Nutritional composition and pharmacological activity of Musa balbisiana Colla seed: an insight into phytochemical and cellular bioenergetic profiling
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Materials and Methods
Chemicals
DPPH, ABTS, ascorbic acid, fructose, BSA, methylglyoxal, arginine, acarbose, aminoguanidine hydrochloride, dimethyl sulfoxide, and MTT were obtained from Sigma-Aldrich (St. Louis, MO, USA). DMEM, fetal bovine serum, 0.25% trypsin-EDTA and antibiotic (Anti-Anti) were purchased from Gibco (Grand Island, NY, USA). Cell mito stress test and glycolysis stress test kit were procured from Agilent Technologies (USA). The remaining chemicals, including the solvent used for extraction, were purchased from Merck (Germany). 
Plant Materials
Mature fruits of M. balbisiana were collected from the Institute of Advanced Study in Science and Technology (IASST), Assam, India. The Botanical Survey of India authenticated the plant under Ref No. BSI/ERC/Tech/2022-23/337 and a voucher specimen was deposited at the Institute of Advanced Study in Science and Technology (IASST), Assam, India. 
Proximate analysis of M. balbisiana seeds
Seeds were separated from the pulp by a seed extractor, and the isolated seeds were cleaned and shade dried for five days. The nutritional composition of dried powder seeds (total carbohydrate, starch, reducing sugar, and protein) was measured using well-established methods [1]. The proximate ash, moisture, and trace elements (micronutrients) were measured following our previous procedures [2]. 
Extraction and Fractionation
Dried seeds were grounded into a coarse powder and subjected to maceration with methanol: water in a ratio of 9:1 for 72 hours and filtered. Then, the solvents were removed from the filtrate using a rotary evaporator (Rotary evaporator, Buchi, Switzerland) and subsequently lyophilized (FreeZone Freeze Dryer, Labconco, USA). Methanolic extract (ME) of M. balbisiana seed was further subjected to gradual fractionation along with solvents of increasing polarity viz, ethyl acetate, n-butanol, and water. All the fractions were evaporated, lyophilized, and stored at -20°C for further use. 
Antioxidant Assays
The antioxidant activity of ME and fractions was evaluated by DPPH and ABTS radical scavenging assay, ferric reducing antioxidant power (FRAP), and phosphomolybdenum assay following Bhattacharjee et al. [3]. The absorbance was measured using a UV/VIS spectrophotometer (Multiskan Go, Thermo Scientific, Germany). Ascorbic acid was used as a standard. 
Anti-glycation Assays
The BSA-Fructose (BSA-Fru), BSA-methylglyoxal (BSA-MGO), and arginine-methylglyoxal (ARG-MGO) model of glycation was performed by following the methods of Wang et al. [4]. Aminoguanidine (AG) was used as a standard. The fluorescence intensity was measured using a Varioskan Flash multimode reader (Thermo Scientific, Germany) operated with SkanIt Software 2.4.5. 
α-Amylase and α-Glucosidase Inhibition Assay 
α-amylase and α-glucosidase enzyme inhibition assays were performed by following Sarma et al. [2]. Phosphate buffer was used as the control, and acarbose as the standard. 
Phytochemical Analysis
The total phenolic and flavonoid content was measured following Sarma et al. [2]. The total phenolic content was expressed as mg gallic acid equivalent per gram sample (mg GAE/g), and the flavonoid content was expressed as mg quercetin equivalent per gram sample (mg QE/g). The total tannin content was measured following Rebaya et al. [5] and expressed as mg catechin equivalent per gram sample (mg CE/g). 
Gas Chromatography-Mass Spectrometry (GC-MS) Analysis
GCMS analysis of EAF was carried out using GC–MS/MS system (Shimadzu 2010 plus Triple quadrupole 8040) furnished with a silica column packed with a 30 m EB-5MS with 0.25 μm film thickness and 0.25 mm internal diameter. Pure helium gas (99.99%) was used as the carrier gas at a constant flow rate of 1.69 mL/min, and 1 mg/ml sample was injected in a splitless mode. The program consists of 50 °C for 3 min followed by raised at 10 °C/min up to 280°C and holding at 300 °C for 10 min. The phytoconstituents present in EAF were screened based on comparing retention time and mass spectral patterns using the National Institute of Standards and Technology (NIST) library. 
Cell Culture
Human hepatocellular carcinoma (HepG2) cell lines were purchased from NCCS, Pune, and maintained in DMEM supplemented with 10% (v/v) of fetal bovine serum and 1% anti-anti in a 5% CO2 incubator (Thermo Scientific, USA) at 37°C. 
Cell Viability
Cell viability was estimated by MTT assay. Cells were plated in a 96-well plate (1x104 cells/well) and treated with different concentrations of EAF (25, 50, 75, 100, and 150 µg/ml). After treatment, the media was discarded, and 180 µl phenol red-free media and 20 µl MTT (5 mg/ml) was added to each well, followed by 4 h incubation. The formazan crystals were dissolved in 150 µl DMSO, and the absorbance was measured at 370 nm. 
[bookmark: _Hlk113615092][bookmark: _Hlk115177128]Cell Mito Stress Stress Test Assay
