


Biostimulant-Induced Phytochemical Changes From Moringa, Neem, Papaya, and Bitter Leaf on Dioscorea bulbifera Mini-Setts



ABSTRACT
The use of chemical agents or plant extracts on the exposed surfaces of the minisett to retard fungal, nematode and insect attack is a common practice amongst farmers. As a result, it is important to investigate the effects of these extract on the phytochemical composition of crop, as they can negatively impact it. This study evaluated the effect of aqueous extracts of Moringa oleifera, Azardirachta indica, Carica papaya and Vernonia. Amygdalinaon phytochemical composition of Dioscorea bulbifera using standard techniques. The research was conducted on the research farm at university of Port Harcourt, Port Harcourt, between November 2021 and September 2023 cropping seasons. All analysis were carried out based on standard methods. The phytochemical’s components in the Dioscorea bulbifera mature leaves grown with different treatments at 8 weeks were alkaloids were  Apoatropine 0.77-0.94mg/100g, Caffeine 0.44-0.54mg/100g, cocaine 0.013-0.017mg/100g, quinine 0.012-0.015mg/100g, glycosides were verapamil 0.013-1.47mg/100g, linsinopril 0.006-0.018mg/100g, ameodipine 0.001-0.003mg/100g, flavonoids were didymin4.87-13.01mg/100g, quercertin 0.56-1.54mg/100g, catechin 0.08-0.23mg/100g, phenolics (45) including; caffeic acid 12.4-33.1mg/100g, tannic acid 2.96-7.86mg/100g, cinnamic acid 3.57-9.53mg/100g  and organic acids were formic acid 0.21-0.57mg/100g, citric acid 0.03-0.09mg/100g, oxalic acid 0.04-0.10mg/100g. Increases in studied phytochemicals occurred across all treatments with the studied bio*stimulants. The increased phytochemical contents obvserved after treatments for eight weeks is suggestive that Dioscorea bulbifera, Moringa oleifera, Azardirachta  indica, Carica papaya and Vernonia mygdalina could be potent plant-based bio-stimulants in sustainable agricultural practices. The findings support the use of eco-friendly, plant-based bio-stimulants as an effective strategy to boost the biochemical quality of the extracts, with potential implications for enhanced crop value, health benefits, and reduced dependency on synthetic agrochemicals
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1. INTRODUCTION
The use of seed yams as planting material in traditional yam production is limiting to yam production because seed yam tubers account for about 30 per cent of the total yield and as much as 63 per cent of total variable cost incurred per season of cultivation (Kikuno, 2011). Mini-setts technique developed as an alternative to seed yam, enables the production of planting material from few ware-tubers. (Ekanayake and Asiedu, 2003; Ikeorgu and Nwokocha, 2001; Okpara, et al., 2013). The challenge with this method is the use of chemical agents or plant extracts on the exposed surfaces of the minisett to retard fungal, nematode and insect attack. However, it is important to investigate the effects of these extract on the nutritional composition of the crops they are used on, this might result in the production of crops with low nutritional content. To enhance the quality of yam and other crops produced, various pre-treatments method is adopted, these include chemical (synthetic and biological extracts), thermal and physical methods. (Adebowale et al., 2018). 
[bookmark: _Hlk191849218]Dioscoreabulbifera, commonly known as air potato, is a member of the Dioscoreaceae family and is widely recognized for its nutritional and medicinal value (Kakbra, 2024). It is a tuberous plant known for its bulbils, which are rich in carbohydrates, proteins, and essential minerals. In many tropical regions, it serves as a staple food and traditional medicine. Despite its potential, its cultivation is often limited by poor yield and low resistance to environmental stress (Pereira and Cotas, 2020). In traditional medicine, D. bulbifera has been utilized for its therapeutic properties. Various parts of the plant have been employed to treat ailments such as conjunctivitis, diarrhoea, dysentery, and skin infections. In certain cultures, particularly among the Tiwi people of Australia, the tubers play a significant role in ceremonial practices, such as the kulama ceremony, where they are ritually cooked and consumed (Mubo and Adedapo, 2013). Phytochemical analyses of D. bulbifera have identified a range of bioactive compounds, including alkaloids, phenolics,  flavonoids, glycosides and organic acids. These constituents contribute to the plant's diverse pharmacological activities. Studies have demonstrated that extracts from D. bulbifera exhibit antioxidant, anti-inflammatory, analgesic, antidiabetic, and anticancer properties (Kakbra, 2024). For instance, the plant has shown potential in protecting gastric mucosa from indomethacin-induced damage in animal models, indicating its gastroprotective function. D. bulbifera offers notable nutritional and medicinal benefits, it is considered an invasive species in regions like Florida, USA. Its rapid growth and prolific bulbil production enable it to outcompete native flora, leading to ecological imbalances. Efforts to control its spread have included biological interventions, such as the introduction of the leaf beetle Liliocerischeni, which specifically targets D. bulbifera and helps mitigate its invasiveness (Ali etal., 2021).
Dioscorea bulbifera, commonly known as air potato, is a yam species with considerable potential for food and medicinal uses. However, its cultivation is often limited by poor sprouting, low vigor, and suboptimal phytochemical composition in the early stages of growth, particularly when propagated through mini-setts. These limitations affect both crop yield and its functional value as a source of bioactive compounds. Recent interest in eco-friendly agricultural inputs has led to the use of biostimulants derived from natural plant sources such as Moringa (Moringa oleifera), Neem (Azadirachta indica), Papaya (Carica papaya), and Bitter Leaf (Vernonia amygdalina). These plants are known for their rich phytochemical profiles and potential to stimulate plant growth and enhance secondary metabolite production. Despite the known benefits of these botanicals in general agriculture, there is limited scientific data on their specific influence on the phytochemical composition and early growth of Dioscorea bulbifera propagated through mini-setts.

