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[bookmark: _Toc385061703]Abstract: Ergonomics evaluation is the human factors engineering which studies the comfort-ability and injuries caused on end-users as a result machine usage. This study investigated the ergonomics evaluation of a coffee threshing machine including anthropological measurement (body weight, age, height, arm length, body mass index) and physiological evaluation (blood pressure and heart beat rate at normal rest position and after machine operation). The oxygen consumption rate and energy expended in operating the machine were also studied. 30 subjects were randomly selected within age groups 15-25, 26-35, 36 – 45, 46 -55, and 56 – 60 years with average ages 20, 30, 40, 50 and 60 years respectively. The body mass index of all age groups were normal with only mid age group 60 showing an overweight body mass index also, the physiological test showed that the machine usage has light energy expenditure on humans though mid age group 60 complained of slight pain after the operation of thresher which was reportedly negligible though prolonged use over time may have some detrimental for this age group over a long period of time.
[Ogunlade, CA., Jaiyeoba, KF, Soji-Adekunle, AR, Ezenwogene, RC, Ifiemi, T, Fadele, OK. Ergonomics Evaluation of a Coffee Threshing Machine. N Y Sci J 2020;13(9):1-6]. ISSN 1554-0200 (print); ISSN 2375-723X (online). http://www.sciencepub.net/newyork. 1. doi:10.7537/marsnys130920.01.

Keywords: coffee thresher, body mass index, ergonomics evaluation, anthropology, physiology, oxygen consumption, energy expenditure 

[image: ]

i

6
1.0 	Introduction
[bookmark: _Toc385061716]Coffee positions as one of the world's generally significant and broadly exchanged ware crops and its a significant fare result of few nations (Ogunlade et al., 2014). Africa gave the world coffee as far back as pre-fifteenth century Ethiopia. In any case, a juncture of elements—cost, a preference for tea sharpened by many years of British frontier rule—have made the drink not exactly well known with a greater part of Africans. Almost 10% of the coffee in the world originates from the Africa with Nigeria delivering around 2,100 tons of unroasted coffee in 2013—not exactly in 1966 and consuming just 836 tons in 2015 while the French drank 366,000 tons even with her lesser populace (Kristiano, 2016). This is because the nation's economy has been revolved around oil exportation and the inadmissible nature of the nearby handling of coffee in Nigeria (Ogunlade et al., 2014). Coffee development in Nigeria is driven by low base impacts, young socioeconomics, progressing urbanization and a rising, yet little, white collar class. Enthusiasm for coffee utilization is growing, yet stays behind that of other hot beverage (Fitch Solution, 2019). 
Coffee is one of the most valuable primary products in global trade for agricultural produce. It is predominantly grown by 25 to 30 million smallholder producers in about 80 countries in the tropics (CIRAD, 2009; Orr and Ndhlovu, 2005; FAO, 2006). Coffee is ranked second in value only to oil as a source of foreign exchange in many of the major producing countries (Aderolu et al., 2014). Despite its significance in the world trade, marketing of coffee encountered a downward trend in the last few decades due mainly to low prices in the international market (Aderolu et al., 2014); the prices fell by about 30% between 1996 and 2001 in France (CIRAD, 2009), due to surplus in production, increase in supplies and stable consumption thus causing immense hardship to countries where coffee is a key economic activity 
hence, the major challenge of a farmer goes beyond planting to harvesting but maintaining proper post harvest handling to avoid losses between maturity and consumption or sale which is a frequently serious problem, especially for the small farmer, and a major contributing factor to the world food problem (Anon, 2020). Nearly all small farmers in the developing countries harvest their cereal crops and beans by hand and thresh them later. Threshing consists of separating the seeds from the seedheads, cobs or pods by beating, trampling or other means. Threshing could be achieved traditionally (by pounding, beating, and animal trampling etc) or mechanically (using tractor or motor-driven stationary threshers which come in many models with varying outputs and capacities). Traditional threshing is very tedious except for small quantities and kernel damage is on the high unless care is taken while mechanical threshing is an improved method which cleans the threshed grain by the use of shaking screens and/or blower fans. Mechanical threshers vary in design and configuration, some are pedal-powered (built as one piece and attached to a bicycle), some are animal powered while some are mechanically driven. 
Ergonomics evaluation is the human factors engineering which studies the comfort-ability and injuries caused on end-users as a result machine usage. In Nigeria, local fabricators of agro-processing equipment have designed and manufactured various improvised versions of many processing machines without due ergonomic considerations (Jekayinfa, 2007; Dewangan et al., 2010; Singh, 2013). In a bid to reduce post-harvest losses, labour cost, high energy input and generally encourage coffee production in quality and quantity to meet international and market requirement, Ogunlade et al. (2014) designed, constructed and evaluated the performance coffee thresher with an average efficiency and capacity of 83% and 3532kg/hr (3.5tonnes/hr) respectively the machine has not been ergonomically evaluated and the overall evaluation of machine include both performance and ergonomics evaluation hence, this study was aimed at ergonomics evaluation of a coffee thresher.

