Audu 
  
P A Omale 
  
  
Modeling and Optimization of Some Optical Properties of Tiger nuts (Cyperus esculentus) Using Response Surface Approach

Automation of Agricultural operations is one of the latest technological advance in agriculture. This study aim is to optimize and generate mathematical models for some optical properties of tiger nuts used for harvest, processing and storage operations. Experimental values were obtained using Konica Minolta Chroma meter CR-410 for colour properties and Jenway 6850UV/Vis Spectrophotometer for absorbance and transmittance properties whereas reflectance property was calculated using Beer-Lambert equation. Experimental design used for colour properties was I-optimum response surface design while that for absorbance, transmittance and reflectance was central composite response surface design. Optical properties value ranges are L (37.16 -41.88), a (5.18 -8.18), b (13.04 -19.04), (3.23 -5.69%) for absorbance, (2.03x10 -6 -5.88x10 -4 %) for reflectance and (0.02 -0.13%) for transmittance. Linear, quadratic and quartic models were used to optimize L, a and b colour properties respectively while linear and quadratic models were used for absorbance, reflectance and transmittance properties. Optimal design value ranges for colour, absorbance, reflectance and transmittance properties were determined for selection of sensors for harvest, processing and storage equipment or machines. Conclusion of this study showed that colour is the best among all optical properties studied that could be considered for selecting sensors for separating, sorting and grading tiger nuts where as transmittance properties can be considered for bulk sensing. Also good predicting models were developed for predicting values outside the design space.

INTRODUCTION

Tiger nut (Cyperus esculentus) is a perennial grass-like plant that has been in existence for over 400 years across the globe. In Nigeria, it is cultivated highly in the Northern part between March and December with spherical tubers of dimension 8mm-16mm as reported by [START_REF] Osagie | Chemical quality parameters and fatty acid position[END_REF]. Tiger nut is classified based on colour into Black, Brown and Yellow varieties [START_REF] Osagie | Lipid from plant source, structure and distribution[END_REF]. Okafor et al., (2003) [START_REF] Ebringa | Proximate Compositions of Pea-nut, Tiger nut and walnut[END_REF] reported that the yellow variety is considered the best among the three varieties because of its large size; larger quantity of milk extract, higher protein, lower fat content and less anti nutritional factors such as polyphenol. Tiger nut tuber has very high fiber content that makes it healthy and does not lose its nutritional contents during milling process as reported by Salauet al., (2012). [START_REF] Bamishaiye | Tiger Nut: As A Plant, Its Derivatives and Benefits[END_REF] reported that tiger nut is an excellent source of minerals such as iron and calcium that are essential for body growth and development. They continues by saying tiger nut can help to prevent heart attacks, thrombosis and activate blood circulation and due to the high contents of soluble glucose, it can help prevent cancer and reduce the risk of suffering colon cancer.

Developing mechanized processes for harvesting, cleaning and sorting for tiger nut cannot be successful without an accurate knowledge and availability of its engineering properties such as physical, mechanical, thermal, optical, electrical properties among others. Studies carried out are mostly on physical properties of tiger nut but little or none has been reported for its optical properties. The optical properties are needed in the designing of machines for unit process operations such as sorting, cleaning and grading of tiger nuts which in turn will monitor and control the quality activities of the tubers in the process of their conversion into food or feeds.

Modeling is a process through which scientists represent ideas about the natural world to each other, and then collaboratively make changes to these representations over time in response to new evidence and understandings. Model is also a mathematical representation of a physical, biological or information system. Mathematical modeling is a principled activity that has both principles behind it and methods that can be successfully applied. Engineers need to model devices and processes if they are going to design those devices and processes (ambitious science teaching, 2015; cha et al., 2000).

Mathematical optimization is the selection of a best element (with regard to some criterion) from some set of available alternatives. More generally, optimization includes finding "best available" values of some objective function given a defined input, including a variety of different types of objective functions and different types of domains. Optimization problems are often multi-modal; that is, they possess multiple good solutions. They could all be globally good (same cost function value) or there could be a mix of globally good and locally good solutions. Obtaining all (or at least some of) the multiple solutions is the goal of a multimodal optimizer [START_REF] Battiti | Reactive Search and Intelligent Optimization[END_REF].

