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2.0 MATERIALS AND METHODS
2.1 Sample collection
Cassava varieties were obtained from lower Subukia in Nakuru County of Kenya where 27 sweet varieties were being cultivated under selection trials. The cassava varieties had been collected from various places in the Country. Roots of ten best varieties in terms of yield, low or no disease expression, high dry matter content and adaptability were harvested at 12 months after planting. These cassava varieties were; Selele, Okonyo welo, Nyatanga, Karembo, Nyar AICAD, Obaro dak, KME-1, MM99/4884, MM99/0072, MM96/0067. Some of the varieties are local while other are improved varieties as shown in Table 1.
Table 1: Selected cassava varieties with high yields and high dry matter content
	
	Variety
	Type
	Source

	1.
	Selele
	Local variety
	Migori county

	2.
	Okonyo welo
	Local variety
	Migori County

	3.
	Nyatanga
	Local variety
	Migori County

	4.
	Karembo
	Local variety
	Kilifi County

	5.
	Nyar AICAD
	Local variety
	Migori County

	6.
	Obaro dak
	Local variety
	Migori County

	7.
	KME-1
	Improved variety
	Busia County

	8.
	MM99/4884
	Improved variety
	KALRO, Njoro

	9.
	MM99/0072
	Improved variety
	KALRO, Njoro

	10.
	MM96/0067
	Improved variety
	KALRO ,Njoro


KALRO-Kenya Agricultural Livestock Research Organization
2.2 Sample Preparation
Processing of cassava was done within 24 hours after harvesting according to [1]. The cassava roots were peeled and washed using portable water. The roots were then grated using a motorized grater and then spread in a clean polythene paper in a greenhouse for it to dry for 2-3 days. The dried cassava grates were then milled into flour using an electrical laboratory miller and packaged in resalable bags awaiting laboratory analysis.
2.3 Proximate analysis
Proximate analysis consisted of moisture, crude protein, crude lipid, crude fiber and ash content of the cassava flour. 
2.3.1 Determination of Moisture content
Moisture content was determined using(AOAC, 2010). Two grams of cassava flour was weighed in moisture dishes then placed in an oven at (105oC for 4 h). The % Moisture Content (MC) was calculated as follows (Equation 1):
………………………………… Equation 1
Where: 
W1was the weight of the sample, W2 was the weight of sample plus dish and W3 was the weight of the dry sample plus dish. 	
2.3.2 Determination of ash content
Approximately 3 g of dried cassava flour was weighed into a tared porcelain crucible. The crucibles were placed in a cool muffle furnace[3]. The samples were heated for 12–18 h at about 550 °C. The muffle furnace was turned off and waited to open it until the temperature had dropped to at least 100 °C. The furnace door was opened slowly to avoid losing the powdery ash that may be disturbed by air movement. Using safety tongs the crucibles were quickly transferred to a desiccator with a desiccant. The desiccator was closed and the crucibles allowed cooling prior to weighing. The ash content was calculated as follows (Equation 2):
………………………. Equation 2

Where:
WAA was the weight after ashing, TWOC was the tare weight of crucible, OSW was the original sample weight and DMC was the % solids/100.

2.3.3 Determination of crude protein content
Crude protein content was obtained using the Kjeldal method that was performed according to [4] Approximately 0.5g of the sample was digested using 15 ml concentrated sulfuric acid (H2SO4) containing one selenium catalyst tablets in a heat block digester at 420oC for 2 h. After cooling, H2O was added to the hydrolysates to make 100ml volume before neutralization and titration. Neutralization was done using sodium hydroxide (40%) and the ammonia that was released was distilled into boric acid (1%) containing a mixed indicator: methyl blue and methyl red. The borate anion formed was titrated with 0.01N HCL. A reagent blank was also run concurrently with the sample to subtract reagent nitrogen from the sample nitrogen.
The sample nitrogen was calculated as follows (Equation 3):
Moles of HCl =moles NH3= moles N in the sample
………………... Equation 3
Where:
N (HCl) = normality of HCl in moles/1,000 mL
Corrected acid volume = (mL std. acid for sample) – (mL std. acid for blank)
14g = atomic weight of nitrogen
 The amount of total nitrogen in the sample was multiplied with a conversion factor of 5.3 [5] in order to determine total crude protein content of cassava flour. 

