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Tigernut (Cyperus esculentus) is one among the underutilized crops in Nigeria despite its high economic value. The compressive strength as influenced by moisture content at 8%, 16%, 24%, 32% and 40% (db) respectively was investigated. The tigernut samples were collected directly from a farm in Minna, Niger State and cleaned to remove all foreign materials, initial moisture content was determined using ASAE 1990 standard after which samples were conditioned to the desired moisture levels following standard method. A Universal testing machine was used for the compressive test. The Maximum compressive stress ranged from 1.76 to 2.87 MPa, Compressive strain at maximum compressive stress ranged from 0.231 to 0.344 mm/mm, Energy at maximum compressive stress ranged from 0.157 J to 0.222 J, Compressive load at maximum compression stress ranged from 144 N to 234 N, Compressive extension at maximum compression stress ranged from 2.18 mm to 2.87 mm. Compressive stress at break ranged from 1.64 MPa to 2.22 MPa, Compressive load at break ranged from 134 N to 181 N. Compressive strain at break ranged from 0.27 to 0.387 mm/mm, Load at maximum compressive stress ranged from 144 N to 234 N, Extension at maximum compressive stress ranged from 2.18 mm to 2.87 mm, Compressive extension at break ranged from 2.12 mm to 3.03 mm. Load at break ranged from 134 N to 181 N, extension at break ranged from 2.27 mm to 2.81 mm, Energy at break ranged from 0.178 J to 0.245 J, Compressive stress at yield ranged from 1.79 MPa to 3.33 MPa and compressive load at yield ranged from 156 N to 271 N. ANOVA (at p<0.05) revealed a significant effect of moisture content on the maximum compressive stress, compressive load at maximum compressive stress, load at maximum compressive stress, extension at break, compressive stress at yield and compressive load at yield. Correlation and regression analysis revealed a positive linear relationship between all the measured parameters and moisture content with a stronger correlation coefficient for compressive stress at yield and compressive load at yield. These information is needed in the design and adjustment of machines used for harvesting, handling, processing and storage of tigernut.

INTRODUCTION

Tigernut (Cyperus esculentus) is a perennial grass-like plant that is cultivated between March and December in Nigeria with spherical tubers of dimension 8 mm-16 mm as reported by [START_REF] Osagie | Chemical quality parameters and fatty acid position of oils of under exploited tropical seeds[END_REF]. It is a pale yellow cream kernel surrounded by a fibrous sheath that have been cultivated for over 400 years ago in both commercial and substantial quantity depending on its demand. According to [START_REF] Obadina | Quality assessment of Gari produced using rotary drier: In Food Processing[END_REF], tigernut was cultivated in the ancient Mesopotamia between the rivers Tigris and Euphrates. Tigernut generally is called earth almonds but different people from different countries have different names for tigernut.