Response surface methodology (RSM) is a technique which involves complex calculation during the optimization process. This approach develops a suitable experimental design that integrates all of the independent variables and uses the data input from the experiment to finally come up with a set of equations that can give theoretical value of an output. The outputs are obtained from a well-designed regression analysis that is based on the controlled values of independent variables. Thereafter, the dependent variable can be predicted based on the new values of independent variables. Response surface methodology (RSM) involves the use of the following experimental designs: Central Composite Design (CCD); Box-Behnken (BB); Optimal Designs [START_REF] Anwar | Overview on the Response Surface Methodology (RSM) in Extraction Processes[END_REF].

The objective of this study is to determine the absorbance, transmittance, reflectance and colour properties of tiger nuts as influenced by moisture content and wavelength. To model these properties and predict other data within or outside the experimental design space that was used for machine design consideration. Finally to optimize these optical properties for optimum design consideration of harvesting, processing and storing equipment for tiger nuts.

METHODOLOGY

Sample Preparation and Conditioning

The yellow variety of tiger nuts was purchased from a farm located in Minna Local Government Area of Niger State, Nigeria immediately after harvest. They were cleaned and sorted manually and all foreign matter (such as dirt, stones, premature and broken seeds) were removed, then the tiger nuts was stored in a plastic container and taken to the agronomy Laboratory of the University of Ibadan, Ibadan, Nigeria for identification of sample. The moisture contents of the samples were determined using the ASAE standard (ASAE, 1998).

The sample was divided into five equal weights and conditioned to the desired moisture contents of 8%, 16%, 24%, 32% and 40% (db) (these are moisture range for storage, processing and harvesting of tiger nuts) each by weighing and adding a calculated amount of distilled water using the Equation 1 below.

Q = 𝑊 𝑖 [ M f -M i 100-𝑀 𝑓 ] (1) 
Where; Q is the mass of water to be added in kg, 𝑊 𝑖 is the initial mass of the sample in kg, M i is the initial moisture content of the sample in % d.b and 𝑀 𝑓 is the final moisture content in % d.b. The conditioned samples were stored in airtight polythene and kept in a refrigerator at 5°C for 168 hours (7 days) to ensure uniformity of distributed moisture throughout the samples (Sangamithra et al. 2016). The moisture content of the conditioned samples was verified using a moisture analyzer.

Determination of Transmittance, Absorbance and

Reflectance A Jenway 6850UV/Vis Spectrophotometer was used to determine the transmittance and absorbance of the tiger nuts at various moisture contents with variation of wavelengths within visible light spectra range of 320, 420, 520, 620 and 720nm.The reflectance properties were calculated using Beer-Lambert equation (Equation 2and 3).The readings were taken in five replicates.

𝐴 = log (1 𝑅 ⁄ )

(2) 𝑅 = 10 -𝐴 (3) Where, A is the Absorbance, R is the Reflectance.

2.3

Colour Measurement Konica Minolta Chroma meter CR-410 was used to give an indicator of colour in the form of L,a,b colour solid values. The L (L = Brightness; ranges from 0 which is black to 100 which is white), a (+ a = red, -a = green) and b (+ b = yellow, -b = blue).

Statistic Analysis

All statistical analysis was done using Design Expert 10 software. Experimental design for colour properties was I-optimum response surface design whereas that for Absorbance, transmittance and reflectance was central composite response surface design.

RESULTS AND DISCUSSION

Colour Properties

The results for colour properties of tiger nuts in Table 1 shows that it has a range of L (37.16 -41.88), a (5.18 -8.18) and b (13.04 -19.04). This indicates a bright yellowish red colour. Five model equations were considered for optimization of all colour properties: linear, quadratic, cubic, quartic and fifth powered equation. Two models (linear and quartic) were suggested by the software to be the most suitable for modeling 'L' colour property (Table 2) while the fifth powered equation was 'aliased' (This means that there are not enough unique design points to independently estimate all the coefficients for this model). The quartic equation was used for the optimization of the 'L' colour property because it has a low Sequential p-value (the probability that the order terms are modeling noise rather than helping explain the trend in the response.) of 0.01 and the highest Adjusted R-Squared (A measure of the amount of variation about the mean explained by the model) of 0.96. A quadratic model was used for 'b' colour property because it has the lowest Sequential pvalue of 2.2x10 -3 , highest Lack of Fit p-value (the amount the model predictions miss the observations) of 0.63, the highest Adjusted R-Squared and Predicted R-Squared (A measure of the amount of variation in new data explained by the model) or 0.97 and 0.96 respectively. For 'b' colour property both linear and quartic models were suggested by the software, but quartic was used instead because it has the lowest sequential p-value and the highest Adjusted R-Squared (Table 2).