The mitochondrial function of EAF-treated cells was measured using the cell Mito stress test kit by Seahorse XFe24 Extracellular Flux Analyzer, following the manufacturer’s instructions (Agilent Technologies). Briefly, 3.5x104 cells were seeded in a 24-well seahorse cell culture microplate. Cells were pre-treated with EAF (25 and 50 µg/ml) and metformin (60 μM) for 6-h, followed by 0.125 mM FFA (BSA: Palmitate, a ratio of 1:6) treatment. After 16 h incubation, the growth medium was discarded, and a fresh 500 µl assay medium (RPMI medium supplemented with 2 mM glutamine, 1 mM pyruvate, and 10 mM glucose, pH 7.4) was added to the wells. The culture microplate was transferred to a non-CO2 incubator (37°C) for 1h before the assay. Oligomycin (1 µM / 56 µl), FCCP (1 µM / 62 µl), and rotenone/antimycin (0.5 µM / 69 µl) are loaded into the ports A, B, and C, respectively on the hydrated sensor cartridge and the assay continued. The key parameters of mitochondrial function were measured directly from cells’ oxygen consumption rate (OCRs). 
Glycolysis Stress Test Assay
The glycolytic function of EAF-treated cells was measured using the glycolysis stress test kit by Agilent Seahorse XFe24 Extracellular Flux Analyzer, following the manufacturer’s instructions. As mentioned above in the Cell Mito stress test assay, cells were treated in the presence or absence of EAF, metformin, and FFA. Following 16-h incubation with FFA, the growth medium was changed to a glycolysis stress test medium supplemented with 1 mM glutamine (pH 7.4) and incubated at 37°C in a non-CO2 incubator for 1 h. Glucose (10 mM / 56 µl), oligomycin (1 µM / 62 µl), and 2-Deoxyglucose (50 mM / 69 µl) were loaded into the ports A, B, and C respectively of the hydrated sensor cartridge, and glycolysis stress test is performed by directly measuring the extracellular acidification rate. 
Statistical Analysis
The statistical analysis was performed using GraphPad Prism 5.0 software. Data were expressed as means ± standard deviation and analyzed by one-way analysis of variance (ANOVA) followed by the Bonferroni test for biochemical assays and Duncan's multiple range test for cell culture studies. The results were considered statistically significant if the p-value were 0.05 or less. 
Results and Discussions
Cell Viability Assay
The cytotoxic effect of the bioactive fraction of M. balbisiana seeds (EAF) was evaluated. Non-toxic concentrations were considered for further cell-based assays. EAF confers 90-100 % cell viability up to 100 µg/ml, and two non-toxic concentrations (25 and 50 µg/ml) were selected (Fig S3). 
Correlation Between Phytochemical Content and Biological Activity
Pearson's Correlation analysis was measured between phytochemical content (total phenolic, flavonoid and tannin) and biological activity (antioxidant, anti-glycation, α-amylase and α-glucosidase inhibition) (Table S4). TPC and TTC was found strongly correlated with the IC50 values of DPPH, ABTS, FRAP and phosphomolybdenum assay, indicating a significant positive correlation between phytochemical content and antioxidant assays. TFC was also negatively correlated with IC50 of antioxidant assays, however, the correlation was not significant. A very strong positive correlation was found between BSA-fructose inhibition assay with TPC (p<0.01), TFC (p<0.05) and TTC (p<0.05). BSA-methylglyoxal and arginine-methylglyoxal method was positively correlated with TPC, TFC and TTC. However, a significant correlation was only observed between BSA-methylglyoxal with TFC (p<0.05) and arginine-methylglyoxal [TPC (p<0.05) and TTC (p<0.01)]. Interestingly, α-amylase and α-glucosidase inhibition assay had no significant correlation with TPC, TFC and TTC. This result suggested that carbohydrate-hydrolyzing enzyme inhibition capacity must be associated with phytochemicals other than phenolics, flavonoids, and tannins. Non-phenolic components (polysaccharides, bioactive peptides and lipids) derived from food products such as soybean and seeds of cumin, watermelon and Camellia have been reported to inhibit α-amylase and α-glucosidase enzymes [6]. Based on these results, antioxidant and anti-glycation activity of M. balbisiana seed can be accredited to its phenolic and tannin content, while the flavonoids promote the inhibition of intermediate stages of glycation.  
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Figure Legends
Fig. S1 GC-MS chromatogram of ethyl acetate fraction (EAF) of Musa balbisiana seed
Fig. S2 Effect of EAF on modulation of OCR in FFA-induced HepG2 cells. a Seahorse XFe24 cell mitochondria stress test profile b Basal respiration c Maximal respiration d ATP production e Spare respiratory capacity. Mean ± SD. ##p < 0.01 and ###p < 0.01 is compared with control and *p < 0.05, and **p < 0.01 are compared with FFA. FFA- Free fatty acid (0.125mM), EAF25- EAF 25 μg/ml, EAF50- EAF 50 μg/ml, Met- Metformin (60 µM)
Fig. S3 Effect of EAF on modulation of ECAR in FFA-induced HepG2 cells. a Seahorse XFe24 cell glycolysis stress test profile b Glycolysis c Glycolytic capacity d Glycolytic reserve e non-glycolysis acidification. Mean ± SD. ##p < 0.01 and ###p < 0.01 is compared with control and *p < 0.05, and **p < 0.01 are compared with FFA. FFA- Free fatty acid (0.125mM), EAF25- EAF 25 μg/ml, EAF50- EAF 50 μg/ml, Met- Metformin (60 µM)
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Table S1 Proximate composition of M. balbisiana seeds
	Proximate analysis*
	

