CHAPTER THREE 
[bookmark: _GoBack]                                               MATERIALS AND METHODS
3.1 Material
3.1.1 Apparatus and equipments
The apparatus and equipments used in the study are detailed in tables 3.1 and where carefully selected to ensure the accuracy reliability of the experiments. 
Table 3.1 List of apparatus and equipments
Equipment				                Model			       Manufacturer           
Micro-pore filter							           thermofisher scientific
Mechanical Mixer/Homogenizer		   	 	                         Sigma-Aldrich
Centrifuge									 Waters corporation
Vacuum Hydrolysis Tubes						            themo fisher scientific
Oven or Heating Block							Sigma-Aldrich
Autosampler (HPLC)								Algilent technologies
GC-FID 
Mass spectrometer (GC-MS)
HPLC system
Volumetric flask
Soxhlet apparatus
Boiling flasks and condensers
High-Performance Liquid Chromatography
Analytical balance						                     multuiple labequipment 



Table 3.1.2 Chemicals And Reagents
The Reagents/Chemicals Used In the Study Are Shown In Table 3.2
Table 3.2 list of reagents/chemicals
Reagents					 Grade			                       Manufacturer
Hydrochloric Acid								
Extraction solvent							             thermofisher scientific
0.5 N Methanolic sodium hydroxide 						  Sigma-Aldrich
Sodium sulfate							             
Acetonitrile
Sodium acetate buffer								Algilent technologies
Hexane
Sodium Hydroxide
Buffer Solutions								Sigma-Aldrich
Boron trifluoride (BF₃)
Trichloroacetic acid


3.2 Method 
3.2.1 Sourcing Of Ingredients
Raw material (groundnut) for the production of lacally produced RUTF was purchased from Kasuwan Daji Market, located in Sokoto State, Nigeria on 23rd April, 2025. Milk was purchased from minimart Usmanu Danfodiyo University parmenant site and it is a product of Friesland compina WAMCO Nigeria Ltd. Sugar was a product of Dangote sugar mill Nigeria Ltd. Vegetable Oil (Doven kings oil)was procured from a reputable supplier in sokoto (Pz cussons Nigeria Ltd). Vitamin premix was obtained from UNICEF.
3.2.2 Identification and Authentication of sample
The groundnut was transported to UDUS and was identified in the department of biology on 23rd, April 2025 and was documented and a voucher number (UDUH/ANS/0982) was given.
3.2.3 Quality Assurance
The groundnut samples were manually sorted in order to remove immature seeds, stones and other foreign debris. After this, the groundnut was rinsed with warm water thrice (3×) in order to reduce microbial contaminations. It was then dehydrated at 40℃ using a dehydrator (Model: SS.08X).
3.2.4 Production of RUTFs
The therapeutic food sample was formulated according to WHO recipe combinations for ready to-use therapeutic foods (Manary, 2006). The following ingredients combination were obtained: 30% full fat milk, 25% peanut, 15% vegetable oil, 28% sugar, 2% mineral mix served as control samples. A total of 100 grams of RUTF was produced and packaged into clean, airtight, food-grade polyethylene bags to prevent contamination and oxidation.
3.2.4 Determination of Vitamin Profiles of RUTF using HPLC
3.2.4.1	Water soluble vitamin analyses
The procedure outlined was by Aslam et al. (2008); Ringling and Rychlik (2013) were followed to determine water soluble vitamin. The vitamin B group was extracted according to a previously described method Sami et al, (2014) with slight modifications. In brief, 10 g of RUTF was extracted with acetonitrile, and the extract will be stabilized with ethyl acetate. The resulting extract was introduced into a 25mL standard volumetric flask and made up to the mark with solvent. The mixture was filtered through Whatman No. 1 filter paper and subsequently through a 0.45µm micro-pore filter. Five micro-liters of the filtrate were injected into the HPLC system. Chromatography separation was performed on a reversed-phase C18 column (Agilent ZORBAX Eclipse Plus, 250 × 4.6mm, 5µm) using an isocratic mobile phase (A/B 33/67; A: MeOH, B: 0.023 M H₃PO₄, pH 3.54) at a flow rate of 2ml/min. Ultraviolet absorbance was recorded at 270nm. Quantification of vitamin B content was performed by comparison to vitamin B standard solutions (thiamine, riboflavin, niacin, pyridoxine, cobalamin) using equation 1 by Aslam et al. (2008); Ringling and Rychlik (2013).
Calculation = Peak Area × standard concentration     
                                  Standard peak Area
Equation 1: Where; 
Standard concentration = 0.40 
Standard Peak Area = 105.5885

