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Shallot (Allium ascalonicum L.)-enriched Plantain (Musa paradisiaca L.) Biscuits ameliorates Diabetes, Hypertension and Oxidative Stress in Streptozotocin/High-Fat Diet induced Diabetic Rats.
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Materials and Methods
Sample and Chemical Acquisitions
Freshly harvested shallots were purchased from ‘Shasha’ Market, Akure, Ondo State, Nigeria. Mature unripe plantain was collected from the Teaching and Research Farm of the Federal University of Technology Akure, Nigeria. The commercial onion biscuit (COMBIS) was purchased from Ceci Supermarket, Akure, Ondo State, Nigeria (see Table 1S for product information). Chemicals used for the study are of analytical grades and were procured from Sigma-Aldrich (United Kingdom).
Table 1S Additional Information on COMBIS (as provided on the package)
	Product Name:
	Onion Cracker

	Manufacturer:
	Munchy (Shandong) Food Co., Ltd., Yishul County, Shandong Province, China.

	Manufactured for:
	Grace of Life Resources, Lagos Island, Lagos State, Nigeria.

	NAFDAC Reg. No.:
	D1-9348

	Ingredients:
	Wheat flour, palm oil, sugar, corn starch, high fructose corn syrup, onion powder, butter, dehydrated onion leaf, yeast, raising agents (Ammonium bicarbonate E503, sodium bicarbonate E500), flavour enhancers (sodium glutamate E621, flavour), acidity regulator (citric acid E330), colour (β-carotene E160a), flour treatment agent (sodium metabisulphite E233), and salt.

	Nutritional Information:
	Energy (2037kJ/100 g)
Protein (8.8 g/100g)
Fat (19.0 g/100g)
Carbohydrate (69.7 g/100g)




Preparation of Composite Flour
Processing of Unripe Plantain Flour
Freshly farm-collected unripe plantains were processed into flour as previously described by Adeyemo et al. [1]. The degree of ripening of the plantains was ascertained using an established plantain ripening colour chart [2]. The plantains were manually peeled and chopped into smaller pieces. The small pieces of plantain were then blanched at 100 ± 2 °C for 15 min. The blanched plantains were parched for 15 h at 60 ± 2 °C in a cabinet dryer (Plus11 Sanyo Gallenkamp PLC, UK). The dried samples were milled using a laboratory blender (Kenwood, BLX52 model, UK), and were sieved with a 60 mm mesh sieve (British Standard). The plantain flour obtained was packaged and sealed in an air-tight plastic vessel and was stored at 4 ± 2 °C for further use.
Processing of Shallot Flour
Fresh shallot plant was processed into flour according to the method previously described by Adeyemo et al. [1]. Fresh shallots were sliced and rinsed thoroughly with clean water. The prepared shallots were drained for 20 minutes and then soaked in sodium bisulphite solution (500 ppm) for 10 min. After that, they were thoroughly rinsed with clean water and transferred into a stainless-steel strainer to drain for about 30 min. The drained shallots were then spread on aluminium foil sheets and transferred into a cabinet dryer (Plus11 Sanyo Gallenkamp PLC, UK) to dry (60 ± 2 °C for 10 h). The dried shallots were blended in a blender (Model KM 901D; Kenwood Electronic, Hertfordshire, UK). The shallot flour was packaged in a zip-seal food bag, sealed in a nonporous plastic container, and stored at 4 ± 2 ºC for further use.
Processing of Date Flour
The date flour was prepared as previously described by Adeyemo et al. [1]. The dates were chopped and, the seeds were removed. The sliced dates were rinsed thoroughly with clean water and drained for 30 min in a stainless-steel strainer. The washed dates were spread on aluminium foil sheets and dried for 24 hr at 60 ± 2°C in a hot air oven cabinet dryer (Plus11 Sanyo Gallenkamp PLC, UK). After the drying cycle, the dates were poured into a blender (ModelKM 901D; Kenwood Electronic, Hertfordshire, UK) to blend until smooth. The resulting date flour was sieved with a British standard mesh sieve (60 mm), packaged in zip-seal food bags, and stored at 4±2°C for further use.
Biscuit Preparation
The method employed in the preparation of the shallot-enriched plantain biscuits (SEPB) was previously described by Adeyemo et al. [1]. For the dough preparation, plantain and shallot flour (200 g) in different proportions (Table 2S), and date palm flour (60 g) were measured out into a dough pan. To the flour mixture, 80 g of margarine (facilitated the biscuit to spread out during baking) and 0.5 g of xanthan gum (served as dough thickener or stabilizer) were added. Afterwards, water (120 ml) was used to mix all the ingredients to form a smooth dough. The dough was manually rolled out on a tray (5 mm height) with a wooden roller. A round-shaped biscuit cutter (approx. 4.9 cm diameter) was used to cut the rolled-out dough. The dough pieces were neatly arranged on a baking tray laced with aluminium foil coated with margarine. The dough pieces were then baked (160 ± 2 °C for 30 min) in a pre-heated Unox steam convection oven and cooled to room temperature for 30 min. The biscuits were tightly in zip-seal food bags and stored at 4 ± 2 °C for further experimental use.
Table 2S Sample Formulation/Blends Ratio of SEPB
	
