helpful in more precisely 

predicting the therapeutic value of such plant, as with the case of the investigated hydro-methanolic seed extract of 

azanza garckeana. Hydromethanolic extract was potentially better at identifying the various chemical constituents 

0f the seed of Azanza garckeana. 
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specific name “garckeana” is in honour of a German 

botanist and plant collector, August Garcke (1819-1904) 

(Maroyi, 2017). 

 

A lot has been said and done on the pulp of the Azanza 

garckeana plant (Jacob et al., 2016; Hlabano et al., 2020; 

Laz-Okenwa et al., 2023), but the ethnopharmacological 

value of the seed extract of the plant are still unclear; as 

much of the information is empirical based and lacking 

scientific validation (Mojeremane and Tshwenyane, 

2004; Yusuf et al., 2020).  

 

In view of the foregoing, the present study attempted an 

evaluation of the proximate constituents and 

identification of bioactive compounds in the hydro-

methanolic seed extract of Azanza garckeana using gas 

chromatography-mass spectrometric (GC-MS) 

technique.  

 

2. MATERIALS AND METHODS 

All reagents (methanol and others as required by the 

respective analyses) used in the present study were 

analytical grade and obtained from authorized dealers. 

 

2.1 Plant Collection and Preparation of extract 

Fresh fruits of Azanza garckeana cultivated and 

harvested from Tula in Kaltungo LGA, Gombe state, 

Nigeria were obtained. Voucher sample of the plant was 

deposited at the University of Port Harcourt Herbarium 

(domiciled in the Department of Pharmacognosy and 

Phytotherapy of the Faculty of Pharmacy) where it was 

identified by Dr M. Suleiman and authenticated and 

herbarium number issued―UPHM0596.  

 

The pulps (Sticky bark) of the fruits of the Azanza 

garckeana plant were removed and the seeds air-dried 

for two weeks and pulverized into fine powder using a 

motorized blender. The powdered sample obtained was 

then soaked in hydro-methanol solvent (water: methanol, 

20:80 v/v). The mixture was periodically stirred to 

ensure a uniform mixture. After 72hours of formulating 

the mixture, it was filtered with Whatman filter paper 

and then concentrated using a rotary evaporator followed 

by water bath at 50
o
C. The recovered gelatinous-like 

extract was then refrigerated at about 4
o
C before use.  

 

2.2 Proximate analysis 

The protocol of Association of Official Analytical 

Chemists AOAC (1990) was adopted for the proximate 

analysis of the plant sample. The procedures for the 

determination of moisture content, ash content, total fatty 

acid (TFA), crude fibre (CF), crude protein (CP) and 

carbohydrate as reported by Sirajo et al., (2022) were 

carefully followed. Meanwhile, The Kjeldahl method 

was used to determine the nitrogen content of the plant 

sample (Rhee ,2001). Here, Copper sulphate (CuSO4) 

and Titanium oxide (TiO2) were used as catalysts to 

digest the sample in sulfuric acid, turning N into NH3, 

which was then distilled and titrated. 

 

2.3 Gas Chromatography – Mass Spectrometry (GC-

MS) Analysis Protocol 

The procedure adopted for the GC-MS analysis of the 

hydro-methanolic seed extract of Azanza garckeana for 

the present study was as earlier described by Laz-

Okenwa et al., (2024). The gas chromatography (GC) 

portion (Agilent technologies, United States of America, 

Model number 7890(B) was coupled to a mass 

spectrometer (MS) (Agilent technologies, United States 

of America, Model number 5975(B).  

 

As was previously reported by Bekinbo et al., (2020), the 

National Institute of Standards and Technology (NIST) 

database, with more than 60,000 patterns, was used to 

analyse the GC-MS outcome of the present study. The 

obtained spectrum of the unknown constituent was 

compared to the NIST library of known component 

spectrums. Further, the names of the compounds, 

molecular weights, and molecular formulas of all the 

identified constituents of the study sample were 

presented.  