	Banana weight 
	

	    Pulp (%)
	64.88 ± 2.62

	    Peel (%)
	24.11 ± 2.67

	    Seed (%)
	10.43 ± 0.69

	
	

	Moisture (%)
	9.02 ± 0.05

	Ash (%)
	7.22 ± 2.1

	
	

	Total carbohydrates (g/100g)
	27.0 ± 1.09

	    Starch (g/100g)
	5.27 ± 1.03

	    Reducing sugar (g/100g)
	19.6 ± 0.28

	Protein (g/100g)
	3.09 ± 0.97

	
	

	Minerals
	

	    Calcium (mg/100g)
	17.87 ± 0.7

	    Magnesium (mg/100g)
	14.53 ± 0.49

	    Sodium (mg/100g)
	8.96 ± 0.22

	    Iron (mg/100g)
	4.7 ± 1.17

	    Copper (mg/100g)
	0.53 ± 0.04

	    Zinc (mg/100g)
	0.58 ± 0.08

	    Manganese (mg/100g)
	0.25 ± 0.06


*Mean ± SD of triplicates except for banana weight (n=10)
Table S2 Total phenolic, flavonoid, and tannin content of M. balbisiana seed extract and its fractions
	Sample
	Total phenolic content (mg GAE/g)
	Total flavonoid content (mg QE/g)
	Total tannin content (mg CE/g)

	ME
	59.5 ± 0.28b
	2.38 ± 0.19c
	35.01 ± 0.57c

	EAF
	61.53 ± 0.11a
	6.00 ± 0.04a
	[bookmark: _Hlk129093446]59.43 ± 0.55a

	nBF
	61.25 ± 0.21a
	4.12 ± 0.09b
	39.99 ± 1.21b

	WF
	56.4 ± 0.71c
	0.67 ± 0 .16d
	1.17 ± 0.17d


ME- methanol extract, EAF- ethyl acetate fraction, nBF- n-butanol fraction, WF- water fraction, GAE-gallic acid equivalent, QE- quercetin equivalent, CE- catechin equivalent. Mean ± SD. The mean in the same column with the same superscript are not significantly different (p>0.05) as separated by Bonferroni’s multiple comparison test.
Table S3 Phytochemical constituents identified in the ethyl acetate fraction (EAF) of M. balbisiana seed extract using GC-MS/MS
	Sl. no
	Retention time
	Peak area
(%)
	Name of the compound
	Similarity score
	Molecular formula
	Molecular weight
	CAS