This study promotes the use of plant-based bio-stimulants as environmentally friendly alternatives to synthetic agrochemicals. Demonstrating the effectiveness of moringa, neem, papaya, and bitter leaf extracts on Dioscorea bulbifera could support the adoption of sustainable and organic practices, particularly in low-input agricultural systems. Understanding how these biostimulants influence the phytochemical composition of D. bulbifera mini-setts (flavonoids, phenolics, alkaloids) may enhance the nutritional and medicinal value of the crop. This is especially significant for communities that rely on air potato as a traditional remedy or food source.



2. MATERIALS AND METHODS
The research was conducted on the research farm at university of Port Harcourt, Port Harcourt, River’s state Nigeria, between November 2021 and September 2023 cropping seasons. The site is located at (latitude 4054`31``N and Longitude 6054`38``E), with temperature range of 230C to 350C and average rainfall of 2719mm. Thirty (30) accessions of aerial yam (Dioscoreabulbifera) bulbils were obtained from Genetic Resource Centre (GRC) of the International Institute of Tropical Agriculture (IITA) Ibadan, Nigeria.  The treatments including: BT- Bitter leaf (Vernonia. amygdalina) were bought from Choba market, while other leaves PT-pawpaw (Carica papaya), NT-Neem (Azardirachtaindica) and MT-Moringa (Moringa oleifera) were obtained from the University of Port Harcourt, River’s state campus. The yam bulbils were cut into minisett weighing between 15g and 25g and soaked in the four plant extracts for 120mins before planting in sandy soil obtained from Choba river. Matured leaves were harvested and used to determine the phytochemicals composition of D. bulbifera grown with different plant-based aqueous extract pre-treatments.

2.1 Alkaloids (Extraction and Analysis) 
The alkaloids in the plant were determined following the procedure adopted by Okonwu et al. (2017a; 2017b). Ten grams (10g) of plant sample was de-fated, out of which 5g was weighed into a flask and 100 mL of 12% alcohol added, shook, filtered and washed with industrial alcohol. The extracted residue was washed into a flask with 50ml of ammonia water (ultrapure water) and heated in boiling water for 20 minutes and allowed to cool. Then, 0.1g of diastase (+ water) added and maintain at 50-55oC for 2 hrs. It was cooled and made up to 250 mL with ultrapure water, swirled and filtered. The filtrate (200 mL) was mixed with 20 mL hydrochloric acid (sp.g. 1.125) and heated in boiling water for 3 hours. Thereafter, it was allowed to cool, neutralized with sodium hydroxide solution and made up to 250 mL. The sample was shaking, centrifuged and supernatant decanted for determination using water 616/626 HPLC. The conditions of HPLC (Water 616/626) for the analysis of alkaloids were as follows: (i) An autosampler (ii) An automated gradient controller (iii) Gradient elution HPLC pump (iv) Reverse-phase HPLC column, thermostatically heated in a temperature-controlled room. (v) Detector by fluorescence (vi) Carrier gas: Nitrogen gas at flow rate of 40 mL/mins. (vii) Temperature: Detector- 170oC; Injector port- 190oC and Column- 125oC (viii) Computer facilities for storing data. (ix) Printer for results reporting.
2.2 Glycosides (Extraction and Analysis):
The glycosides in the plants were determined following the procedure by Okonwu and Akonye (2019) using 616/626 HPLC.One gram (1.0 g) of plant sample was weighed into a set of digestive tubes, 10 ml of 0.1 M HCI was added, warmed gently for 15 minutes at 105°C and transferred into a 50 ml volumetric flask. The procedure was repeated twice, rinsed with two to three aliquots, allowed to filter completely and the bitrate volume was made up to 100 ml with the extractant solution and mixed thoroughly. Then, 5 ml of extract solution was taken from the 100 ml flask and ran through a 2 cm layer (resin was packed on a macro- pipette tip) cation exchange resin (CEC). Glycoside compound was eluted with 10 ml of absolute ethanol. The ethanol was washed from the column with ultrapure water (10 ml) and the supernatant was transferred to a sample vial and ran on water 616/626 HPLC. The conditions for the analysis of glycosides were as follows: (i) An autosampler (ii) An automated gradient controller(iii) Gradient elution HPLCpump (iv) Reverse- phase HPLC column, thermostatically heated in a temperature-controlled room (v) Detector by fluorescence
(vi) Carrier gas: Nitrogen gas at flow rate of 38 ml/min. (vii) Temperature: Detector- 167°C; Injector port- 183a and Column- 130°C (viii) Computer facilities for storing data. (ix) Printer for reporting results.