2.0	Materials And Methods
[bookmark: _Toc385061717]Sample Preparation 
[bookmark: _Toc385061720]Coffee seeds were procured from Obudu, in Cross River State, Nigeria. The seeds were cleaned and sorted manually to remove defective ones and any other foreign material. 


Machine Description 
The thresher was developed from indigenous materials and could thresh parchment coffee and clean the beans simultaneously, it operates mechanically with the aid of a two-stroke internal combustion engine (Tigmax Petrol engine, Gx 160, 5.5 hp). The thresher consists of 7 major units including frame, threshing drum and concave, blowing fan, reciprocating screen, grain outlet, transmission system (Figure 1 shows the orthographic projection of the coffee thresher).


[image: ]
Figure 1: Orthographic Projection of the Coffee thresher (Ogunlade et al., 2014)

Ergonomics Evaluation
30 individuals (subjects consisting of 16 males to 14 females) were randomly selected within the age range of 15 to 60 years (being the adulthood to retirement age). The subjects were given proper orientation on the machine usage before being made to operate the machine in carrying out the ergonomic evaluation process which include anthropometrics and physiological evaluation. 
i. Anthropometrics Evaluation: this was carried out by measuring the body weight, height and arm length of the subjects using a floor weighing scale (200 kg Capacity, 1g sensitivity made by Hana Company, China) and meter rule. Also, the Body Mass Index (BMI) of each subject was calculated as the ratio of weight of each subject to the square of the height of the subject (kg/m2). Table 1 was used to interpret the BMI obtained for each respondent.
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Table 1: Interpretation of Body Mass Index (BMI)
	S/N
	Classification of BMI
	Interpretation 

	1
	BMI < 18.5
	Below normal weight

	2
	BMI > = 18.5 and < 25
	Normal weight 

	3
	BMI > = 25 and < 30
	Overweight

	4
	BMI > = 30 and < 35
	Class I obesity

	5
	BMI > = 35 and < 40
	Class II Obesity

	6
	BMI > = 40
	Class III Obesity


Source: CDA (2020) 



ii. Physiological Evaluation: blood pressure and heart beat rate of the subjects were taken before and after the thresher was operated using a sphygmomanometer (KRIS-ALOY CE 0483, Capillare 3, 5 mm+ 0.1 300 mmHg) with a stethoscope. Differences in blood pressure and heart beat rate were compared before and after the operation of the thresher.
iii. Oxygen Consumption: the oxygen consumption rate of subjects at their measured heart beat rate after machine operation was estimated using Equation 1 (Singh et al., 2008, Aremu, 2015) as:
 		(1)
Where: Oc is the oxygen consumption (L/min), HBR is the heart beat rate after machine operation (beats/min)
iv. Energy Expenditure: this was obtained using Equation 2 (Kwatra et al., 2010), the values obtained were compared and categorized as per standard values (Nag et al., 1980) as presented in Table 2:
		(2)
Where: EE is the energy expenditure (kJ/min), HR is the heart beat rate (beats/min).
v. Muscular Stresses and Postural Discomfort: Muscular stresses during the ergonomics evaluation were measured by recording the incidences of pain perceived by the subjects from different part.
vi. s of body. Intensity of pain in body parts of the body was measured on a five-point scale given in Table 3.


Table 2: Categorization of Agricultural work
	Variable
	Light
	moderate
	heavy
	Extremely heavy

	Energy cost (kJ/min)
	< 9.10
	9.11-18.15
	18.16-27.22
	> 27.23


Source: Nag et al. (1980)

Table 3: Severity of Pain from Machine Operation
	Score
	Intensity of pain

	5
	Very severe

	4
	Severe

	3
	Moderate

	2
	Mild

	1
	Very mild


Source: Kwatra et al. (2010)


Statistical Analysis 
Multiple linear regression at 95% level of confidence and descriptive statistics were used for analyzing the data obtained from the ergonomics evaluation of the thresher in accordance with Ogunlade and Aremu (2020).
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Results
The ergonomics evaluation of a coffee thresher was investigated; the anthropometric and physiological characteristics of subjects before and after operation of the coffee thresher is reported in Table 3 and 4 while Figure 2 a and 2b shows the heart beat rate before and after operation of the coffee thresher, oxygen consumption and energy expended in the course of operating the thresher