	
	Blending ratio (Expressed in %)

	Samples
	Formulation (%w/w)
	Unripe Plantain
	Shallot
	Total

	COMBIS 
	Commercial Onion Biscuit
	-
	-
	-

	SB0
	Plantain + Shallot 
	100
	0
	100

	SB20
	Plantain + Shallot 
	80
	20
	100


COMBIS: Commercial Onion Biscuit, SB0: 100% plantain biscuit, SB20: 80% Plantain + 20% Shallot biscuit.
Animals and Experimental Protocol
Animal Source and Handling
Thirty-six mature male albino rats weighing (180-200 g) were obtained from the Central Animal House of the Department of Biochemistry, Federal University of Technology, Akure, Nigeria. The animals were housed in aerated plastic cages maintained at 25 °C on 12 h light/dark cycles, with free access to the commercial rat pellet and water ad libitum. The experimental animals were allowed to acclimatize for 30 days before inducing them with diabetes.
Induction of Type II Diabetes and Experimental Grouping
The rats were fed with a formulated high-fat diet (Table 3S) for 14 days, followed by an intraperitoneal injection of STZ (35 mg/kg body weight) on day 14 as described by Ajatta et al. [3]. The experimental animals were divided into six groups (n = 6) as follows;
Group 1: Normal rats fed with basal feed (Control).
Group 2: Diabetic rats induced with high-fat diet/STZ (HFD/STZ).
Group 3: Diabetic rats induced with HFD/STZ, and treated with 0% shallot-enriched plantain biscuit (SB0) diet.
Group 4: Diabetic rats induced with HFD/STZ, and treated with 20% shallot-enriched plantain biscuit (SB20) diet.
Group 5: Diabetic rats induced with HFD/STZ and treated with a commercial onion biscuit (COMBIS) diet.
Group 6: Diabetic rats induced with HFD/STZ and treated with Metformin (MET).
The experimental animals were treated orally with SB0, SB20 and COMBIS, and intraperitoneally with standard drug (metformin) for 14 days. The blood glucose level of the animals was monitored at Day 0, 7 and 14 of the experiment using a glucometer (ACCU-CHEK ACTIVE, Roche, Germany).

Table 3S Formulation of High-Fat Diet
	Ingredients (g)
	Control diet (g)
	Experimental diet (g)

	Cornstarch
	36
	16

	Lard
	-
	30

	Vegetable oil
	10
	-

	Skimmed milk
	50
	50

	Vitamin premix
	4
	4



Sacrifice and Tissue Preparation
The animals were sacrificed by cervical dislocation 24 hours after the last treatment. Blood samples were collected from the animals through cardiac puncture into EDTA bottles. The blood was centrifuged and plasma was aspirated for estimations of glucose concentration, lipid profile assay and organ biomarkers. Also, the rats’ pancreas, intestine, liver, and kidney were quickly isolated and placed on ice, thereafter, the tissues were rinsed in cold 0.9 % saline solution, blotted and weighed. The tissues were subsequently homogenized in 0.1M sodium phosphate buffer (pH 6.9), cold-centrifuged for 30 min at 8000 rpm and the clear supernatant was used for biochemical assays. Furthermore, parts of the excised liver and kidney tissues were fixed in 10% formalin for histopathological examination.