2.3 Flavonoids (Extraction and Analysis) 
The flavonoids in the plant were determined following the procedure adopted by Okonwuet al. (2017a; 2017b). Plant sample (1.5g) was weighed into a set of extraction tube(s) and 20ml of boiled ultra-pure water dispensed into each extraction tubes. The setup was allowed to stand for 1.5 hours and vortexed for 5 minutes. The solution was transferred to a set of centrifuge tubes, shook for 15 minutes and centrifuged for 5 minutes at 3000 rpm. Thereafter, a set of vials were used to collect the supernatants for determination on water 616/626 HPLC. The conditions for the analysis of flavonoids were as follows: (i) An autosampler (ii) An automated gradient controller (iii) Gradient elution HPLC pump (iv) Reverse-phase HPLC column, thermostatically heated in a temperature-controlled room. (v) Detector by fluorescence (vi) Carrier gas: Nitrogen gas at flow rate of 60 ml/min. (vii) Temperature: Detector- 147oC; Injector port- 166oC and Column: 115oC (viii) Computer facilities for storing data. (ix) Printer for results reporting.
2.4Phenolics (Extraction and Analysis)
Phenolic compounds in the plant were determined according to the procedure used by Okonwu and Akonye (2019) using 616/626 HPLC. Two (2) grams of plant sample was weighed into a set of test tubes, 3ml of 70% acetone in water was added and the tube placed in an ultrasonic water bath at 10oC for 5 minutes. Stirred occasionally with a glass rod. Filtered through a 50-60μ Gooch crucible into a 50ml Erlenmeyer flask. The extraction was repeated 3 times by adding 3ml of 70% acetone in water and allowing it stand in the water bath at 10oC for 5 minutes. The test tube was rinsed with the final 3ml portion of 70% acetone in water and poured into the test tubes. Then 2ml of 0.1M yb-acetate and 15ml of 0.1M TEA reagent were added into the filtrate. The flask was closed with a rubber stopper, swirled and shook for 20 minutes after transferring the sample solutions to a set of plastic volumetric tubes. Allowed to settle for 4 hours and the supernatant was collected for analysis using HPLC. The conditions for the analysis of phenolics were as follows: (i) An autosampler (ii) An automated gradient controller (iii) Gradient elution HPLC pump (iv) Reverse-phase HPLC column, thermostatically heated in a temperature-controlled room. (v) Detector by fluorescence (vi) Carrier gas: Argon gas at flow rate of 60ml/mins. (vii) Temperature: Detector- 120oC; Injector port- 155oC and Column- 117oC (viii) Computer facilities for storing data. (ix) Printer for results reporting.
2.5 Statistical Analyses of Data

 Data were analysed using Statistical Package for Social Science (SPSS) version IBM SPSS statistics 23 incorporated, Chicago, IL, USA.  one-way analysis of variance (ANOVA) was used to analyse the results. Least Significant Difference (LSD) was used for mean separation where significant different (P≤ 0.05) existed. The results were presented as means and standard deviation with indication of level of significant difference. Microsoft Excel 2019 version was also used to convert and present the data obtained into appropriate figures.










3. RESULTS 

Table1 show the alkaloids composition of Dioscorea bulbifera leaves grown with different treatments 8 weeks after planning.A total of forty-six alkaloids were detected and quantified from the leaves of D. bulbifera grown with different treatment. 
Table 1.Alkaloids composition of Dioscorea bulbifera leaves grown with different pre-treatments at 8 weeks after planting (WAP)
	Treatment/ Concentration
	NT (mg/100g)
	PT (mg/100g)
	BT (mg/100g)
	MT (mg/100g)
	CT (mg/100g)

