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ABSTRACT 

The process of drying of anchovy has traditionally caused work posture to squat, squat while shifting, bending, 

and exposed to heat pressure and drying result not yet optimal. This results in low worker performance and the quality of 

anchovy. To improve the worker's performance and the quality of the anchovy is done the design of the dryer with 

ergonomics intervention. The experimental research through treatment by subject design with a sample of 20 people. 

Sample performance is observed when working traditionally and intervention of ergonomics used the ergonomic hybrid 

solar dryer. Ergonomic hybrid solar dryer consist of solar thermal dryers, biomass dryer, and work desk. Data were 

analyzed with a significance level of 0.05. The results showed that the ergonomic hybrid solar dryer increase the drying 

temperature 31.94% and decrease workload 14.57%,  musculoskeletal complaints 27.02%,  fatigue 30.43%. Laboratory test 

results showed an increase anchovy quality corresponding of national standards. It was concluded that the ergonomic 

hybrid solar dryer improve performance of workers and income, as well as quality of anchovy. 
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INTRODUCTION 
The anchovy drying process  is traditionally, 

namely the direct drying under the sun and placed in the 

yard,  the edge of the village street, the roof of the house. 

This is certainly less attention to ergonomic principles. 

Ergonomic problems experienced by workers are (a) the 

moderate workload, (b) musculoskeletal complaints 

arising in the neck, shoulders, arms, hands, waist, thighs, 

legs, (c) the onset of fatigue, and (d) drying time is not 

efficient. This is the cause of the poor performance of 

workers.  

Range of both physical and psychological 

complaints will certainly degrade performance or work 

performance, which in turn will reduce work productivity 

[1]. Ergonomics problem are caused by a hot working 

environment, where workers are exposed to solar heat. 

Ergonomics problem are caused by a heat working 

environment, where workers are exposed to solar heat. In 

addition, the work equipment used is very simple and the 

worker's posture is not natural as shown in Figure-1. 

Activities drying dominated by squat position while 

transitioning to the side, bending and wisting, repetitive 

and monotonous nature in the process of sowing, 

managing and reversing anchovy.   

 

 
 

Figure-1. Posture worker drying anchovies. 

 

Work posture bent is a working posture not 

physiological of that causes reactions such as 

musculoskeletal complaints [2].
 
Estimated 30% of skeletal 

muscle injury caused by manner of lifting  which requires 

working posture  bending and twisting, thus spine of 

rotating [3, 4]. Work posture as opposed to the natural 

posture of the body will cause fatigue and risk of injury to 

the muscles, where the unnatural posture will cause 

muscle movements that are not supposed to happen and 

waste of energy [5]. While a hot work environment can 

cause additional strain on the blood circulation. 

Physiological responses would seem obvious to workers 

working with hot climates such as an increase in blood 

pressure and pulse [6]. Control effect of exposure to heat 

stress of worker is required corrections a workplace, 

environmental heat sources and work activities are carried 

out [7].  

Ergonomic problems faced by workers in the 

process of anchovy drying can be solved through  repair of 

appliance dryer. With improved ergonomics-based tool 

will affect work posture and work time that will improve 

the performance of the workers. To address the ergonomic 

issues that need to be fixed are work posture, work tools, 

work environment, working time, work systems and 

human-machine interaction [8, 9]. Standpoint of 

ergonomics, the demands of the task with a working 

capacity must always be in balance to achieve high work 

performance [10]. Performance can be fulfilled when the 

equipment or work facilities, work station, work products 

and procedures can be designed and customized with the 

approach and the principles of ergonomics [11].   

Performance of workers the maker   of anchovy 

dried can be increased by decreases the workload, 

musculoskeletal complaints, fatigue and increase drying 

temperature. For it is done with  design of dryer based on 

ergonomics intervention through SHIP approach 

(systemic, holistic, interdisciplinary, participatory) within 

application of appropriate technology based on the seven 
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criteria of assessment (technical, economical, social 

cultural, ergonomic, energy efficient, environmentally 

friendly and trends). Ergonomics approach can prevent 

employment problems often experienced by humans such 

as eyestrain, headaches and musculoskeletal complaints 

[11]. Total Ergonomics approach is one form of 

ergonomics interventions that aim to get a working system 

that is humane, competitive and sustainable, which 

consists of a ergonomic intervention through approaches 

SHIP within application of appropriate technologies [12].  