Determination of Plasma Glucose Level, Lipid Profile and Cardiovascular Risk Indices
Glucose level was determined using a commercially available kit from Randox Laboratories Ltd., UK. Total cholesterol (CHOL), triglycerides (TRIG), and high-density lipoprotein-cholesterol (HDL-c) levels were determined using commercially available kits from Agappe Diagnostics Ltd., Switzerland. The low-density lipoprotein-cholesterol (LDL-c) was calculated from other lipid profile parameters according to the method of Friedwald et al. [4];
LDL-c (mg/dL) = 	… (1)
The atherogenic index (AI) and coronary risk index (CRI) were also calculated using the formula of Wilson et al. [5];
AI = 							… (2)

CRI = 								… (3)

Evaluation of Markers of Liver and Kidney Toxicity
The activities of alanine aminotransferase (ALT), and aspartate aminotransferase (AST) as well as urea and uric acid concentrations were estimated using commercially available kits obtained from (Randox Laboratories Ltd., UK) following the manufacturer’s instruction. Albumin level was also determined using commercially available kits from CliniChem Ltd., Hungary. Globulin level was calculated according to Doumas et al. [6]; 
Globulin concentration (mg/dL) = 			 … (4)

Determination of α-amylase and α-glucosidase Activities
Determination of α-amylase Activity
The activity of α-amylase in the pancreatic of diabetic rats was evaluated as described by Worthington Biochemical Corporation [7]. Pancreatic homogenate (100 µL) which is the α-amylase source was added to 500 μL of 20 mM sodium phosphate buffer (pH 6.9 with 6 mM NaCl) and was incubated for 10 min at 25 ◦C, and then followed by the addition of 1000 μL of dinitrosalicylic acid (DNSA) solution. The mixture was incubated at 100 ◦C for 5 min to stop the reaction and then cooled at room temperature. The mixture was diluted by adding 10 mL of distilled water. The absorbance was read at 540 nm using a spectrophotometer and α-amylase activity was finally calculated.
Determination of α-glucosidase Activity
The activity of α-glucosidase in the intestine of diabetic rats was evaluated as described by Apostolidis et al. [8]. Briefly, 100 μL of intestinal homogenate (α-glucosidase source), and 2.85 ml of phosphate buffer (0.1 M, pH 6.9) was pre-incubated for 10 min at 25 ◦C. Then, 50 µl of p-nitrophenyl-D-glucopyranoside (5 mM) was added to the pre-incubated solution, and subjected to further incubation at 25 ◦C for 5 min. The absorbance was then read at 405 nm and α-glucosidase activity was calculated.
Determination of Angiotensin Converting Enzyme Activity
The liver and kidney angiotensin converting enzyme (ACE) activity was estimated as described by Cushman and Cheung [9]. Briefly, the reaction mixture consists of 50 µl of liver/kidney homogenate that was pre-incubated in 125 mM Tris-HCl at 25 ◦C for 10 min. Subsequently, 50 μL of 8.3 mM ACE substrate (hippuryl-histidyl-leucine [HHL]) was added to the mixture, and incubated at 25 ◦C for 1 h. The rate of the HHL hydrolysis reaction was terminated by adding 100 µl of 1 M HCl, whereas the resulting hippuric acid generated was obtained using 1.5 ml of ethyl acetate. Then, the mixture was centrifuged at low speed, and the supernatant was collected into clean tubes and was then evaporated to dryness. Finally, the extracted hippuric acid was recovered by the addition of 1.0 ml of distilled water in the test tube and the absorbance was measured at 228 nm using a spectrophotometer. The specific activity of the enzyme was subsequently calculated. The ACE activity was expressed as a percentage inhibitory activity.
Evaluation of Oxidative Stress Indicators
Determination of Glutathione Peroxidase Activity
Glutathione peroxidase (GPx) activity in the liver and kidney of diabetic rats was determined according to the method of Haque et al. [10]. A reaction cocktail containing 500 μl of 0.1M phosphate buffer (pH 7.4), 100 μl of 10 mM sodium azide, 200 μl of 4 mM glutathione (GSH) solution, 100 μl of 2.5 mM H2O2, and 500 μl of the tissue homogenates was made up to 2 ml with distilled water, and mixed thoroughly. The reaction mixture was incubated at 37C for 3 min, and 0.5 ml of 10% trichloroacetic acid (TCA) was added to stop the reaction. The resulting solution was centrifuged at 3000 rpm for 5 min. A portion of the supernatant (1 ml) was collected, and was mixed with 2 ml of dipotassium phosphate and 1 ml of 5,5'-dithio-bis-(2-nitrobenzoic acid) (0.04 %, w/v) were added and the absorbance was read at 412 nm against a blank. GPx activity was obtained by estimating the concentration of GSH obtained from a standard calibration curve by extrapolation and expressed as GSH consumed/mg protein.
Determination of Glutathione Transferase Activity