	Apoatropine
	0.7713
	0.7938
	0.818
	0.806
	0.9462

	Caffeine
	0.4406
	0.4535
	0.4674
	0.4607
	0.5407

	Rauwolfia
	0.2314
	0.2381
	0.2453
	0.2417
	0.2839

	Apomorphine
	0.0661
	0.068
	0.0701
	0.069
	0.0811

	Cinchonidine
	0.0646
	0.0664
	0.0684
	0.0676
	0.0793

	Strychine
	0.0389
	0.04
	0.0414
	0.0407
	0.0477

	Hyoscine
	0.0366
	0.0375
	0.0389
	0.0381
	0.0448

	Theobromine
	0.0328
	0.0337
	0.0346
	0.0343
	0.0401

	Atropine
	0.0172
	0.0177
	0.0183
	0.0179
	0.021

	Cocaine
	0.0139
	0.0143
	0.0149
	0.0147
	0.0172

	Quinine
	0.0126
	0.013
	0.0131
	0.0131
	0.0154

	Ephedrine
	0.0125
	0.0128
	0.0131
	0.0131
	0.0153

	Ergotamine
	0.0121
	0.0124
	0.0127
	0.0124
	0.0148

	Codeine
	0.0098
	0.0102
	0.0104
	0.0103
	0.0121

	Acridine
	0.0091
	0.0093
	0.0094
	0.0096
	0.011

	Pilocarpine
	0.0087
	0.0089
	0.0093
	0.0091
	0.0108

	Heroine
	0.0083
	0.0085
	0.0084
	0.0084
	0.01

	Berberine
	0.0075
	0.0077
	0.0081
	0.0079
	0.0093

	Quinoline
	0.0074
	0.0076
	0.0079
	0.0077
	0.009

	Phenylethylamine
	0.0064
	0.0067
	0.0069
	0.0067
	0.008

	Piperidine
	0.0062
	0.0064
	0.0067
	0.0067
	0.0078

	Colchicine
	0.0051
	0.0052
	0.0054
	0.0053
	0.0062

	Nicotine
	0.0049
	0.0049
	0.005
	0.005
	0.0058

	Vincristine
	0.0046
	0.0047
	0.0049
	0.005
	0.0057

	Eserine
	0.0041
	0.0041
	0.0046
	0.0041
	0.0052

	Psychotrine
	0.004
	0.004
	0.0043
	0.004
	0.0049

	Reserpine
	0.0039
	0.004
	0.0039
	0.004
	0.0047

	Tubocurarine
	0.0038
	0.0039
	0.0037
	0.004
	0.0045

	Quinidine
	0.0037
	0.0038
	0.0037
	0.004
	0.0045

	Cinchonine
	0.0033
	0.0034
	0.0036
	0.0034
	0.004

	Conine
	0.0032
	0.0032
	0.0034
	0.0031
	0.0038

	Vinblastine
	0.0028
	0.0029
	0.0029
	0.0029
	0.0035

	Piperine
	0.0024
	0.0025
	0.0026
	0.0026
	0.0028

	Narcotine
	0.002
	0.002
	0.0021
	0.0023
	0.0025

	Cephaline
	0.0021
	0.0021
	0.0021
	0.0024
	0.0025

	Peletrevine
	0.0017
	0.0018
	0.0019
	0.0017
	0.0021

	Morphine
	0.0016
	0.0017
	0.0016
	0.0014
	0.0019

	Papaverine
	0.0014
	0.0013
	0.0016
	0.0014
	0.0017

	Ricinine
	0.001
	0.0011
	0.001
	0.0011
	0.0011

	Emertine
	0.001
	0.001
	0.001
	0.001
	0.0011

	B_Carboline
	0.001
	0.001
	0.001
	0.001
	0.0011

	Pyridine
	0.001
	0.0009
	0.001
	0.001
	0.001

	Norpseudoephedrine
	0.0007
	0.0006
	0.0009
	0.0006
	0.0009

	Nornicotine
	0.0009
	0.0007
	0.001
	0.001
	0.0009

	Theophylline
	0
	0.0002
	0
	0.0001
	0.0002

	Lobelline
	0
	0.0001
	0
	0
	0.0001

	Total
	1.8742
	1.9276
	1.9865
	1.9581
	2.2982


NT=Neem treatment: sandy soil + water + neem leaves extract 
PT=Papaya treatment: sandy soil + water + papaya leaves extract
BT=Bitter leaf treatment: sandy soil + water + bitter leaves extract
MT=Moringa treatment: sandy soil + water + moringa leaves extract
CT= Control: sandy soil + water only


Table 2. show the glycosides composition of Dioscorea bulbifera leaves grown with different treatments at 8 weeks after planting (WAP).

Table 2Glycosides composition of Dioscorea bulbifera leaves grown with different treatments at 8 weeks after planting (WAP)
	Treatment/ Concentration 
	NT (mg/100g)
	PT (mg/100g)
	BT (mg/100g)
	MT (mg/100g)
	CT (mg/100g)

	Varapamil acid
	0.8645
	1.1964
	0.0131
	0.0106
	1.4791

	Glycyrhizic acid
	0.4939
	0.6837
	0.0087
	0.0073
	0.8452

	E-strophanthin acid
	0.2594
	0.3589
	0.0010
	0.0004
	0.4437

	Digitoxin acid
	0.0741
	0.1024
	0.0080
	0.0064
	0.1268

	Ateonol acid
	0.0437
	0.0604
	0.0251
	0.0204
	0.0749

	Oleandrin acid
	0.0194
	0.0266
	0.0060
	0.0047
	0.0329

	Nifedipine acid
	0.0141
	0.0193
	0.0171
	0.0140
	0.0241

	Lisinopril acid
	0.0109
	0.0153
	0.0074
	0.0061
	0.0188

	Glycyrrhetinic acid
	0.0056
	0.0077
	0.0181
	0.0150
	0.0097

	Catopril acid
	0.0055
	0.0074
	0.0017
	0.0013
	0.0091

	Metoprolol acid
	0.0053
	0.0072
	0.0011
	0.0011
	0.009

	Beta-glycyrrhetinic acid
	0.0037
	0.0050
	0.0261
	0.0213
	0.0063

	Hydrochlorathiazide acid
	0.0035
	0.0048
	0.0154
	0.0126
	0.006

	Furosemide acid
	0.0026
	0.0036
	0.019
	0.0153
	0.0045

	Ameodipine acid
	0.0022
	0.0029
	0.0020
	0.0014
	0.0038

	Digoxin_acid
	0.0017
	0.0024
	0.0076
	0.0063
	0.0030

	Enalapril acid
	0.0016
	0.0021
	0.0039
	0.0031
	0.0025

	Propranolol acid
	0.0013
	0.0015
	0.0287
	0.0236
	0.0019

	Total
	1.8130
	2.5076
	0.210
	0.1709
	3.1013




Table 3 show the flavonoids composition of Dioscorea bulbifera leaves grown with different treatments at 8 weeks after planting.A total of thirty-nine (39) flavonoids were detected and quantified in the leaves. 