Analysis of Variance (ANOVA) for the models (Table 3) used for optimization shows that all models used were significant (P<0.05). For the 'L' and 'b' colour properties, all the terms in the quartic models were significant (P<0.05) except the term with the power of 1 and 3 respectively. These problems were ignored because the models still have a high Adjusted R-Squared. The 'a' colour property terms in the quadratic model were all significant (P<0.05). The model equations used for optimizing the colour properties are shown in Table 4, with high adequate precision (Signal-to-noise ratio. It compares the range of the predicted values at the design points to the average prediction error). .97 R = -3.75x10 -5 -9.38x10 -6 M + 1.05x10 -6 W 1.47x10 -4 52.07 0.48 0.38 -0.24 5.94 T = -0.14 + 6.25x10 -3 M + 2.39x10 -4 W -9.38x10 -6 MW + 3.87x10 -5 M 2 + 1.23x10 -7 W 2 3. Optimization of colour properties for design selection of color sensors for sorting, separating or grading of tiger nuts during harvesting, processing and storage activities was done and displayed in Table 5. Optimal design boundaries for moisture contents of tiger nuts for harvesting, processing and storage machines are (32 -40), (16 -32) and (8 -16) respectively. For harvesting machines, selection ranges of colour senses for sorting, separating or recognition of tiger nuts from other objects are L (39.19 -41.55), a (7.82 -8.16) and b (17.58 -18.97). Processing machines selection ranges are L (38.34 -39.19), a (6.35 -7.82) and b (14.66 -17.58), while that for storage machines ranges are L (37.32 38.34), a (5.23 -6.35) and b (13.14 -14.66). Optimization was done for attaining maximum colour properties. This is because sensors are more accurate when sensing properties are at their maximum ranges.

Absorbance, Reflectance and Transmittance properties of Tiger nuts

The absorbance, reflectance and transmittance properties results are shown in Table 6. The results range from 3.23 -5.69 % for absorbance, 2.03x10 -6 -5.88x10 -4 % for reflectance and 0.02 -0.13 % for transmittance. Figure 1 show a graphical relationship between these optical properties with moisture contents and wavelength. Absorbance relationship with moisture contents of tiger nuts shows an up and down pattern. This pattern could be because moisture changes the structural shapes of the tubes. Absorbance relationship with wavelength shows a peak point at 420nm. This means that blue light are absorbed and yellow light reflected at this spectrum. This also means that the colour of the tiger nuts will appear yellow. Similar absorbance patterns were observed by Vanoli et al. (2013) for apple: [START_REF] Oomah | Characteristics of raspberry (Rubusidaeus L.) seed oil[END_REF] for raspberry seed oil: Krishnaswamy et al,(2014) for grape seed, skin, stalk extracts and HAuCl4 solution over time: [START_REF] Deepti | A Colored Avocado Seed Extract as a Potential Natural Colorant[END_REF] for Avocado Seed Extract. The reflection relationship with moisture contents shows a steady decrease with increase moisture level. This occur due to the fact that increase moisture make the skin surfaces of tiger nuts smoother and cause the light to scatter in different directions instead of one direction, therefore reduces reflection. Also reflection relationship with wavelength shows that at 420nm there was no reflection, but it starts increasing steadily until 729nm. This is the spectrum at which yellow light are reflected. Similar reflectance pattern were observed by [START_REF] Majumdar | Classification of various grain using optical properties[END_REF] for various bean types, wheat, barley, oat, rye, mustard, sunflower, canola and flax seeds: Fang (2016) for kiwi tissue. For transmittance, it increases with both increase in moisture content and wavelength. This occurs due to change in shapes cause by increase in tiger nut moisture and the increase in light intensity which make the light waves to travel with high speed. Similar observations were noticed by [START_REF] Claudia | Zincoxide nanowires electrochemically grown onto sol-gel spin-coated seed layers[END_REF] for zinc oxide: Mao et al. ( 2012) for a 28 cm long lyso crystal: [START_REF] Bhattacharjya | Properties Of Annealed Jackfruit (Artocarpus Heterophyllus Lam.) Seed Starch[END_REF] for annealed jackfruit seed starch: Goh et al. ( 2016) for chia seed polysaccharide Four models were considered for optimizing the absorbance, reflectance and transmittance responses (Table 7). These models were linear, 2 Factor interaction (2FI), quadratic and cubic. For absorbance and reflectance properties linear models were selected and used for optimizing because it has the highest adjusted R-Squared and a low Sequential p-value. Quadratic model was used for transmittance property because it has the highest adjusted R-Squared and predicted R-Squared among others. ANOVA of model terms for Absorbance, Reflectance and Transmittance are shown in Table 8. Model for Absorbance shows not significant (P<0.05) with a significant lack of fit, meaning that it is a poor model for optimization and design selection for sensors. This occurs because of the smoothness and shape of tiger nuts which scatter most of the light directed to it. Reflectance property was significant (P<0.05) but with a significant lack of fit (not good for models). This could be attributed to the fact that most of the light that meet the surface of the tiger nuts were scattered resulting to scattered reflection, but only direct reflection were calculated in this study. The transmittance model shows a significant (P<0.05) value. This result could be light that passes between two tiger nuts rather than the one that passes through a single tiger nut. Nevertheless light was transmitted. This is a good property to consider for design purpose.