In Nigeria, Tigernut is call (aya) by the Hausas, (akiawusa) by the Igbos and (ofio) by the Yorubas. It is cultivated more in the middle belt and northern regions of Nigeria. Tigernut has three varieties classified based on colour, which are Black, Brown and Yellow varieties [START_REF] Osagie | Lipid from plant source, structure and distribution[END_REF]. According to [START_REF] Okafor | Preliminary studies on the characteristics of contaminants in tigernuts (Yellow variety)[END_REF] and [START_REF] Ebringa | Proximate Compositions of Pea-nut, Tiger nut and walnut[END_REF], the yellow variety is considered the best among the three varieties because of its large size; the fact that more milk can be extracted from it when processed, contains higher protein, has lower fat content and less anti nutritional factors such as polyphenol. Tigernuts are edible, sweet, nutty, flavoured tubers that contain protein, carbohydrate, sugars, and lots of oil and fiber, and can be processed into many other edible products [START_REF] Gambo | Tiger Nut (Cyperus Esculentus): Composition, Products, Uses and Health Benefits A Review Bajopas Volume 7(No 1)[END_REF]. According to [START_REF] Gambo | Tiger Nut (Cyperus Esculentus): Composition, Products, Uses and Health Benefits A Review Bajopas Volume 7(No 1)[END_REF], it is one among the best nutritional crops used to augment the diet of humans and it produces high quality oil of about 25.5 % and protein content of about 8 %. Tigernut can be roasted, dried, baked and made into milk recommended for those who have heavy digestion, diarrhea and dysentery because of its high content of digestive enzymes and no lactose or gluten content (Abaejoh et al. 2006). The Egyptians and the Mediterranean uses tigernut as sources of food, medicine and perfumes [START_REF] Ndubuisi | Evaluation of Food Potentials of Tigernut Tubers (Cyperus Esculentus) and its Products (Milk, Coffee and Wine)[END_REF]. Tigernut has very high fiber content that makes it very healthy and does not lose its nutritional contents during milling process as reported by [START_REF] Salau | Assessment of the proximate composition, food functionality and oil characterization of mixed varieties of Cyperus esculentus (tiger nut) rhizome flour[END_REF]. [START_REF] Bamishaiye | Tiger Nut: as a plant, its derivatives and benefits[END_REF] reported that tigernut is an excellent source of minerals such as iron and calcium that are essential for body growth and development. Tigernut 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. Mechanical properties are those properties that indicate the behavior of biomaterials under applied forces or load. Mechanical damage to seeds and grains which occur during harvesting, threshing and handling can seriously affect viability and germination power, growth vigor, insect fungi attach and quality of final product [START_REF] Mohsenin | Thermal properties of foods and agricultural materials[END_REF]. Mechanical properties such as compressive strength, impact and shear resistance are important and necessary engineering data in studying size reduction of cereal grains as well as seed resistance to cracking under harvesting and handling conditions. [START_REF] Jha | Physical and Mechanical Properties of Mango during Growth and Storage for Determination of Maturity[END_REF] reported that in the design of a dehulling machine, milling machines, mechanical properties such as rupture force, hardness and energy used for rupturing fruits are useful information. As seen by the food engineer, one of the problem of agricultural mechanization has been mechanical damage to the crop during harvesting and handling; when it is dropped (impact), when it is piled up (quasi-static loading), and when it is shaken or struck in transit (vibrational bruising). During tigernut harvesting, for instance, the possibilities for injury to the tuber are numerous. Mechanical action can cause skinning, external cracking, and puncturing. In handling and processing of agricultural produce or biomaterials, mechanical damages are majorly due to external forces under static and dynamic conditions. However, internal forces that cause mechanical damage include variation in temperature and moisture content. Mechanical damage to agricultural produce becomes more susceptible to infection and diseases Bamgboye and Adebayo (2012).

Information on the mechanical properties of agricultural products as a function of moisture content is needed in the design and adjustment of machines, used during harvest, separation, cleaning, handling and storage. It is also use in processing these agricultural materials into food.

The properties useful for design must be determined at laboratory conditions (Gürsoy and Güzel, 2010). The physical and mechanical properties of nuts, kernels, seeds and fruits such as soya, sunflower, pigeon pea, apricot kernels have been studied (Deshpande, 1993). [START_REF] Oladele | Strength and Elastic Properties of Cassava Tuber[END_REF] studied some engineering properties of cassava tuber under five moisture content levels of 70 %, 65 %, 60%, 55 %, and 50 % wet basis. The properties measured were tensile strength, compressive strength and elasticity. The studies showed that tensile, compressive and shear strength of cassava reduces as the moisture content of the tuber decreases. The effect of different moisture content of 10, 15, 20 and 25% (wb) on some mechanical properties of pigeon pea compressive strength, maximum displacement, strain at maximum load and the Young's modulus, were significantly dependent (p<0.05) on the moisture content.

Despite these numerous importance of tigernut as a multipurpose tuber, it has been one among the neglected and underutilized crops in Nigeria as reported by [START_REF] Bamishaiye | Tiger Nut: as a plant, its derivatives and benefits[END_REF] because of inadequate knowledge on its production, utilization, nutritional and health value, and non-availability of processing machines in Nigeria. Tigernut is locally processed without minding its effect on its nutritional quality or value. Developing mechanized processes for harvesting, size reduction, oil or milk extraction, handling and storage facilities for tigernut cannot be successful without an accurate knowledge and availability of its engineering properties such as physical, mechanical, thermal, optical, electrical properties among others. Tigernut can be a raw material for industries in Nigeria if well utilized for the production of milk, flour, oil, bread among many other products. Studies carried out are majorly on physical properties of tigernut and little has been reported on its mechanical properties. These properties are needed in the designing of machines for unit process operations such as size reduction, sorting, cleaning, drying, storage and extraction of oil and juice for modern processing of tigernut.

Therefore, this work is aimed at determining the mechanical properties of tigernut as influenced by moisture content which is relevant in the design and handling of tigernut processing machines.

METHODOLOGY

Sample Preparation

The tigernut was purchased from a farm located in Minna Local Government Area of Niger State, Nigeria after harvest and were cleaned and sorted manually of all foreign matter (such as dirt, stones, premature and broken seeds) and stored in a plastic container. The initial moisture contents of the sample was determined to be 7. The conditioned samples were stored in airtight bag and kept in a refrigerator at 5°C for 168 hours to ensure uniformity of distributed moisture throughout the samples. The moisture content of the conditioned samples were verified after the seventh day before being used for the tests.