 

3. RESULTS 

Table 1: Comparison of Proximate analysis of the Hydro-methanolic Seed Extract of Azanza garckeana with 

those of earlier reports.   

Nutrients (%) 

Hydro-methanolic Seed 

Extract of Azanza 

garckeana (%) 

(Result of present study) 

Composition of the Seed 

of Azanza garckeana (%) 

(Result as presented by 

Sirajo et al., 2022) 

Composition of the Seed 

of Azanza garckeana (%) 

(Result as presented by 

Williams et al.,2020) 

Moisture Content 5.53 ±0.03 6.66 ± 1.66 10.23 ± 0.00 

Ash Content 1.31 ± 0.00 5.10 ± 1.33 4.50 ± 0.01 

Total Fatty Acid (TFA) 6.86 ± 0.01 6.60 ± 1.21 2.45 ± 0.01 

Crude Fibre (CF) 1.06 ± 0.00 29.00 ± 0.45 12.4 ± 0.02 

Nitrogen Content 2.65 ± 0.00 ― ― 

Crude Protein (CP) 16.59 ±0.06 4.85 ± 0.89 9.85 ± 0.01 

Carbohydrate 65.72 ±0.34 47.88 ± 1.70 60.57 ± 0.03 

Values are presented as mean ± standard error of the mean of 3 replicates (for the first column of the result on the 

above table). 
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Table 1 shows the proximate analysis of the hydro-

methanolic seed extract of Azanza garckeana  

The percentage moisture content, ash content, total fatty 

acid (TFA), crude fibre (CF), nitrogen content, crude 

protein (CP) and carbohydrate were found to be 5.53 

±0.03, 1.31 ± 0.00, 6.86 ± 0.01, 1.06 ± 0.00, 2.65 ± 0.00, 

16.59 ±0.06 and 65.72 ±0.34 respectively. 

 

Comparing these values to same indices of some earlier 

reports (Williams et al.,2020; Sirajo et al., 2022)on the 

study plaant, the outcome here is of better yield. 

 

 
Figure 1: Chromatogram from GC-MS screening of the Hydro-methanolic Seed Extract of Azanza garckeana. 

 

Table 2: Identified chemical compounds in the hydro-methanolic Seed extract of Azanza  garckeana.  

S/No Name of compound 
Retention time 

(RT) (Minutes) 

Molecular 

formula 

Molecular 

weight (g/mol) 

Peak 

Area (%) 