Optimizations were carried out on absorbance, reflectance and transmittance properties for harvest, processing and storage machines (Table 5).Optimal design ranges are: moisture (39.626 -39.628%), wavelength (601.543 -601.847nm), absorbance (3.869 -3.87 %), reflectance (2.21x10 -4 %), transmittance (0.13%) for harvest machines. Processing machines has optimal design ranges of moisture (32%), wavelength (552.4 -563.74nm), absorbance (3.81 -3.84%), reflectance (2.41x10 -4 -2.53x10 -4 %), transmittance (0.1%). .

For storage equipment the optimal design limits are moisture (16%), wavelength (545.54 -561.27nm), absorbance (3.49 -3.52%), reflectance (3.84x10 -4 -4x10 -4 %), transmittance (0.05 -0.06%). Figure 2 shows a 3-D surface response optimal diagram of absorbance, reflectance and transmittance for harvest, processing and storage machines.

CONCLUSION

Conclusions reached in this study are:

• Colour is the best among all optical properties studied that could be considered for selecting sensors for harvesting, processing and storage operations of tiger nuts.

• Transmittance properties can be considered for bulk sensing. • Models were developed for predicting all optical properties considered in this study

• Optimal design values were generated for sensor selection for harvest, processing and storage machines. 

  , a (+ a = red, -a = green), b (+ b = yellow, -b = blue), A = Absorbance, R = Reflectance and T = Transmittance
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 1 Figure 1: Graphical relationships of some optical properties with moisture and wavelength

Figure 2

 2 Figure 2: 3 D Response surface graph for harvest, processing and storage machine

TABLE 1 :

 1 COLOUR PROPERTIES RESULTS FOR I-OPTIMAL RESPONSE SURFACE DESIGN

	Run	Factor Moisture (%)	Response L	Response a	Response b	
	1	40	41.72	8.18	18.89	
	2	24	39.2	6.68	14.38	
	3	8	37.16	5.18	13.04	
	4	24	39.26	7.17	15.06	
	5	8	37.51	5.21	13.22	
	6	24	39.86	7.29	15.29	
	7	8	37.3	5.19	13.15	
	8	40	41.88	8.18	18.97	
	9	24	39.66	7.52	15.68	
	10	16	38.17	6.43	14.58	
	11	40	41.06	8.17	19.04	
	12	16	38.51	6.53	14.74	
	13	32	39.19	7.81	17.58	
	TABLE 2: MODELS FIT SUMMARY FOR COLOUR PROPERTIES	
	Source	Sequential p-value	Lack of Fit p-value	Adjusted R-Squared	Predicted R-Squared
				Response L		
	Linear	2.13x10 -7	0.03		0.91	0.89	Suggested
	Quadratic	0.74	0.01		0.91	0.88
	Cubic	0.13	0.01		0.92	0.84
	Quartic	0.01			0.96		Suggested
	Fifth							Aliased
				Response a		
	Linear	1.48x10 -7	0.03		0.92	0.9
	Quadratic	2.2x10 -3	0.63		0.97	0.96	Suggested
	Cubic	0.45	0.55		0.97	0.96
	Quartic	0.55			0.96	
	Fifth							Aliased
				Response b		
	Linear	4.37x10 -8	0.01		0.94	0.93
	Quadratic	0.03	0.03		0.97	0.95	Suggested
	Cubic	0.56	0.01		0.95	0.92
	Quartic	0.01			0.98		Suggested
	Fifth							Aliased
	TABLE 3: ANOVA OF MODEL TERMS FOR COLOUR PROPERTIES	
	Source	Sum of Squares	DF	Mean Square	F-Value	p-value Prob> F
			Response L		
	Model	28.95	4	7.23		72.33	2.56x10 -6	significant
	Moisture	0.07	1	0.07		0.68		0.43
	M 2	0.89	1	0.87		8.86		0.02
	M 3	0.96	1	0.96		9.6		0.01
	M 4	0.97	1	0.97		9.74		0.01
	Pure Error	0.8	8	0.1			
	Cor Total	29.75	12				
			Response a		
	Model	15.04	2	7.52		175	1.65x10 -8	significant
	Moisture	14.51	1	14.51		337.73	4.9x10 -9
	M 2	0.72	1	0.72		16.68	2.2x10 -3
	Residual	0.43	10	0.05			
	Lack of Fit	0.05	2	0.02		0.5	0.63	not significant
	Pure Error	0.38	8	0.05			
	Cor Total	15.47	12				
			Response b		
	Model	58.83	4	14.71		126.12	2.93x10 -7	significant
	Moisture	3.18	1	3.18		27.26	8.02x10 -4
	M 2	1.54	1	1.54		13.22	6.62x10 -3
	M 3	1.5x10 -5	1	1.5x10 -5	1.29x10 -4	0.99
	M 4	1.16	1	1.16		9.92	0.01
	Pure Error	0.93	8	0.12			
	Cor Total	59.77	12				