	1
	10.41
	0.32
	Cyclohexyldimethoxymethylsilane
	90
	C9H20O2
	188.34
	17865-32-6

	2
	11.92
	0.78
	[bookmark: _Hlk124954394]Benzene, 1,3-bis(1,1-dimethylethyl)
	93
	C14H22
	190.32
	1014-60-4

	3
	15.57
	1.00
	2,4-Di-tert-butylphenol
	93
	C14H22O
	206.32
	96-76-4

	4
	16.50
	0.38
	[bookmark: _Hlk124954535]n-Tridecan-1-ol
	91
	C13H28O
	200.36
	112-70-9

	[bookmark: _Hlk124950051]5
	18.86
	0.79
	1-Nonadecene
	95
	C19H38
	266.5
	18435-45-5

	6
	20.32
	12.89
	[bookmark: _Hlk124947861]Hexadecanoic acid methyl ester
	96
	C17H34O2
	270.45
	112-39-0

	7
	20.69
	1.73
	[bookmark: _Hlk124953872]n-Hexadecanoic acid
	90
	C16H32O2
	256.42
	57-10-3

	8
	20.81
	3.23
	[bookmark: _Hlk124955155]Dibutyl phthalate
	97
	C16H22O4
	278.34
	84-74-2

	9
	22.06
	4.41
	[bookmark: _Hlk124951859]9,12-Octadecadienoic acid (Z,Z)- methyl ester
	92
	C19H34O2
	294.47
	112-63-0

	10
	22.10
	4.93
	[bookmark: _Hlk124954560]9-Octadecenoic acid methyl ester, (E)-
	92
	C19H36O2
	296.49
	1937-62-8

	11
	22.33
	4.85
	Methyl stearate
	96
	C19H38O2
	298.5
	112-61-8

	12
	22.94
	0.73
	Behenic alcohol
	92
	C22H46O
	326.6
	661-19-8

	13
	27.97
	4.56
	13-Docosenamide, (Z)-
	91
	C22H43NO
	337.58
	112-84-5

	14
	34.06
	3.39
	γ-Sitosterol
	90
	C29H50O
	414.7
	83-47-6


CAS- Chemical abstract service
[bookmark: _Hlk129111414][bookmark: _Hlk129110692][bookmark: _Hlk129111354]Table S4 Pearson’s Correlation analysis between phytochemical content and IC50 values of antioxidant, antiglycation and α-amylase and α-glucosidase inhibition assays
	Assays (IC50 μg/ml)
	Phenolics
	Flavonoids
	Tannins

	
	r
	R2
	r
	R2
	r
	R2

	DPPH
	-0.987*
	0.975*
	-0.896
	0.803
	-0.967*
	0.935*

	ABTS
	-0.992**
	0.985**
	-0.912
	0.832
	-0.971*
	0.943*

	Ferric reducing antioxidant power
	-0.987*
	0.975*
	-0.916
	0.839
	-0.979*
	0.960*

	Phosphomolybdenum assay
	-0.971*
	0.942*
	-0.933
	0.871
	-0.995**
	0.991**

	BSA-Fructose
	-0.995**
	0.990**
	-0.957*
	0.916*
	-0.980*
	0.960*

	BSA-methylglyoxal
	-0.804
	0.647
	-0.960*
	0.921*
	-0.904
	0.817

	Arginine-methylglyoxal
	-0.968*
	0.938*
	-0.938
	0.881
	-0.904**
	0.994**

	α-amylase inhibition assay
	0.438
	0.192
	0.725
	0.526
	0.628
	0.394

	α-glucosidase inhibition assay
	-0.485
	0.235
	-0.138
	0.019
	-0.271
	0.074


BSA- Bovine serum albumin, r- Pearson correlation coefficient
** Correlation significant at 0.01 level, * Correlation significant at 0.05 level
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