Table 3Flavonoids composition of Dioscorea bulbifera leaves grown with different treatments at 8 weeks after planting (WAP)
	Treatment/Concentration
	NT (mg/100g)
	PT (mg/100g)
	BT (mg/100g)
	MT (mg/100g)
	CT (mg/100g)

	Didymin
	4.875
	6.745
	11.879
	9.333
	13.010

	Daidzein
	4.1566
	5.7516
	10.1293
	7.9586
	11.0935

	Diosmin
	3.462
	4.790
	8.436
	6.628
	9.239

	Rhoifolin
	2.982
	4.127
	7.268
	5.710
	7.960

	Hesperidin
	2.7631
	3.8235
	6.7337
	5.2907
	7.3746

	Isorharmnetic
	2.1994
	3.0435
	5.3599
	4.2111
	5.8701

	Epicatechingallate
	1.6807
	2.3253
	4.0957
	3.2179
	4.4855

	Naringinenin
	1.6786
	2.3224
	4.0904
	3.2139
	4.4797

	Eriocitrin
	0.865
	1.197
	2.107
	1.656
	2.308

	Nanirutin
	0.8011
	1.1083
	1.9519
	1.5336
	2.1376

	Tangeretin
	0.7864
	1.0883
	1.9167
	1.506
	2.099

	Hesperetin
	0.7197
	0.9959
	1.754
	1.378
	1.921

	Taxifolin
	0.716
	0.9905
	1.7446
	1.3707
	1.9106

	Poncirin
	0.638
	0.883
	1.555
	1.222
	1.703

	Quercetin
	0.5807
	0.8034
	1.4153
	1.112
	1.5498

	Kaempferol
	0.5631
	0.7791
	1.3723
	1.0783
	1.5028

	Acacetin
	0.5136
	0.7105
	1.2513
	0.9836
	1.3705

	Raxifolin
	0.5057
	0.6997
	1.2321
	0.9683
	1.3495

	Naringin
	0.4579
	0.6338
	1.116
	0.8767
	1.2223

	Neoriocitin
	0.4206
	0.5822
	1.0253
	0.8056
	1.123

	Sinerisetrin
	0.4169
	0.5771
	1.0164
	0.7986
	1.1132

	Epigallocatechingallate
	0.2895
	0.4005
	0.7054
	0.5543
	0.7725

	Nobiletin
	0.268
	0.371
	0.6531
	0.5133
	0.7154

	Thearubigins
	0.2516
	0.3482
	0.6133
	0.4817
	0.6716

	Neodiosmin
	0.2382
	0.3294
	0.5801
	0.456
	0.6355

	Epicatechin
	0.2277
	0.315
	0.555
	0.4359
	0.6076

	Fisetin
	0.2191
	0.303
	0.5336
	0.4191
	0.5844

	Anthocyanine
	0.2143
	0.2967
	0.5223
	0.4104
	0.5721

	Rhamnazin
	0.1904
	0.2635
	0.4641
	0.3644
	0.5083

	Luteolin
	0.1607
	0.2222
	0.3913
	0.3073
	0.4286

	Theaflarins
	0.1179
	0.1631
	0.2874
	0.2257
	0.3148

	Catechin
	0.0867
	0.1199
	0.2111
	0.1659
	0.2312

	Genistein
	0.0415
	0.0576
	0.1013
	0.0796
	0.1108

	Epigallocatechin
	0.0343
	0.0476
	0.0839
	0.0657
	0.0918

	Eriodictyol
	0.0283
	0.0391
	0.0689
	0.054
	0.0756

	Glycitein
	0.0242
	0.0335
	0.059
	0.0463
	0.0646

	Myricetin
	0.0195
	0.0268
	0.0474
	0.0371
	0.0517

	Apigenin
	0.0167
	0.0232
	0.0407
	0.0321
	0.0449

	Proanthocyanidins
	0.0091
	0.0126
	0.0221
	0.0173
	0.0243

	Total
	34.2194
	47.3493
	83.3898
	65.5188
	91.3272





Table 4. show the phenolic composition of Dioscorea bulbifera leaves grown with different treatments at 8 weeks after planting (WAP).A total forty-five (45) phenolics were detected and quantified in the leaves (Appendix O). 

Table 4. Phenolics composition of Dioscorea bulbifera leaves grown with different treatments at 8 weeks after planting (WAP)
	Treatment/ 
Concentration
	NT 
(mg/100g)
	PT
(mg/100g)
	BT (mg/100g)
	MT (mg/100g)
	CT (mg/100g)