TABLE 4 :

 4 MODEL EQUATIONS USED TO OPTIMIZE SOME OPTICAL PROPERTIES OF TIGER NUTS.

	Models Equations

.77 -1.76 M + 0.16 M 2 -5.18x10 -3 M 3 + 5.83x10 -3 M 4

  

		0.32	0.81	0.973	0.96		21.56
	a = 3.85 + 0.19 M -2.02x10 -3 M 2	0.21	3	0.972	0.967	0.959	29.51
	b = 1						

.18 + 2.73 M -0.2 M 2 + 6.1x10 -3 M 3 -6.35x10 -5 M 4

  

		0.34	2.18	0.984	0.976		27.53
	1/A = 0.2 -1.54x10 -3 M + 2.02x10 -4 W	0.03	12.55 0.37	0.24	-0.37	4

TABLE 5 :

 5 OPTIMUM DESIGN VALUES FOR SENSOR SELECTION FOR SOME OPTICAL PROPERTIES OF TIGER NUTS

							Design Parameters			
	Machine Type	boundaries Optimum Design		Colour			Absorbance, Reflectance and Transmittance	
			Moisture				Moisture	Wavelength	Absorbance	Reflectance	Transmittance
			(%)	L	a	b	(%)	(nm)	(%)	(%)	(%)
	Harvesting	Lower Limits	32	39.19	7.82	17.58	39.626	601.847	3.869	2.21x10 -4	0.13
	Machines	Upper Limits	40	41.55	8.16	18.97	39.628	601.543	3.87	2.21x10 -4	0.13
	Processing	Lower Limits	16	38.34	6.35	14.66	32	552.4	3.84	2.41x10 -4	0.1
	Machines	Upper Limits	32	39.19	7.82	17.58	32	563.74	3.81	2.53x10 -4	0.1
	Storage	Lower Limits	8	37.32	5.23	13.14	16	545.54	3.52	3.84x10 -4	0.05
	Equipments	Upper Limits	16	38.34	6.35	14.66	16	561.27	3.49	4x10 -4	0.06
	TABLE 6: ABSORBANCE, REFLECTANCE AND TRANSMITTANCE PROPERTIES RESULTS FOR CENTRAL COMPOSITE	
		RESPONSE SURFACE DESIGN								
		Factor	Factor		Response	Response	Response		
	Run	Moisture (%)	Wavelength (nm)	Absorbance (%) Reflectance (%) Transmittance (%)		
	1	24	320		3.38		4.13x10 -4	0.05		
	2	16	620		3.24		5.7x10 -4	0.07		
	3	32	620		3.45		3.55x10 -4	0.11		
	4	24	520		3.62		2.4x10 -4	0.07		
	5	32	420		5.69		2.03x10 -6	0.09		
	6	40	520		4.02		9.46x10 -5	0.13		
	7	24	520		3.62		2.39x10 -4	0.07		
	8	16	420		4.81		1.54x10 -5	0.02		
	9	24	720		3.23		5.88x10 -4	0.1			
	10	24	520		3.62		2.4x10 -4	0.07		
	11	8	520		3.37		4.31x10 -4	0.03		
	12	24	520		3.62		2.38x10 -4	0.07		
	13	24	520		3.62		2.4x10 -4	0.07