1 
2-Furancarboxaldehyde (or furan-2-

carbaldehyde) 
9.903 C5H4O2 96.08 22.08 

2 1-Hexene 9.320 C6H12 84.16 13.13 

3 Furfural 8.628 C4H3OCHO 96.08 12.27 

4 Pentadecanoic acid 16.757 C15H30O2 242.4 10.32 

5 2,5-Furandicarboxaldehyde 10.625 C6H4O3 124.09 5.88 

6 Benzoic acid 10.923 C7H6O2 122.12 5.43 

7 4-Methylpyridazine 10.125 C5H6N2 94.11 4.11 

8 2H-Pyran-2-one (or pyran-2-one) 9.120 C5H4O2 96.08 3.23 

9 
3-Methyl-4-nitro-5-(1-

pyrazolyl)pyrazole 
8.775 C7H7N5O2 193.16 2.19 

10 1-Pentyne 9.429 C5H8 68.12 2.06 

11 2-Propanol 11.303 C3H8O 60.1 1.93 

12 
2H-Oxireno[3,4]cyclopenta[1,2-

c]furan-2-one 
10.732 C10H14O5 214.21 1.87 

13 
2(1H)-Pyridinone (or 1H-pyridin-2-

one) 
9.471 C5H5NO 95.1 1.85 

14 Propanoic acid 10.246 C3H6O2 74.08 1.79 

15 Butanedioic acid (or Succinic acid) 10.326 C4H6O4 118.09 1.73 

 1-Methylcyclopropene 11.366 C4H6 54.09 1.44 

16 Heptadecanoic acid, 20.155 C17H34O2 270.5 1.34 

17 1-Oxetan-2-one 10.387 C5H6O2 98.1 1.34 

18 Isonicotinic acid N-oxide 11.798 C6H5NO3 139.11 1.22 

19 Benzoyl chloride 11.634 C7H5CIO 140.56 1.21 

20 Oleanitrile 19.247 C18H33N 263.5 1.04 

21 2-Hexene 10.475 C6H12 84.16 0.78 

22 
2-Butenoyl chloride (Crotonyl 

chloride) 
10.431 C4H5CIO 104.53 0.77 

23 2,4-Hexadiyne-1,6-diol 11.934 C6H6O2 110.11 0.15 

 

Table 2 shows the identified chemical compounds in the 

hydro-methanolic seed extract of Azanza garckeana. 

In a decreasing order of percentage abundance (peak area 

in percentage), the following active compounds were 
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identified by the current study the plant extract: 2-

Furancarboxaldehyde (or furan-2-carbaldehyde); 1-

Hexene; Furfural; Pentadecanoic acid; 2,5-

Furandicarboxaldehyde; Benzoic acid; 4-

Methylpyridazine; 2H-Pyran-2-one (or pyran-2-one; 3-

Methyl-4-nitro-5-(1-pyrazolyl)pyrazole; 1-Pentyne; 2-

Propanol; 2H-Oxireno[3,4]cyclopenta[1,2-c]furan-2-one; 

2(1H)-Pyridinone (or 1H-pyridin-2-one); Propanoic acid; 

Butanedioic acid (or Succinic acid); 1-

Methylcyclopropene; Heptadecanoic acid; 1-Oxetan-2-

one; Isonicotinic acid N-oxide; Benzoyl chloride; 

Oleanitrile; 2-Hexene; 2-Butenoyl chloride (Crotonyl 

chloride) and 2,4-Hexadiyne-1,6-diol. The percentage 

abundance of the aforementioned compounds ranged 

between 0.15% (for 2,4-Hexadiyne-1,6-diol―the lowest) 

and 22.08% (for 2-Furancarboxaldehyde― the highest). 

The retention time, molecular weight, molecular weight 

are as indicated on table 2 for each identified compound 

 

Table 3: Probable biologic properties of the identified compounds in the hydro- methanolic seed extract of 

Azanza garckeana. 

S/No Name of Compound Potential Biological Effects 

1 
2-Furancarboxaldehyde (or 

furan-2-carbaldehyde) 

Exhibits antibacterial and antifungal properties and is useful in 

pesticides, cosmetics, and pharmaceutical products (Rigal and Gaset, 

1983; Oskoueian et al., 2011). 

2 1-Hexene 
No clear cut biological activity recorded so far but identified to be a 

possible human metabolite (Chiappe et al., 1998; Onel et al., 2019) 

3 Furfural 

Used as a flavouring agent at trace levels in a range of food items and 

alcoholic and non-alcoholic beverages; Occurs naturally in food 

substances; However exposure of the skin, eyes, nose, and throat to 

raised levels/concentrated synthetic forms of furfural may result in 

irritations causing coughing and/or dyspnea (HSFS, 2000; Eseyin, 2015) 

and an appreciable number of chromosome aberrations (Mehta, 2015; 

Jilani and Olson, 2023). 

4 Pentadecanoic acid 

A vital odd-chain saturated fatty acid with a wide range of biological 

activities: immunological, hepatic, and cardiometabolic health boosting 

attributes (Venn-Watson and Butterworth 2022). It Known to stimulate 

adenosine monophosphate -activated protein kinase (AMPK) and 

promotes basal and insulin-stimulated glucose uptake in C2C12 myotubes 

(Fu et al., 2021). 

5 2,5-Furandicarboxaldehyde 

A bio-based crosslinking agent that takes the place of glutaraldehyde in 

the immobilisation of covalent enzymes (Millan et al., 2021; Danielli et 

al., 2022). 