	Caffeic acid
	12.414
	17.1776
	30.2526
	23.7691
	33.1318

	MOH benzoic acid
	11.6991
	16.1884
	28.5103
	22.4001
	31.2238

	CastarinolC-2 acid
	9.3387
	12.9221
	22.7579
	17.8807
	24.924

	Mendelic acid
	9.1643
	12.6808
	22.3331
	17.547
	24.4587

	Sinagic acid
	8.4712
	11.7216
	20.6436
	16.2194
	22.6083

	Genticitic acid
	6.126
	8.477
	14.929
	11.730
	16.350

	Aesculetin acid
	5.2445
	7.2572
	12.7809
	10.0417
	13.9973

	Contaric acid
	5.0995
	7.0565
	12.4276
	9.7643
	13.6105

	CastarinolC-3 acid
	4.3706
	6.0476
	10.6509
	8.3683
	11.6645

	Singlic acid
	4.1379
	5.7258
	10.0841
	7.923
	11.0439

	CastarinolC-1 acid
	3.8373
	5.3097
	9.3511
	7.3471
	10.2412

	POH-phyloacetic acid
	3.599
	4.9801
	8.7706
	6.8911
	9.6056

	Cinnamic acid
	3.5736
	4.9448
	8.7086
	6.8423
	9.5375

	Tannic acid
	2.9464
	4.077
	7.1801
	5.6416
	7.8637

	Caffaric acid
	2.6648
	3.6874
	6.4941
	5.102
	7.1121

	Astringin acid
	2.1903
	3.0309
	5.338
	4.194
	5.846

	Cyanidin-30-glycoside
	2.1551
	2.9821
	5.2517
	4.1264
	5.7517

	Ferteric acid
	2.0752
	2.8715
	5.0573
	3.9734
	5.5385

	Homovanillic-acid
	1.9499
	2.698
	4.7517
	3.7334
	5.204

	Cucissin acid
	1.7153
	2.3735
	4.1799
	3.2843
	4.5778

	Gallic acid
	1.659
	2.296
	4.043
	3.1767
	4.4282

	CastarinolC-4 acid
	1.6389
	2.2678
	3.9941
	3.1379
	4.3742

	Cyanidincoumarol-30-glycoside
	1.4389
	1.9912
	3.5067
	2.7551
	3.8405

	Ferulic acid
	1.404
	1.9426
	3.4213
	2.6879
	3.7469

	Salicitic acid
	1.3499
	1.8679
	3.2896
	2.5846
	3.6028

	Ethyl-gallon acid
	1.2707
	1.7581
	3.0963
	2.4324
	3.391

	Izoferulic acid
	1.1997
	1.66
	2.9236
	2.2971
	3.2019

	Catechin acid
	1.0842
	1.5001
	2.642
	2.0757
	2.8935

	Homovanilic acid
	1.0208
	1.4129
	2.4883
	1.955
	2.725

	P-cumaric acid
	0.7799
	1.0793
	1.9007
	1.4933
	2.0816

	Carreic acid
	0.7338
	1.0155
	1.7883
	1.4051
	1.9586

	Protocatechic acid
	0.7198
	0.996
	1.7541
	1.3781
	1.9211

	Syringic acid
	0.4148
	0.5738
	1.0107
	0.7943
	1.1071

	Homogentisic acid
	0.2917
	0.4036
	0.711
	0.5586
	0.7786

	Sinamic acid
	0.2668
	0.3693
	0.6503
	0.511
	0.7122

	Piperonic acid
	0.2268
	0.3141
	0.553
	0.4344
	0.6055

	Ethyl-caffeati acid
	0.2118
	0.293
	0.5161
	0.4054
	0.5651

	Salicylic acid
	0.2098
	0.2902
	0.5109
	0.4014
	0.5596

	Valnilic acid
	0.176
	0.243
	0.428
	0.336
	0.468

	Cafein acid
	0.1582
	0.2191
	0.3857
	0.303
	0.4223

	Pyrogallic acid
	0.1397
	0.1934
	0.3407
	0.2676
	0.373

	Veratoc acid
	0.109
	0.150
	0.265
	0.208
	0.290

	Benzoic acid
	0.0732
	0.1014
	0.1787
	0.1403
	0.1955

	POH-benzoic acid
	0.072
	0.0995
	0.1753
	0.1376
	0.1919

	Coumaric acid
	0.0628
	0.087
	0.153
	0.1203
	0.1676

	Total
	119.4844
	165.3341
	291.1795
	228.7758
	318.893





4. Discussion of Findings
Taofik et al. (2023) investigated the antioxidant activity of alkaloid and flavonoid fractions from Kalanchoe pinnata leaves, a medicinal plant prevalent in Nigeria. The alkaloid content was measured at 26.98 mg/g, and both fractions demonstrated strong antioxidant properties, with nitric oxide inhibition reaching 98.97%. GC-MS analysis identified 18 compounds in the alkaloid fraction, including 5-hydroxymethyl furfural, contributing to its antioxidant activity as reported by Taofiket al. (2023). Also, Mustapha et al. (2024) explored the alkaloid extracts from Avicennia africana leaves, assessing their anti-plasmodial and antioxidant activities. Their study confirmed the extracts' efficacy against malaria parasites and their antioxidant potential, highlighting the plant's therapeutic prospects. In this present study, the concentration of alkaloids composition varied among different treatment and the Control. The most abundant alkaloids components are: Apoatropine (77.13 – 94.62%), Caffeine (44.06 -54. 07%), Rauwolfia (23.14 – 28.39%), Apomorphine (6.61 – 8.11%) and Cinchonidine (6.46 – 7.93) % while the least concentrated components include Pyridine (0.09 – 0.11%), Norpseudoephedrine (0.06 -0.09%), Nornicotine (0.07 -0.10%), Theophylline (0.00 – 0.03%), and Lobelline (0.00 – 0.03%).
Previously, over 18,000 alkaloids have been reported in different plant species including those of Dioscorea (Dembitsky, 2006). While alkaloids have been utilized pharmaceutically because of their therapeutic activities such as anti-microbial, anti-hypertensive, anti-cancer, anti-inflammatory, anti-human immunodeficiency virus (HIV) and many others, some alkaloids are highly toxic to humans and animals (Moreira et al., 2018). They may contribute to undesirable sensory qualities such as bitterness in food crops such as yams (Okwu and Ndu, (2006). Alkaloids have been reported in several species of yams (D. alata, D. oppositifolia, D. hamiltonii, D. bulbifera, D. pubera, D. pentaphylla, D. wallichii, D. glabra and D. hispida) at values between 7.2 and 16 mg per 100 g dry weight (Padhan et al., 2020). A study from West Africa characterized the antinutritional factors in flour samples from four Dioscorea species and reported alkaloid levels ranging between 0.02 and 0.11 mg/100 g (Adebowale et al., 2019). Similarly, Senanyakeet al., (2012) recorded alkaloid levels of 0.94, 1.64 and 1.89 mg/100 g in D. alata, D. alata and D. esculenta, respectively. 