3.2.4.2 Determination of fat-soluble vitamins in RUTF
In 10 g RUTF, 1 g of pyrogallic acid, 70mL ethanol,and 30mL (50%) KOH was added, stirred, and refluxed for 40minutes using a water bath at 50 ± 2∘C (Sami et al., 2014). Extracts was obtained three times using various ether concentrations (50mL, 30mL, and 20mL). Distilled water was used to neutralize the extract, which was dehydrated using anhydrous sodium sulfate. Furthermore, the extract will be concentrated to approximately 5mL by using a water bath (50 ± 2∘C), diluted to 10mL by using methanol, filtered using a 0.45𝜇mmembrane, and finally subjected to HPLC analysis.
HPLC analysis was performed with the Agilent 1100series HPLC system (Agilent; USA), including a diode array detector. The column was made of stainless steel. For fat-soluble vitamins quantification, theAgilent TC-C18 column will be used(5𝜇m, 4. 6 × 150mm) with an acetonitrile-methyl alcoholethylacetate (88 : 10 : 2) solvent, and UV absorbance was recorded at 325 nm for vitamin A, 290nmfor vitamin E, and 244nm for vitamin K. Separation of all vitamins will be based on isocratic elution and the solvent flow rate was maintained at 2mL/min. Twenty micro liters of RUTF oil was directly be injected into the HPLC column. Fat soluble vitamins were identified by comparing their retention times with those of authentic standards. All procedures were carried out under subdued light conditions. Standard solutions of vitamins was prepared by serial dilution to concentrations of 0.1, 1, 2, 5, and 10mg per liter of vitamins E, K, and A, respectively. The concentration of fat soluble vitamin was obtained using equation 2.
Calculation = Peak Area × standard concentration
Standard peak Area

Equation 2: where;

Standard concentration = 0.40
Standard Peak Area = 105.5885
3.2.4.3 RUTF vitamin C analyses
Vitamin C (ascorbicacid) was extracted following the procedure previously described by Sami et al.(2014) with slight modification. In brief, RUTF sample (10 g) was extracted with acetonitrile, and the extract was stabilized with ethyl acetate. The mixture was placed in a conical flask and agitated at 10,000 rpm for 15 min. Samples was extracted in triplicate to ensure reproducibility. The extract was transferred into a 25mL standard volumetric flask and made up to the mark with solvent. It was sequentially filtered through What man No. 4 filter paper and a 0.45µm micro-pore filter. Five micro liters (5µL) of the filtrate was injected into the HPLC system.
The ascorbic acid standard was prepared by dissolving 100 mg of L-ascorbic acid in meta phosphoric acid (0.3 M)/acetic acid (1.4 M) solution at a final concentration of 0.1mg/ml. Calibration curves was constructed over four concentration levels to generate a linear range for quantification. Chromatography separation was performed on a reversed-phase C18 column under isocratic conditions with mobile phase A/B (33/67; A: 0.1 M potassium acetate, pH 4.9; B: acetonitrile:water 50:50) at a flow rate of 2mL/min. UV absorbance was monitored at 254nm at 25oC. Quantification of ascorbic acid was performed by comparison with the prepared standard solutions. The concentration of vitamin c analyses was obtained using equation 3
Calculation = Peak Area × standard concentration
Standard peak Area

Equation 3: where;