Glutathione transferase (GST) activity in the liver and kidney of diabetic rats was determined according to the method of Habig et al. [11]. The reaction mixture consisted of 30 l GSH (0.1 M), 150 l 1-chloro-2,4-dinitro-benzene  (CDNB, 20 mM), 2.79 ml phosphate buffer (0.1 M, pH 6.5) and 30 l supernatant of the tissue homogenate in a cuvette inside the spectrophotometer. The reaction was allowed to run for 3 minutes and the absorbance was taken every 60 seconds each time against the blank at 340 nm. GST activity was calculated and expressed as mole/min/mg protein.
Determination of Superoxide Dismutase Activity
The activity of superoxide dismutase (SOD) in the liver and kidney of diabetic rats was determined by the method of Kakkar et al. [12]. The homogenate (1 ml) was diluted in 9 ml of distilled water. An aliquot of the diluted sample (0.2 ml) was added to 2.5 ml of 0.05 M carbonate buffer (pH 10.2) to equilibrate in the spectrophotometer and the reaction was initiated by the addition of 0.3 ml of freshly prepared 0.3 mM adrenaline and was quickly mixed by inversion. The reference cuvette contained 2.5 ml of buffer, 0.3 ml of the substrate (adrenaline) and 0.2 ml of water and was used as a sample blank. The increase in absorbance at 480 nm was monitored every 30 s for 150 s, and the enzyme activity expressed as nM/min/mg protein
Determination of Catalase Activity
Catalase activity in the liver and kidney of diabetic rats was determined according to the method of Clairborne [13]. The assay mixture contained 100 µl liver and kidney homogenates, 400 µl H2O2 (800 µM) and 1000 µl of phosphate buffer (pH 7.4) pre-incubated at room temperature and 1000 µl dichromate/acetic acid (1:3, w/v) equilibrated at room temperature. Afterwards, 1 ml of the reaction mixture was added to 2 ml dichromate/acetic acid (1:3, w/v) at 60 s intervals for 3 min, and subsequently incubated in boiling water for 10 min to form a stable green-coloured solution. The solution was then cooled at room temperature, and the absorbance was read at 570 nm. The catalase activity was calculated and expressed as mM H2O2 consumed/min/mg protein.
Evaluation of Lipid Peroxidation
The extent of lipid peroxidation in the liver and kidney of diabetic rats was evaluated by measuring the formation of thiobarbituric acid reactive substances (TBARS) according to the method of Varshney and Kale [14]. Tissue homogenate (0.4 ml) was mixed with 1.6 ml of Tris-KCl buffer to which 0.5 ml of 30% TCA was added. Then 0.5 ml of 2-thiobarbituric acid (0.75%, w/v) was added and placed in a water bath for 45 min at 80 oC. After incubation, the solution was cooled on ice and centrifuged at 3000 × g. The clear supernatant was collected and absorbance was measured against a reference blank of distilled water at 532 nm. The extent of lipid peroxidation was calculated and expressed as µM malondialdehyde/mg protein.
Determination of Total Protein Concentration
Determination of total protein concentration was determined in the plasma, pancreas, intestine, liver, and kidney using Randox assay kits (Randox Laboratories Ltd., UK) following the manufacturer’s instructions.
Histopathological Evaluation
Histopathological assessment was carried out according to the method described by Frank et al. [15]. Histopathological assessment was carried out by fixing the tissues in formalin and embedding them in paraffin wax. The wax block was cut on a microtome to yield a thin slice of paraffin containing the tissue. The specimen slice was placed on a microscope slide, air-dried, and heated. Residual paraffin was dissolved by rinsing with an acid-alcohol followed by rinsing with water to remove the acid-alcohol. Slides were stained with hematoxylin and the excess hematoxylin (bluing solution) was removed by rinsing with water. Other cytoplasmic elements were stained with an alcoholic solution of eosin Y, a red stain, and light green or fast green. Excess stain and water were removed by a series of sequential washes in a dehydrating reagent and slides were rinsed with a chemical-clearing agent (toluene, xylene, or t-butanol) to remove residual dehydrating reagent remaining from the washing step; cover-slips mountants were applied after removing slides from the chemical-clearing agent. The clearing agent evaporates and the mountant hardens leaving stained and mounted slides. Histopathological assessment and photomicrography of the prepared slides were done using an Acuscope® (China) microscope with TSView® Software (China) for imaging at 100× magnification. The morphometry (in µm) was performed, using Motic 2000® (China) software.

Statistical Analysis
All determined data were done in six repetitions for the in vivo assays. Errors were recorded as standard deviation from the mean and results were expressed as Mean ± SD. Data were then subjected to analysis of variance (ANOVA) using SPSS (IBM version 21.0, USA) and GraphPad Prism 6.01 (GraphPad Software Inc., CA, USA), while the comparison of mean values was further done using the New Duncan Multiple Range Test (NDMRT) and values of p<0.05 were considered to be significantly different.
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