One of the major alkaloids in yam is dioscorine, a toxic isoquinuclidine alkaloid with molecular formula C13H19O2N.  Dioscorine has been reported in several yam species including D. hispida, D. hirsute, D. dumetorum and D. sansibarensis (Price et al., 2016). The presence of dioscorine in yam is associated with bitter taste and has been shown to induce nausea, dizziness and vomiting. Dioscorine has exhibited the potency to trigger fatal paralysis of the central nervous system when ingested Coursey, (1967), a reason that explains the use of dioscorine in the production of poisons for hunting purposes.
Mingzhao et al. (2024) showed that Licorice root extract has been applied to common bean plants under osmotic and salinity stress. The treatment enhanced cell membrane stability, improved water retention, and activated the antioxidant system, leading to increased shoot length and biomass. Additionally, it reduced oxidative stress markers like malondialdehyde (MDA), hydrogen peroxide (H₂O₂), and superoxide radicals. Also,  Akram et al. (2022) demonstrated application of sugar beet extract has shown to improve drought tolerance in okra and pea plants. The extract aids in maintaining ionic balance, enhancing photosynthetic activity, and boosting antioxidant defenses, resulting in better growth and yield under water-deficit conditions. In this study, a total eighteen (18) glycosides were detected and quantified in the leaves. The range of the glycosides across the various treatment and control were: Glycyrhizic-acid (0.006 – 0.845mg/100g), Glycyrrhetinic-acid (0.005 – 0.018mg/100g), Beta-glycyrrhetinic-acid (0.003 – 0.026mg/100g), E-strophanthin-acid (0.0003 – 0.443mg/100g), Digoxin-acid (0.001 – 0.007mg/100g), Digitoxin-acid (0.005 – 0.126mg/100g), Oleandrin-acid (0.004 – 0.032mg/100g), Varapamil-acid (0.009 – 1.479mg/100g), Nifedipine-acid (0.011 -0.024mg/100g), Ameodipine-acid (0.001 -0.003mg/100g), Lisinopril-acid (0.005 – 0.018mg/100g), Enalapril-acid (0.001 – 0.003mg/100g), Catopril-acid (0.001 – 0.009mg/100g), Hydrochlorathiazide-acid (0.003 – 0.015mg/100g), Furosemide-acid (0.002 – 0.015mg/100g), Propranolol-acid (0.001 – 0.028mg/100g), Ateonol-acid (0.017 – 0.074mg/100g) and Metoprolol-acid (0.0007 – 0.009mg/100g).
Flavonoid-rich plant extracts are increasingly recognized for their biostimulant properties, offering sustainable solutions to enhance plant growth, stress tolerance, and overall crop productivity. Richard et al. (2024) demonstrated that a complex biostimulant containing flavonoids significantly increased potato yields.The application of this biostimulant improved plant growth parameters, suggesting its potential in mitigating global food shortages and contributing to food security (Richard et al., 2024)Ateeq et al. (2022) also investigated the effects of foliar application of citrus-extracted flavonoids on canola and soybean under salt stress and optimal conditions.The results showed significant improvements in shoot and root biomass, leaf area, and overall plant growth, indicating flavonoids' role in enhancing stress tolerance. In this study,the concentration of the various flavonoids differs across the treatment, however Didymin had the highest concentration (g/100g) of (4.87 – 13.32), followed by Daidzein (4.15 – 11.35), Diosmin (3.46 – 9.45), Rhoifolin (2.98 – 8.14) and Hesperidin (2.76 – 7.55) in that order, while the lower concentrated constituents are Eriodictyol (0.028 – 0.077), Glycitein (0.024 – 0. 066),Myricetin (0.019 – 0.052), Apigenin (0.016 – 0.045) and Proanthocyanidins (0.009 – 0.024).Across the various treatments and control, neem treatment (NT) recorded the least total mean value of (34.21) which is not significantly different from (BT) and (CT), but significantly differ from other treatments.The presence of flavonoids has been reported in wide varieties of yams. A recent study by Padhan et al., (2020) investigated the flavonoid content of nine Dioscorea species including D. alata, D. oppositifolia, D. hamiltonii, D. bulbifera, D. pubera, D. pentaphylla, D. wallichii, D. glabra and D. hispida. Their findings revealed flavonoid content ranging from 0.62 to 0.85 mg/g dry weight, of which levels detected in D. alata and D. hispida were significantly lower compared to other Dioscorea species. In addition, the authors reported potential antioxidant activities of the yam tuber extracts to range from 1.63 to 5.59%. D. bulbifera and D. pubera with significantly higher number of bioactive compounds such as flavonoids exhibited higher radical scavenging activity compared to other Dioscorea species irrespective of the screening method (DPPH, ABTS, nitric oxide and superoxide radical scavenging assay) used (Padhan et al., 2020). Flavonoids have also been quantified in D. belophylla (8.8 mg/100 g), D. alata as 5.2 mg/100g, D. alata as 9.8 mg/100g and D. esculenta as 12.4 mg/100g Senanayake et al., 2012).   Another study also reported flavonoid content as well as the associated antioxidant activity of three yam species (D. cayenensis, D. dumetorum and D. bulbifera) (Ukomet al., 2014).