6 Benzoic acid 
Enhances absorption and digestion processes in the gut of animal 

models: shows antibacterial and antifungal potentials (Mao et al., 2019). 

7 4-Methylpyridazine No clear cut biological activity recorded so far. 

8 
2H-Pyran-2-one (or pyran-

2-one) 

Numerous naturally occurring substances, many of which have 

intriguing pharmacological characteristics, contain the pyran-2-one 

motif (Parker et al., 1997; Almalki, 2023). 

Pyran is amongst the commonest structural components of natural 

products, like benzopyrans, coumarins, flavonoids, and xanthones. It has 

also shown some neuroprotective properties in mammalian models 

(Almalki, 2023). 

9 
3-Methyl-4-nitro-5-(1-

pyrazolyl)pyrazole 

Numerous biological activities, including anti-microbial, anti-fungal, 

anti-tubercular, anti-inflammatory, anti-convulsant, anticancer, antiviral, 

angiotensin converting enzyme (ACE) inhibitor, neuroprotective, 

cholecystokinin-1 receptor antagonistic, and estrogenic properties, have 

been documented for pyrazoles (Naim et al., 2016) 

10 1-Pentyne 

Known to be a portion of a compound (5-Bromo-1-pentyne (5BP)) that 

serves as a radical chain that make up an enzymatic antioxidant system; 

which catalyzes the breakdown hydrogen peroxide to water and oxygen 

(Biosynth, 2024). 

11 2-Propanol 

Known bioreagent in molecular biology and used to precipitate DNA 

and RNA from mammalian tissues (Bhat et al., 2015). As a typical 

ethanol, it is believed to exert inhibitory effect on excitatory 

neurotransmission and could potentiate or lengthen the duration of CNS 

conditions (Abramson and Singh, 2000; Punja, 2014). 

12 
2H-

Oxireno[3,4]cyclopenta[1,2-
No clear cut biological activity recorded so far. 
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c]furan-2-one 

13 
2(1H)-Pyridinone (or 1H-

pyridin-2-one) 

Possess numerous biological activities, including analgesic, antifungal, 

antimalarial, anti-inflammatory, antibacterial, anti-HIV, phytotoxic, 

antitumoral, and antiviral effects (Jacinto et al., 2009). 

14 
Propanoic acid (or 

propionic acid) 

Compound and derivatives are known to possess numerous biological 

activities, including antioxidant (Dracheva et al., 2009), antitumor, 

analgesic, antimicrobial (Avetisyan et al., 2010), and antidiabetic 

(Berzosa et al., 2011). 

15 
Butanedioic acid (or 

Succinic acid) 

Exists as the anion succinate in living organisms; it thus serves a variety 

of biological purposes. It is a metabolic intermediate that the enzyme 

succinate dehydrogenase transforms into fumarate in complex 2 of the 

electron transport chain, which is involved in the synthesis of ATP, and 

it is a signalling molecule (Ackrell et al., 2019). 

16 1-Methylcyclopropene No clear cut biological activity recorded so far. 

17 Heptadecanoic acid, 
Functions as a mammalian metabolite, a Daphnia magna metabolite and 

an algal metabolite (Jenkinsetal., 2015; Windisch and Fink, 2018) 

18 1-Oxetan-2-one No clear cut biological activity recorded so far. 

19 Isonicotinic acid N-oxide No clear cut biological activity recorded so far. 

20 Benzoyl chloride No clear cut biological activity recorded so far. 

21 Oleanitrile No clear cut biological activity recorded so far. 

22 2-Hexene No clear cut biological activity recorded so far. 

23 
2-Butenoyl chloride 

(Crotonyl chloride) 
No clear cut biological activity recorded so far. 

24 2,4-Hexadiyne-1,6-diol No clear cut biological activity recorded so far. 