Based on these descriptions, the conducted 

research on ergonomic hybrid solar dryer for improved 

work tool of anchovy drying process with ergonomics 

interventions through SHIP approach in the application of 

appropriate technologies. This needs to be done to 

determine the effect of ergonomic hybrid solar dryer about 

drying temperature, workload, musculoskeletal 

complaints, fatigue, and quality of anchovy. 

 

MATERIAL AND METHODS 
This research is an experimental research using 

subject design with sample of 20 women people. Sample 

performance is observed when working traditionally 

(Period I), ergonomics intervention used the ergonomic 

hybrid solar dryer consist of solar thermal dryers and work 

desks (Period II), as well as biomass dryer and work desk 

(Period III). Measurements in period I, II and III was 

performed on the drying temperature, drying time, resting 

pulse rate, work pulse rate, musculoskeletal complaints, 

fatigue, productivity, and product quality. Data were 

analyzed with a significance level of 0.05. 

 

RESULTS AND DISCUSSIONS 

 

Results 
 

a. Characteristics of Subjects 

Subject characteristics research the women  

workers of special of anchovy at Banyubiru village 

Jembrana shown in Table-1. 

 

Table-1. Subject characteristics. 
 

 
 

b. Environmental conditions 

Measurements the environmental conditions 

carried when workers perform the drying process anchovy, 

comprise dry temperature, relative humidity and wet 

temperature as in Table-2. 

 

 

Table-2. Environmental conditions. 
 

 
 

c. Anthropometric of subject 

Anthropometric measurements for the purpose 

redesigning chamber of dryer  and workbench  as shown 

in Table-3. 

 
Table-3. Anthropometric data women workers for design 

the space of dryer chamber   and work desk. 
 

 
 

d. Work pulse rate, musculoskeletal compalints, and  

     fatigue 

Work pulse rate, musculoskeletal complaints and 

fatigue used to determine the performance of workers are 

shown in Table-4 and Table-5. 

 

Table-4. Mean of work pulse rate, musculoskeletal 

complaints, fatigue (n = 20). 
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Table-5. Comparison mean of work pulse rate, 

musculoskeletal complaints, fatigue (n = 20). 
 

 
 

e. Drying temperature 
 

Table-6. Drying temperature. 
 

 
 

f. Product quality 

Analysis of the quality of dried anchovy through 

testing at UPT-Analytical Laboratory, University of 

Udayana. The results are as shown in Table-7. 

 

Table-7. Comparison of quality of dried anchovy with 

requirements PDII-LIPI and BSN. 
 

 
 

DISCUSSIONS 

The research subject is women worker of 

anchovy dried   at Banyubiru village of Jembrana  who 

had a mean age of 29.80±9.81 years. The range of working 

age are used as subjects classified productive. This is in 

accordance with the benchmark average age of employees 

of private pensions in force in Indonesia under the 

provisions of the social security, that the pensions for 

private sector workers or employees are age 55.00 years 

[13]. The mean height was 152.16±5.53 with a range of 

142.00 to 160.50 cm. The mean weight was 51.30±6.45 

with a range of 44.50 to 67.00 kg.   Weight and height of 

body used for the determine body mass index (BMI). The 

mean body mass index was 22.16±2.93 subject kg.m
-2

. 

This is in accordance with the provisions of the 

Department of Health that a normal body mass index 

category and good nutritional status for women is 17.00-

23.00 kg.m
-2 

[14]. The mean of work experience was 

8.85±7.21 with a range of 1.00 to 30.00 years. Based on 

the work experience, subject of research has expertise and 

experience in the process of drying fish. 

Environmental conditions in the drying process 

anchovy measured by dry temperature, relative humidity, 

and wet temperature between the three periods are 

comparable (p>0.05). Dry temperature  34.75±0.58°C at 

natural drying process is not optimal. Optimal drying 

temperature of fish is 40-50
o
C [15].