Phenolic acids, a class of plant-derived secondary metabolites, have been increasingly recognized for their bio-stimulant properties in agriculture. Their application can enhance plant growth, improve stress tolerance, and modulate soil microbial communities. EI-Awadi et al. (2017) showed the effects of caffeic, ferulic, and salicylic acids on faba bean (Viciafaba) growth.  Application of caffeic acid at 20 ppm significantly increased shoot dry weight and total photosynthetic pigments, indicating its potential as a growth promoter. Meanwhile while Aremu et al. (2015) revealed that Eucomis autumnalis, a medicinal plant, demonstrated that eckol and phloroglucinol which phenolic compounds isolated from the brown seaweed Ecklonia maxima—enhanced bulb size, fresh weight, and root production.These compounds also increased levels of indole-3-acetic acid (IAA), a key plant hormone involved in growth regulation. In this present study, the highest concentration of phenolics is recorded with senna treatment (ST), which is not significantly different from (BT) and (CT), but significantly different from other treatments. The most abundant phenolic concentration (g/100g) includes: Caffeic-acid (12.41 – 33.92), MOH benzoic-acid (11.69 – 31. 96), CastarinolC2-acid (9.33 – 25.51), Mendelic-acid (9.16 – 25.04), Sinagic-acid (8.47 – 23.14) and Genticitic-acid (6.12 -16.73). while the lower phenolic concentration (g/100g) constituents include: Pyrogallic-acid (0.13 – 0.38), Veratoc-acid (0.10 – 0.29), Benzoic-acid (0.07 – 0.20),POH benzoic-acid (0.07 – 0.19) and Coumaric-acid (0.06 – 0.17).Dioscorea species have been identified as a possible source of phenols as well as phenolic acids. Zhao et al. (2019) evaluated the total phenolic acids of two yam species (D. oppositifolia and D. hamiltonii) using an HPLC system. Their findings reported the presence of total phenolic acid in both yams; however, the content in D. oppositifolia (297.3 mg/mL) was almost double that of D. hamiltonii (158.2 mg/mL) which contributed to the significantly better antioxidant, anti-inflammatory and immune regulation effects of D. oppositifolia compared to D. hamiltonii. Among the phenolic acids detected in the two yam species, syringic acid was recorded the highest in both yams (Zhao et al, 2019). Similarly, a study profiled the phenolic compounds in D. alata and reported the presence of ferulic, sinapic, caffeic and p-coumaric acid and vanillic acid (Zhang et al, 2018). An earlier study reported phenolic constituents in 10 yam cultivars from five species highlighting the prevalence of these compounds in D. alata and D. bulbifera when compared to other species (D. cayenensis, D. dumetorum and D. rotundata) irrespective of the cultivar (Zhao et al, 2019). The phenolic concentration of D. rotundata (12–69 mg catechin/100g) was the lowest among the five species and (Graham-Acquaah et al. 2014) reported a similar range (20–37 mg catechol/100 g) in two cultivars of D. rotundata. The latter authors observed a significant variation across tuber sections. In one D. rotundata cultivar (Puna), the order of concentration of phenol in the sections were head > mid-section > tail, whereas the head and mid-section of Bayerefitaa cultivar had a similar phenol concentration but significantly higher than that of the tail section (Graham-Acquaah et al., 2014). Similarly, Padhan et al. (2020) found significant variation in the phenol content (2.1–9.62 mg/g dry weight) of various yam species (D. alata, D. bulbifera, D. oppositifolia, D. pubera, D. hamiltonii, D. pentaphylla, D. glabra, D. hispida and D. wallichii), with a significantly higher concentration in D. bulbifera compared to other species.

CONCLUSION
The application of bio-stimulants derived from Moringa, Neem, Papaya, and Bitter leaves had a significant positive impact on the phytochemical composition of Dioscorea bulbifera (aerial yam) mini-setts. The study demonstrated that treatments with these natural extracts notably enhanced the concentrations of key phytochemicals such as alkaloids, flavonoids, phenolic compounds, and glycosides compared to the untreated control. Among the treatments, Moringa leaf extract consistently showed the most pronounced effect, followed by Neem and Papaya, indicating a strong potential of these botanicals in promoting secondary metabolite synthesis. Aerial Dioscorea bulbifera indicated richness in flavonods, alkalaoids, and phenolic compounds. The increase in phytochemical content suggests improved nutraceutical and medicinal value of the aerial yam, highlighting the utility of these bio-stimulants in sustainable agricultural practices.Overall, the findings support the use of eco-friendly, plant-based bio-stimulants as an effective strategy to boost the biochemical quality of D. bulbifera, with potential implications for enhanced crop value, health benefits, and reduced dependency on synthetic agrochemicals.
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