 

Table 3 shows the probable biologic properties of the 

identified compounds in the hydro-methanolic seed 

extract of Azanza garckeana as reported by previous 

studies. These biological attributes vary for the different 

active constituents and include antibacterial, antifungal 

and antitumour properties, and immunological, hepatic, 

and cardiometabolic health boosting attributes, etc (Rigal 

and Gaset, 1983; Oskoueian et al., 2011; Venn-Watson 

and Butterworth 202).  

 

4. DISCUSSIONS 

New bioactive compounds have been discovered as a 

result of the advancement and increased sensitivity of 

contemporary analytical techniques for the identification 

and quantification of bioactive ingredients in natural 

products including plants/herbs. These techniques have 

also made it possible to gather a wealth of information 

about the therapeutic potential of medicinal plants 

(Momodu et al., 2022). A typical example of such 

technique is the GC-MS. Consequently, the present study 

evaluated the proximate and GCMS screening of the 

hydro-methanolic seed extract of azanza garckeana and 

made some findings which are presented here.  

 

Comparing the finding of the present study on proximate 

analysis to reports from previous studies by Williams et 

al., (2020) and Sirajo et al., (2022), the moisture, ash, 

and crude contents of the hydro-methanolic seed extract 

of Azanza garckeana investigated by the present study 

had lower levels. Whereas, the levels of total fatty acids, 

and carbohydrate were respectively higher in the present 

study with respect to the earlier stated studies. This 

variation may be due to the longer air-drying period and 

multiple blending of the seed to finer powder employed 

in this present study as against the shorter time of air-

drying and the use of pestle and mortar for pulverizing 

the seed of the plant by Sirajo et al., (2022). The reduced 

moisture level observed by the present study would less 

likelihood of bacterial growth in the extract, thus, 

ensuring longer shelf –life and use. The less fiber content 

also indicated availability of wider surface area for 

maximum extraction of the bioactive molecules. In 

addition, the higher level of total fatty acid and 

carbohydrate is an indication that the method of 

processing the extract better conserved the 

nutrients/active ingredients than recorded in the works of 

others. 

 

The GCMS identified bioactive constituents of the 

hydro-methanolic seed extract of azanza garckeana in 

the present study were much more abundant (up to 24) 

than some earlier report (by Momodu et al., 2022 with 

less than 20). The outcome of the present study is 

suggestive that the combination of water and methanol 

(20:80 v/v) to constitute the solvent for the extraction 

could be better at harvesting both that using either of 

polar or non-polar solvent only.  

 

Considering the outcome on the probable biologic 

properties of the identified compounds in the hydro-

methanolic seed extract of Azanza garckeana as 

previously reported by other scholars, some constituents 

(like 4-Methylpyridazine and 2H-Oxireno
[3,4]

 

cyclopenta[1,2-c]furan-2-one) are yet to be clearly 

explored for their actual biological effects. So, this 

finding has revealed the need for more studies on such 

constituents of the extract. 
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5. CONCLUSION 

 The present study has shown that proper profiling of a 

medicinal plant using advanced and sensitive analytical 

techniques like the GCMS can be helpful at precisely 

predicting the therapeutic value of such plant, as with the 

case of the investigated hydro-methanolic seed extract of 

Azanza garckeana. Our study also suggest that longer 

duration of air drying the seed of Azanza garckeana and 

multiple blending may result in reduced moisture, crude 

fibre and ash contents and increased nutrient value 

(carbohydrate and fatty acid) in the extract. Furthermore 

our study suggest that hydromethanolic extract of the 

seed of Azanza garckeana may produce much abundant 

polar and non-polar bioactive constituents of the extract 

than when used individually. 

 

6. REFERENCES  

1. Abramson S, Singh AK. Treatment of the alcohol 

intoxications: ethylene glycol, methanol and 

isopropanol. Current opinion in nephrology and 

hypertension, 2000; 1, 9(6): 695-701. 

2. Ackrell BA, Johnson MK, Gunsalus RP, Cecchini 

G. Structure and function of succinate 

dehydrogenase and fumarate reductase. InChemistry 

and biochemistry of flavoenzyme, 2019; 22: 229-

297. CRC Press.  

3. Almalki FA. An overview of structure-based activity 

outcomes of pyran derivatives against Alzheimer’s 

disease. Saudi Pharmaceutical Journal, 2023; 8. 