2.3.4 Determination of crude fat content
Soxhlet extraction method as described by [3] was used to determine the percentage crude fat content using petroleum ether as the extraction solvent. Approximately 5 g of dried cassava flour sample was placed in a thimble and placed in the Soxhlet extractor. A clean round bottomed flask (150ml) was filled with 90 ml petroleum ether and placed on a heating mantle to allow the petroleum ether to boil. The extraction process was carried out for almost 6 h and the condensing unit removed from extraction unit to allow the sample to cool down. The sample was then placed in the oven to evaporate the remaining petroleum ether and placed in the desiccator to cool. Calculation of percentage fat was as follows (Equation 4):
………………………….. Equation 4
 Where;
W1 was the weight of flask+ extracted fat, W2 was the weight of flask and W3 was the weight of the sample
2.3.5 Determination of crude fiber content
Two (2) grams of the sample was digested in sulphuric acid and sodium hydroxide solutions and the residue was ashed to determine the crude fiber [3]. The difference in the weight after ashing determines the crude fiber (Equation 5).
…………………………. Equation 5
Where;
= sample weight after drying = sample weight after ashing = sample weight
2.3.6 Determination of carbohydrate content
Carbohydrate content was determined by the difference by subtracting the total percentage (g/100g dry matter) of moisture, crude protein, crude lipid, crude fiber, ash from 100 percent.
2.4 Starch analysis
The analysis of starch content was conducted using the digestible and resistant starch Assay kit Megazyme (K-DSTRS) as described by [6]. This method is based on the research conducted by [7] with some modifications. The assay kit allowed for the determination of digestible, resistant, and total starch in the samples. Rapidly digestible starch (RDS) refers to starch that is digested within 20 minutes, slowly digestible starch (SDS) refers to starch that is digested within 20-120 minutes, and total digestible starch (TDS) refers to starch that is digested within 4 hours. Resistant starch (RS) is defined as starch that is not digested within 4 hours.. Cassava flour samples approximately 0.5 g were weighed into 30 × 84 mm (40 ml) polypropylene tubes, and the weight recorded. A 20 × 6 mm stirrer bar was added to each tube, the sample was wet with 0.5 ml of ethanol (95% v/v), and 17.5 ml of maleate buffer was added to each tube. The tubes were capped and placed in a special polypropylene holder on a submersible magnetic stirrer in a water bath and allowed to equilibrate to 37°C within 5 min with stirring at 170 rpm. An aliquot (2.5 ml) of pancreatic α-amylase and Amyloglucosidase (PAA/AMG) solution (PAA, 2 KU; AMG, 0.85 KU) was added, and the tubes were capped and incubated at 37°C with stirring at 170 rpm on the submersible magnetic stirrer. 
Determination of DS
Aliquots (1.0 ml) of the stirred reaction solution were removed using a positive displacement dispenser at 20 min (for determination of RDS), at 120 min (for determination of SDS; SDS = DS at 120 min − DS at 20 min), and at 240 min (for determination of TDS). These aliquots were immediately added to 20 ml of 50 mM acetic acid solution, and the tubes were capped and mixed thoroughly. These were stored at 4°C awaiting analysis. Aliquots (2 ml) of each solution were transferred to 2.0-ml polypropylene microfuge tubes and centrifuged at 8,000 g for 5 min. Duplicate aliquots (0.1 ml) were then transferred to the bottoms of 16 × 100 mm glass test tubes, 0.1 ml of AMG (10 U) in 200 mM sodium acetate buffer (pH 4.5) was added, and the tubes were incubated at 50°C for 30 min. GOPOD reagent (3.0 ml) was added, and the tubes were incubated at 50°C for 20 min. A reagent blank solution was prepared by mixing 0.2 ml of 200 mM acetic acid (pH 4.5) with 3.0 ml of GOPOD reagent and incubating at 50°C for 20 min. Glucose standards (in quadruplicate) were prepared by mixing 0.1 ml of glucose solution (1 mg/ml) with 0.1 ml of 200 mM sodium acetate buffer (pH 4.5) and 3.0 ml of GOPOD reagent and incubating at 50°C for 20 min. The absorbance of each solution was measured at 510 nm against the reagent blank.
Calculate DS (RDS, SDS & TDS; % w/w, “as is” basis) in test samples as follows:

………………………………………………………………………. Equation 6

Where ΔA = absorbance (reaction) read against the reagent blank after 20 min (RDS); after 120 min − 20 min (SDS); after 240 min (TDS), F = conversion from absorbance to µg (the absorbance obtained for 100 µg of glucose in the GOPOD reaction is determined; F = 100 [µg of glucose] divided by the GOPOD absorbance for this 100 µg of glucose), and EV = extraction volume (ml) = 20.5.
W = “as is” weight of sample analyzed in g, that is, ~0.50 g (weighed accurately).
D = dilution of sample (21; 1.0 ml of sample added to 20 ml of dilute acetic acid).
0.1 = volume of sample analyzed. 100 = conversion to g/100 g. 1/1,000,000 = conversion from µg to g. 162/180 = factor to convert from free glucose, as determined, to anhydro-glucose as occurs in starch.
Determination of RS
Aliquots (4 ml) were removed from the stirring reaction solutions using a positive displacement dispenser after 240 min (4 hr) of incubation, and transferred to a 16.5 × 101 mm, 13-ml polypropylene tubes containing 4.0 ml of ethanol (95% v/v). The tubes were capped, and the contents thoroughly mixed by repeated inversion. Tubes were centrifuged at 3,250 g for 10 min in a bench centrifuge, and the supernatant carefully decanted immediately after the centrifuge had stopped. Each pellet was re-suspended in 2 ml of 50% v/v ethanol in water by stirring on a vortex mixer. Another 6 ml of 50% v/v ethanol was then added to the tube, which was then capped, and the contents mixed on a vortex mixer. The tubes were centrifuged, and the pellets recovered by centrifugation. This process of suspension and centrifugation was repeated, and the supernatant again carefully decanted. Free liquid in the tube was removed by inverting the tubes on absorbent paper while ensuring that the pellet was not dislodged. A magnetic stirrer bar (6 × 12 mm) and 2 ml of cold 1.7 M NaOH were added to each tube, and the pellets were re-suspended (and the RS dissolved) by stirring the tube contents for approx. 20 min in an ice/water bath over a magnetic stirrer. The solutions were neutralized with 8 ml of 1.0 M sodium acetate buffer (pH 3.8) containing 5 mM CaCl2, starch hydrolyzed, and glucose measured as described for rapid RS method.
Calculate RS (% w/w, on an “as is” basis) in test samples as follows:

……………………………………………………………….Equation 7

Where ΔA = absorbance (reaction) read against the reagent blank, F = conversion from absorbance to µg (the absorbance obtained for 100 µg of glucose in the GOPOD reaction is determined; F = 100 [µg of glucose] divided by the GOPOD absorbance for this 100 µg of glucose), EV = extraction volume (ml) = 20.5, 4 = volume of solution taken from the reaction mixture for RS analysis, FV/0.1 = 0.1 ml aliquots taken from final volume (FV, either 100 or 10.3 ml) for the determination of glucose using GOPOD reagent, 1/1,000,000 = conversion from µg to g, 100/W = conversion to g/100 g, W = “as is” weight of sample analyzed in g (~0.50 g weighed accurately), and 162/180 = factor to convert from free glucose, as determined, to anhydro-glucose as occurs in starch.
2.5 Determination of minerals
The digestion of dried cassava flour samples was conducted using a mixture of acids, specifically nitric acid (HNO3) and hydrochloric acid (HCl), in a ratio of 1:1 and 1:4, respectively, known as aqua regia [8]. Approximately 1 gram of the sample was placed in a glass tube, and 40 mL of the acid mixture was added. The tubes were then heated at 400°C until the solution became translucent and the release of a brownish smoke ceased, indicating complete digestion of the organic matter. Subsequently, the tubes were allowed to cool to room temperature. The digested samples were quantitatively filtered into 50 mL volumetric flasks using ash-free quantitative filter paper (Whatman No.). The solutions were then adjusted to a final volume of 50 mL using distilled water.
The levels of calcium (Ca), iron (Fe), and zinc (Zn) were determined using Atomic Absorption Spectrophotometer (AAS). Standard solutions of calcium, iron, and zinc were prepared at various concentrations. Each standard solution was then analyzed using an atomic absorption spectrophotometer equipped with a hollow cathode lamp. The Atomic Absorption Spectrometer (Thermo Jarrel ash S11 AA/AE) was set to measure the absorbance of calcium at a wavelength of 422.7 nm, iron at 248.3 nm, and zinc at 213.9 nm, using an air-acetylene flame. The standard solutions, with known absorbance values and concentrations, were used to construct a calibration curve for each element.
[9]
2.6 Determination antinutrients
2.6.1 Determination of cyanide content
The cyanide content of the cassava flour samples was determined using the Alkaline Titration method according to the [9]  . Ten grams of cassava flour were accurately weighed and placed into distillation tubes. Then, 100 ml of distilled water was added to each tube and allowed to settle for 2 hours. Subsequently, 25 ml of a 2.5% sodium hydroxide (NaOH) solution was measured and added to a conical flask. The flask was connected to a distillation unit to collect the distillate. The distillation tubes containing the cassava flour samples were also connected to the distillation unit and distilled until 200 ml of distillate was obtained. To each distillate, 8 ml of 5% potassium iodide (KI) solution was added. The resulting solution was titrated using a 0.02 M silver nitrate (AgNO3) solution. The titration endpoint was indicated by a light yellow colour. The amount of cyanide was then calculated as follows (Equation 6);	
Mg/100g HCN =…………………………….. Equation 6
				Where 1 ml of AgNO3 = 1.08 mg HCN

2.6.2 Determination of Phytate content
The determination of phytic acid in cassava flour samples was conducted based on a method described by [10] with certain modifications. Approximately 1g of the cassava flour sample was accurately weighed and phytate was extracted by shaking it with 50 mL of 3% Trichloroacetic acid (TCA) using a Ratek Orbital Incubator for 40 minutes. The resulting suspension was then subjected to centrifugation at 3000 × g for 10 minutes using an Eppendorf centrifuge. A 10 mL aliquot of the supernatant was transferred to a 50 mL centrifuge tube, and 4 mL of FeCl3 solution was rapidly added. The contents of the tubes were heated in boiling water for 45 minutes, followed by another centrifugation step at 3000 × g for 10 minutes using the Eppendorf centrifuge. The clear supernatant was carefully decanted, and the precipitate was washed twice by dispersing it in 25 mL of 3% TCA. The precipitate was then heated in boiling water for 10 minutes, centrifuged, and washed again with 20 mL of distilled water.
Next, the precipitate was dispersed in 5 mL of distilled water, and 3 mL of 1.5N NaOH was added. The volume was topped up to 30 mL with distilled water and heated for 30 minutes in boiling water. The contents were filtered using Whatman No. 2 filter paper with a pore size of 8 μm, followed by washing with 70 mL of hot distilled water. The precipitate was transferred and dissolved into a 100 mL volumetric flask containing 40 mL of hot 3.2N HNO3. The flask was cooled to room temperature, and the volume was made up to 100 mL with distilled water. An aliquot of 5 mL was transferred to another 100 mL volumetric flask and mixed with 65 mL of distilled water. Then, 20 mL of 1.5 M potassium thiocyanate (KSCN) was added, and the volume was made up to 100 mL with distilled water. The resulting solution was analyzed for color intensity at 480 nm using a UV/VIS spectrophotometer (model PharmaspecUV-1700, Shimadzu, Japan) within one minute. A reagent blank, in which distilled water replaced the sample, was included.
A calibration curve was constructed using an iron (III) nitrate stock solution. The amount of iron (in micrograms) present in the test solution was determined from the calibration curve, and phytate P was calculated using Equation 7.

Phytate P mg/100g sample = [Fe (μg) × 15]/Weight of sample (g).
…………………………… Equation 7
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