Discussions
The body mass index (BMI) of subjects ranged from 21.6 to 28.4 for age groups 15 – 25 and 56 – 65 years respectively. The body mass index of the subjects used for the ergonomics evaluation were normal for mid age groups 15 – 25, 26 – 35, 36 – 45, 46 – 55 while age group 56 – 65 with the mid age of 60 years shows an overweight body mass index; this could be due to the ageing process of this age group.
It was observed that the heart beat rate of subjects increases with age from mid age to 50 years and declined for age group 60; this also could be caused by aging; it was also observed that the heart beats increases with an increase in blood pressure and age of the subjects as shown in Table 5 and Figures 2a and 2b, this implies that there was a physiological difference in the normal heart beat and blood pressure at normal rest position and after machine operation, a similar trend was observed many researchers (Balansakri et al., 2003; Shrimali, 2005; Singh and Gite, 2006; Singh et al., 2007; Yadav et al., 2007; Singh, 2009; Aremu et al., 2015)
The energy expended in machine operation ranged from 0.0578 – 2.728 kJ/min for mid age group 50 and 40 respectively. The values obtained shows that the machine operation and usage of the coffee thresher has light energy expenditure and load on humans (Table 2). Moreover, mid age group 60 complained of slight pain after the operation of thresher and this was caused by several bending of the back and neck to feed the machine and collect threshed seeds though the pain was reportedly slight and eligible but prolonged use over time may have some detrimental for this age group.



Table 4: Anthropometrics Evaluation of the Subjects
	Age Group (yr)
	Mid Age
	No of Subjects
	ANTHROPOMETRICS
	PHYSIOLOGICAL CHARACTERISTICS

	
	
	
	Anthropometrics parameter
	Range 
	Mean 
	S. D.
	Average Group BMI (kg/m2)
	
	Blood pressure at normal rest position (mmHg)
	Blood pressure after machine operation (mmHg)
	Difference

	15 – 25
	20
	6
	Weight (kg)
	 34- 49
	43
	4.7
	21.6
	Normal Weight
	115/60
	130/65
	15/5

	
	
	
	Height (cm)
	107– 168
	141
	13.5
	
	
	150/100
	160/100
	10/0

	
	
	
	Arm Length (cm)
	45– 62
	56.5
	3.9
	
	
	115/55
	137/70
	22/15

	26 – 35
	30
	9
	Weight (kg)
	45– 89
	57
	5.3
	23.7
	Normal weight
	140/100
	134/70
	6/30

	
	
	
	Height (cm)
	57 – 166
	155
	17.9
	
	
	100/50
	130/70
	30/20

	
	
	
	Arm Length (cm)
	53 – 77
	67
	2.1
	
	
	140/100
	134/70
	6/30

	36 – 45
	40
	7
	Weight (kg)
	63 – 97
	66
	4.3
	24.2
	Normal weight
	120/60
	160/100
	40/40

	
	
	
	Height (cm)
	94 – 164
	165
	19.7
	
	
	115/55
	137/70
	22/15

	
	
	
	Arm Length (cm)
	68 – 85
	78
	11.8
	
	
	110/70
	130/90
	20/20

	46 – 55
	50
	5
	Weight (kg)
	67 – 99
	87
	9.5
	23.6
	Normal weight
	114/59
	120/65
	6/6

	
	
	
	Height (cm)
	163 -174
	172
	1.2
	
	
	115/60
	130/65
	15/5

	
	
	
	Arm Length (cm)
	67 – 78
	74
	2.4
	
	
	110/70
	130/90
	20/20

	56 - 65
	60
	3
	Weight (kg)
	75 – 89
	85
	4.9
	28.4
	Overweight
	140/100
	134/70
	6/30

	
	
	
	Height (cm)
	152 – 183
	173
	11.5
	
	
	100/60
	150/90
	50/30

	
	
	
	Arm Length (cm)
	70 -91
	85
	7.1
	
	
	100/50
	130/70
	30/20



Table 5: Physiological Evaluation of the Subjects (Heart Beat Rate)
	Mid age
	No of subjects
	Average Heart beat (beats/min)
	Oxygen consumption (L/min)
	Energy Expenditure (kJ/min)

	
	
	Normal rest position
	After operation of machine
	
	

	20
	6
	48
	61
	0.0154
	0.979

	30
	9
	63
	69
	0.1066
	2.251

	40
	7
	69
	72
	0.1408
	2.728

	50
	5
	74
	77
	0.1978
	0.0578

	60
	3
	60
	65
	0.0496
	1.615
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Conclusion
This study investigated the ergonomics evaluation of a coffee threshing machine including anthropological measurement (body weight, age, height, arm length, body mass index) and physiological evaluation (blood pressure and heart beat rate at normal rest position and after machine operation). The oxygen consumption rate and energy expended in operating the machine were also studied. 30 subjects were randomly selected within age groups 15-25, 26-35, 36 – 45, 46 -55, and 56 – 60 years with average ages 20, 30, 40, 50 and 60 years respectively. All age groups respectively showed normal body mass index except the mid age group 60 which showed an overweight body mass index also, the physiological test showed that the machine usage has light energy expenditure on humans though mid age group 60 complained of slight pain after the operation of thresher which was reportedly negligible though prolonged use over time may have some detrimental for this age group over a long period of time.
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Figure 2: (a) - Heart beat rate; (b) - oxygen consumption and energy expended in operating the coffee thresher
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