4. AOAC. Official Methods of analysis of the 

association of analytical chemist. Journal of 

Coatings Technology and Research. Virginia: 

Arlmgition, 1990; 6, 15: 65-72.  

5. Ayoka AO, Akomolafe RO, Akinsomisoye OS, 

UkponmwanOE. Medicinal and economic value of 

Spondias mombin. African Journal of Biomedical 

Research, 2008; 11(2). 

6. Bekinbo MT, Amah-Tariah FS, Dapper DV. 

Comparative GC-MS determination of bioactive 

constituents of the methanolic extracts of Curcuma 

longa rhizome and Spondias mombin leaves. Journal 

of Medicinal Plants Studies, 2020; 8: 1-6. 

7. Bhat HB, Ishitsuka R, Inaba T, Murate M, Abe M, 

Makino A, Kohyama‐Koganeya A, Nagao K, 

Kurahashi A, Kishimoto T, Tahara M. Evaluation of 

aegerolysins as novel tools to detect and visualize 

ceramide phosphoethanolamine, a major 

sphingolipid in invertebrates. The FASEB Journal, 

2015; 29(9): 3920-34. 

8. Biosynth, ®. 5-Bromo-1-pentyne. 2024. [Accessed 

online on February, 2024; 25. from: 

https://www.biosynth.com/p/FB19057/28077-72-7-

5-bromo-1-pentyne]. 

9. Chiappe C, De Rubertis A, Amato G, Gervasi PG. 

Stereochemistry of the biotransformation of 1-

hexene and 2-methyl-1-hexene with rat liver 

microsomes and purified P450s of rats and humans. 

Chemical research in toxicology, 1998; 21, 11(12): 

1487-1493. 

10. Chupakhin E, Babich O, Prosekov A, Asyakina L, 

Krasavin M. Spirocyclic motifs in natural products. 

Molecules, 2019; 17, 24(22): 4165-4169.  

11. Danielli C, van Langen L, Boes D, Asaro F, 

Anselmi S, Provenza F, Renzi M, Gardossi L. 2, 5-

Furandicarboxaldehyde as a bio-based crosslinking 

agent replacing glutaraldehyde for covalent enzyme 

immobilization. RSC advances, 2022; 12(55): 

35676-84. 

12. DK SS, Jain V. Challenges in formulating herbal 

cosmetics. International Journal of Applied 

Pharmaceutics, 2018; 7; 10(6): 47-53. 

13. Ekor M. The growing use of herbal medicines: 

issues relating to adverse reactions and challenges in 

monitoring safety. Frontiers in pharmacology, 2014; 

10, 4: 177. 

14. Eseyin AE, Steele PH. An overview of the 

applications of furfural and its derivatives, 2015. 

15. Fowler MW. Plants, medicines and man. Journal of 

the Science of Food and Agriculture, 2006; 86(12): 

1797-1804. 

16. Fu WC, Li HY, Li TT, Yang K, Chen JX, Wang SJ, 

Liu CH, Zhang W. Pentadecanoic acid promotes 

basal and insulin-stimulated glucose uptake in 

C2C12 myotubes. Food & nutrition research, 2021; 

65-69. 

17. Hlabano N, Nkiwane LC, Dzingai P, Gadlula S. 

Proximate analysis and evaluation of total phenolic 

compounds in Azanza garckeana fruit for use as 

gelatin crosslinking agent. Zimbabwe Journal of 

Science and Technology, 2020; 15(1): 157-166. 

18. HSFS [Harzous Substance Fact Sheet], 2000. 

Furfural: NEW Jersey Department of Health and 

Senior Services. (Accessed online on February 24, 

2024 from: 

https://nj.gov/health/eoh/rtkweb/documents/fs/0953.

pdf). 