Standard concentration = 0.40
Standard Peak Area = 105.5885


3.2.5 Determination of Fatty Acid
3.2.5.1 Lipid extraction and fatty acid methyl ester (FAME) preparation
Lipids was extracted from the RUTF sample using a modified Folch method (chloroform:methanol 2:1, v/v) as previously described by Hewavitharana et al.(2020). Briefly, 10 g of RUTF sample was weighed into a clean glass centrifuge tube, and 20 ml of chloroform:methanol (dichloromethane) (2:1 v/v) was added. An internal standard (heptadecanoic acid, C17:0) was spiked into each sample to allow quantification. The mixture will beshaked vigorously for 2 minutes, and then allowed to stand for 30 minutes to ensure complete extraction. A volume of 0.2 × the extract volume of 0.9% NaCl solution was added to facilitate phase separation. After centrifuge (5 min, 3,000 × g), the lower chloroform layer was collected. The residue was re-extracted with a further 10mL of chloroform, and combined organic phases was dried over anhydrous sodium sulfate, filtered, and evaporated under a gentle stream of nitrogen to near dryness.
The lipid residue was then be methylated to form fatty acid methyl esters (FAMEs) using the acid-catalyzed method. Specifically, the dried lipids was treated with 2ml of 3 N methanolicHCl, heated at 50 °C for 60 min in a sealed vial. After cooling, FAMEs was extracted twice with 2 × 2ml of hexane, the combined hexane extracts will be washed with saturated sodium chloride solution, dried (anhydrous Na₂SO₄), filtered, and concentrated under nitrogen to ~1mL for GC-FID analysis.
3.2.5.1 Gas Chromatography-Flame Ionization Detection (GC-FID) analysis
Frames will be analyzed on a GC-FID system (HP5890 Series II) equipped with a capillary column suitable for fatty acid separation. The injection volume was 1µL, in split mode (split ratio 10:1). Injector temperature (injector type: one column injector) was maintained at 220°C, and detector (FID) temperature at 270°C. The oven temperature program was as follows: initial temperature 120°C, held for 1min; ramp at 10°C/min to 175°C, held for 10 min; then ramp at 5°C/min to 210 °C, hold 2 minutes; finally ramp at 3°C/min to 240°C, and hold for 10 min. Carrier gas (Nitrogen) was used at constant flow (approx. 1.0 mL/min). FAME peaks was identified by comparison with retention times of commercial FAME standard mixtures. Quantification was carried out using the internal standard method, with correction for methyl ester mass vs fatty acid mass where applicable. The GC-FID analysis was obtained using equation 4.
Calculation = Peak Area × standard concentration
                                Standard peak Area


Equation 4: where;

Standard concentration = 0.84 mg/g 
Standard Peak Area = 332.7905
3.2.6 Amino Acid Profile
The method described by Benitez (1989) was used for amino acid determination. The sample was deflated using mixture of chloroform and methanol in ratio 2:1. Using soxhlet extractor, 5 g of the RUTF sample was placed in extraction thimble and extracted for 10-12 hours.The deflated RUTF samples (2g) was weighed into a glass ampoule and exactly 7ml of 6N HC l was added in which oxygen was expelled by passing nitrogen into the ampoule (this is to avoid oxidation of some amino acids during hydrolysis). The glass ampoule was sealed using a Bunsen burner and was put in an oven at temperature of 105 ± 2oC for 22 hours. The filtrate was evaporated using a rotary evaporator and the residues was dissolved in 5ml acetate buffer at pH 2.0 and was stored in sterile specimen bottles it was labeled and kept in a freezer at 4oC prior to analysis. Exactly 60 µL was loaded into the Amino acid analyzer (Applied Bio system PTH Amino Acid Analyzer).
3.2.6.1 Nitrogen determination
An aliquot amount (115mg) of the ground sample will be weighed, wrapped in Whatman No. 1 filter paper and inserted into a clean dry Kjeidhal digestion flask. Exactly 1ml of concentrated sulphuric acid (H2SO4) was added. In the ratio of 10:5:1, a known amount (0.5g) of catalyst mixture containing sodium sulphate (N2SO4), copper sulphate (CuSO4), and selenium oxide (SeO2) respectively, will be added into the flask to enhance digestion. Anti-bumping granules (6 pieces) were added into the flask. The flask was heated in Kjeidhal digestion apparatus for 3 hours until the liquid turned pale green. The digested samples was cooled and diluted with distilled water to mark 10ml in a standard volumetric flask.
A known volume (10mL) of the diluted solution with 10mL of 45% sodium hydroxide (NaOH) will be put into Markham distillation apparatus and was distilled into 10ml of 2% boric acid containing 4 drops bromocresol green or methyl red indicator until about 70ml of the distillate is collected and color change (green) was carefully observed.
The distillate will be titrate against standard 0.01N HCl until it reaches end point (green to Grey color) which will give the actual amount of protein in the sample. The color changes from green to Grey at the end point and the titter value will be recorded. The percentage nitrogen was computed using equation 5.
[image: C:\Users\library\AppData\Local\Temp\ksohtml14212\wps11.jpg]
Equation 5: 
%crude protein=[image: C:\Users\library\AppData\Local\Temp\ksohtml14212\wps12.jpg]
Where: Va= volume of acid; N= normality of HCl used for the titration; DF= dilution factor for the sample after digestion; 0.014= mil-equivalent weight of nitrogen; CF= conversion factor (6.25).
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