Determination of Mechanical Properties

Quasi-static compression strength test was performed on the tigernut samples using an Instron Universal Testing Machine (Model 3369) at the Centre for Energy Research and Development (CERD), Obafemi Awolowo University, Ile-Ife. The Instron Universal Testing Machine was fitted with a compression cage, comprising two parallel plates made of hardened stainless steel. A deformation rate of 1.0 mm/min was used as specified by ASAE (1990). The seeds were loaded along the major axis on the static plate and the moveable plate was allowed to touch the top of the sample without any pressure on it. The start button was pressed and the resulting compression strength test of the sample was analyzed automatically by the UTM software in both tabular and graphical form on the computer for usage. The experiment was repeated five (5) times on each sample and analysis of variance (ANOVA) was performed using SPSS (Version 20) where the level of significant difference was found among the experimental data at 95% confident level, means separation was performed using Duncan New Multiple's range test (DNMRT) as well as correlation and regression analysis to check the relationship of moisture content and the tested parameters.

RESULTS AND DISCUSSION

Mechanical Properties

Results for compressive test at the different moisture contents are presented on figure 1 break ranged from 2.12 mm to 3.03 mm. The load at break ranged from 134 N to 181 N. The extension at break ranged from 2.27 mm to 2.81 mm. The energy at break ranged from 0.178 J to 0.245 J. The compressive stress at yield ranged from 1.79 MPa to 3.33 MPa while the compressive load at yield ranged from 156 N to 271 N. It was observed that the compressive test parameters were all increasing as the moisture content increases which was in line with the report by [START_REF] Oladele | Strength and Elastic Properties of Cassava Tuber[END_REF] and [START_REF] Tavakoli | Moisture-Dependent Some Engineering Properties of Soybean Grains[END_REF] in their study of cassava tuber and soybean grains respectively. Riswanti (2014) also reported a similar observation in his study of Jatropha curcas seeds.

Analysis of variance performed on the compressive test results (table 1), revealed a significant difference among the maximum compressive stress, compressive load at maximum compressive stress, load at maximum compressive stress, extension at break, compressive stress at yield and compressive load at yield at P<0.05. Regression and correlation Analyses carried out on the compressive strength test revealed poor positive linear relationship between moisture content with all the measured compressive parameters except for the compressive stress at yield and compressive load at yield having a stronger positive relationship of R and R 2 of 0.855 and 0.732 respectively. The compressive stress at yield (CSY) and compressive load at yield (CLY) as a function of moisture content (M) can be expressed using the regression equations 2 and 3 below. 

CSY = 1.422+0.356M (2) 

CONCLUSION

The effect of moisture contents on compressive strength of tigernut has been studied and moisture content has significant influence at P<0.05 on the maximum compressive stress, compressive load at maximum compressive stress, load at maximum compressive stress, extension at break, compressive stress at yield and compressive load at yield. The Compressive strain at maximum compressive stress, Energy at maximum compressive stress, Compressive extension at maximum compressive stress, Compressive stress at break, Compressive load at break, Compressive strain break, Extension at maximum compressive stress, Compressive extension at break, Load at break, Energy at break were not significantly influenced by moisture content at P<0.05 though there is a poor positive linear relationship between them and moisture content with compressive stress at yield and compressive load at yield having the strongest correlation coefficient. 
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Table 1 :

 1 ANOVA Result on Mechanical Properties of Yellow Tigernut at 95% Significant Level Omale and M.O. Omobowale. Mechanical Properties of Tigernut (Cyperus Esculentus) as Influenced by Moisture Content. XII CIGR Section VI Technical Symposium in Ibadan, Nigeria-22-25 October 2018.

	CLY = 122.166+28.545M (3)					
	Mechanical		Sum of	Df	Mean	F	Sig.
	Properties		Squares		Square		
	Maximum	Between	3.356	4	0.839	3.003	0.041*
	compressive stress	Groups					
	(MPa)	Within Groups	6.147	22	0.279		
		Total	9.503	26			
	Compressive strain at	Between	0.050	4	0.013	2.167	0.106
	maximum	Groups					
	compressive stress	Within Groups	0.127	22	0.006		
	(mm/mm)	Total	0.178	26			
	Energy at maximum	Between	0.014	4	0.003	1.373	0.275
	compressive stress (J)	Groups					
		Within Groups	0.055	22	0.002		
		Total	0.069	26			
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