19. Jacinto DA, Moreira VVM, Almeida BLC, Rathi 

AH, Donohoe TJ, Thompson AL. Synthesis and 

phytotoxic activity of new pyridones derived from 

4-hydroxy-6-methylpyridin-2 (1 H)-one. Molecules, 

2009; 1, 14(12): 4973-4986. 

20. Jacob C, Shehu Z, Danbature WL, Karu E. 

Proximate analysis of the fruit Azanza garckeana 

(“Goron Tula”). Bayero Journal of Pure and Applied 

Sciences, 2016; 9(2): 221-4. 

21. Jenkins B, West JA, Koulman A. A review of odd-

chain fatty acid metabolism and the role of 

pentadecanoic acid (C15: 0) and heptadecanoic acid 

(C17: 0) in health and disease. Molecule, 2015; 30, 

20(2): 2425-2444.  

22. Jilani SB, Olson DG. Mechanism of furfural toxicity 

and metabolic strategies to engineer tolerance in 

microbial strains. Microbial Cell Factories, 2023; 

28, 22(1): 221. 

23. Khodadadi S. Role of herbal medicine in boosting 

immune system. Immunopathologia Persa, 2015; 

1(1): e01. 

24. Laz-OkenwaJOA AT, Ojeka SO. Evaluation of the 

phytochemical/active ingredients composition of the 



Egbejimi et al.                                                                European Journal of Biomedical and Pharmaceutical Sciences 

  

 

 

www.ejbps.com        │        Vol 11, Issue 4, 2024.         │          ISO 9001:2015 Certified Journal        │ 

 

 

250 

hydroethanol extract of the fruit pulp of Azanza 

garckeana and its toxicity profile. Journal of 

Medicinal Plants Studies, 2024; 12(1): 38-42. 

25. Mao X, Yang Q, Chen D, Yu B, He J. Benzoic acid 

used as food and feed additives can regulate gut 

functions. BioMed research international, 2019; 

2019. 

26. Maroyi A. Azanza garckeana fruit tree: 

phytochemistry, pharmacology, nutritional and 

primary healthcare applications as herbal medicine: 

A Review. Research Journal of Medicinal Plants, 

2017; 11(4): 115-123. 

27. Mehta BM. Nutritional and toxicological aspects of 

the chemical changes of food components and 

nutrients during heating and cooking. Handbook of 

food chemistry, 2015; 897: 936-941. 

28. Millan Acosta A, Cuesta Turull C, Cosovanu D, 

Sala Marti N, Canela-Garayoa R. Novel and 

efficient biotechnological approach to produce 2, 5-

diformylfuran from biomass-derived 5-

hydroxymethylfurfural. ACS Sustainable Chemistry 

& Engineering, 2021; 18, 9(43): 14550-8. 

29. Mojeremane W, Tshwenyane S. Azanza garckeana: 

A valuable edible indigenous fruit tree of Botswana. 

Pakistan Journal of Nutrition, 2004; 3(5): 264-267. 

30. Momodu IB, Okungbowa ES, Agoreyo BO, Maliki 

MM. Gas Chromatography–Mass Spectrometry 

Identification of Bioactive Compounds in Methanol 

and Aqueous Seed Extracts of Azanza garckeana 

Fruits. Nigerian Journal of Biotechnology, 2022; 6, 

38(1): 25-38. 

31. Naim MJ, Alam O, Nawaz F, Alam MJ, Alam P. 

Current status of pyrazole and its biological 

activities. Journal of pharmacy & bioallied science, 

2016; 8(1): 2. 

32. Newman DJ, Cragg GM. Natural products as 

sources of new drugs over the 30 years from 1981 to 

2010. Journal of natural products, 2012; 23, 75(3): 

311-35. 

33. Nwafor C. Cultivation of Medicinal Plants by 

Smallholder Farmers in South Africa: Constraints to 

Commercialization. Preprints, 2020; 2020120761. 

Preprints 2020, 2020120761. 

https://doi.org/10.20944/preprints202012.0761.v1 

34. Ojeka SO, Dapper DV, Okerengwo AA. 

Reversibility capacity of aqueous extract of moringa 

oleifera leaf on cyclophosphamide induced 

immunotoxicity in male Wistar rats. Journal of 

Advances in Medical and Pharmaceutical Sciences, 

2018; 16(1): 1-8.  

35. Onel S, Muntean A, Chiang CT, Seipenbusch M, 

Roberts JT. Assessing the uptake of 1-hexene on 

gasborne silver and gold nanoparticles. Journal of 

Aerosol Science, 2019; 1, 134: 56-64. 

36. Oskoueian E, Abdullah N, Ahmad S, Saad WZ, 

Omar AR, Ho YW. Bioactive compounds and 

biological activities of Jatropha curcas L. kernel 

meal extract. International journal of molecular 

sciences, 2011; 15, 12(9): 5955-5970. 

37. Pan SY, Zhou SF, Gao SH, Yu ZL, Zhang SF, Tang 

MK, Sun JN, Ma DL, Han YF, Fong WF, Ko KM. 

New perspectives on how to discover drugs from 

herbal medicines: CAM's outstanding contribution 

to modern therapeutics. Evidence-Based 

Complementary and Alternative Medicine, 2013; 

2013: 1-25. 

38. Parker SR, Cutler HG, Jacyno JM, Hill RA. 

Biological activity of 6-pentyl-2 H-pyran-2-one and 

its analogs. Journal of Agricultural and Food 

Chemistry, 1997; 16, 45(7): 2774-2776. 

39. Punja M. Isopropanol in Encyclopedia of 

Toxicology (Third Edition), 2014 [Accessed online 

on February, 2024; 25. from: 

https://www.sciencedirect.com/topics/medicine-and-

dentistry/2-propanol]. 

40. Rhee KC. Determination of total nitrogen. Current 

protocols in food analytical chemistry, 2001; (1): 

B1-B2. 

41. Rigal L, Gaset A. Direct preparation of 5-

hydroxymethyl-2-furancarboxaldehyde from 

polyholosides: a chemical valorisation of the 

Jerusalem artichoke (Helianthus 

tuberosus L.) Biomass, 1983; 3: 151–163. 

42. Sirajo K, Shehu Z, Binanci MU, Mas’ud I, Diri AA. 

Study of Proximate Composition of Seed and Peel of 

(Azanza garckeana) Goron Tula. Asian Journal of 

Food Research and Nutrition, 2022; 22: 76-81. 

43. Sulieman AM. Azanza garckeana L.: Distribution, 

Composition, Nutritive Value, and Utilization. Wild 

Fruits: Composition, Nutritional Value and 

Products, 2019; 379-93. 

44. Venn-Watson SK, Butterworth CN. Broader and 

safer clinically-relevant activities of pentadecanoic 

acid compared to omega-3: Evaluation of an 

emerging essential fatty acid across twelve primary 

human cell-based disease systems. PloS one, 2022; 

26, 17(5): 1-17. 

45. Williams ET, Ambrose S, Timothy N. Assessment 

of Nutritional Composition of Azanza Garckeana 

(Goron Tula) Seed in Gombe, Nigeria. International 

Journal of Innovative Science, Engineering & 

Technology. November, 2020: 7(11): 213-222. 

46. Windisch HS, Fink P. The molecular basis of 

essential fatty acid limitation in Daphnia magna: a 

transcriptomic approach. Molecular Ecology, 2018; 

27(4): 871-885.  

47. Yusuf AA, Lawal B, Sani S, Garba R, Mohammed 

BA, Oshevire DB, Adesina DA. Pharmacological 

activities of Azanza garckeana (Goron Tula) grown 

in Nigeria. Clinical Phytoscience, 2020; 6: 1-8. 

 

 

 

 

 

 

 

 

https://www.sciencedirect.com/referencework/9780123864550/encyclopedia-of-toxicology
https://www.sciencedirect.com/referencework/9780123864550/encyclopedia-of-toxicology