 
By this means the 

working environment temperature 34.75±0.58°C in the 

drying process of anchovy at Banyubiru village including 

heat category. If the ambient temperature is higher than 

normal body temperature, hence resulting in an increase in 

body temperature due to the body receiving heat from the 

environment.  

Ergonomic hybrid solar dryer is a dryer that 

designed based on the participation of workers as a user of 

the tool and anthropometric data of workers. This dryer is 

one of the appliance of energy conversion with solar 

collectors to convert solar energy into thermal and the heat 

exchangers to transfer the heat of combustion of biomass. 

This dryer is the result of a synergy between the fields of 

mechanical engineering and ergonomics. Product of 

ergonomics is an disciplines of science interdisciplinary 

related to understanding the interaction between humans 

and other elements of the system and the user has a central 

role in the product development process [16].  

Anchovy drying process can be done in any 

weather due to the drying process is done in a drying 

chamber and a work desk serves to facilitate and organize 

the workers when spread the product before input into the 

drying chamber. Dryers and work desk can be moved 

because the dryer is composed of several parts that can be 

removed such as space of dryer, solar collectors, heat 

exchangers and furnaces (Figure-2). As for the work table 

is made of lightweight material. When the weather is 

sunny enough using a drying chamber with solar collectors 

and wears solar energy sources. This is done because the 

collectors optimize energy source of the sun and the 

drying temperature in the drying chamber is sufficient for 

the drying process anchovy. Solar collector absorbs solar 

energy and used for several applications such as heating 

and ventilation, drying operations, refrigeration, etc [17]. 

 

 
 

Figure-2. Ergonomic hybrid solar dryer. 
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During the rainy season or when there is no 

sunlight used a dryer with biomass energy sources. 

Biomass energy (wood, briquette, etc.) is an energy source 

that is suitable for drying because it is easily available and 

relatively cheaper [18].
 
Similarly, rice husk biomass can 

be used as an alternative energy source for the process of 

drying food through heat exchange mechanisms providing 

a high enough temperature [19]. Biomass is an energy 

source that has tremendous potential as a raw material for 

production of various biochemical compounds of high 

value or production of bioenergy and Indonesia is one of 

the potential to develop biomass [20]. This study uses 

coconut husk biomass, because it is easy to find at area 

workers of dryer anchovy and be economically very 

beneficial. The calorific value biomass of the coconut fiber 

is high enough with 16,700 kJ.kg
-1

, equivalent to the 

calorific value of wood waste 8,400-17,000 kJ.kg
-1

 [21]. 

Use of the solar thermal dryer, increase drying 

temperature 32.66% compared with the natural drying is a 

from temperature of drying 34.82 (33.44-35.51)
o
C into 

45.94 (45.04-47.13)°C. In the drying process by using 

biomass dryer, drying temperature increased by 18.85% 

compared with the natural drying is a from  temperature of 

drying 34.82 (33.44-35.51)
o
C  into 41.32 (41.17-41.35)°C. 

Temperature of drying in this study accordance with 

Abdullah which suggested that the drying temperature to 

40
o
C-50

o
C fish, because the temperature exceeds 50°C led 

to the outside of the product to dry, but the inside is still 

wet [15]. 

The decrease in workload Period II was 12.99% 

and 14.57% for the third period due to the posture of the 

workers work more naturally than Period I. The decrease 

in workload in this study occurred after ergonomics 

intervention through the dryer for drying anchovy. The use 

of ergonomic hybrid solar dryer can be change the work 

posture of static into a more dynamic working posture and 

muscle exertion is only used to enter the fish into the 

drying chamber.   

The decrease of musculoskeletal complaints  

from Period I to Period II and Period III are 26.70% and 

27.02%, respectively. The decrease of musculoskeletal 

complaints  is due to ergonomics interventions through 

design dryer appliance for the drying process anchovy. 

These results are in line with Singh and Arora who said 

that to prevent and reduce musculoskeletal disorders is 

done by designing tools and equipment by taking into 

account the characteristics of ergonomics [22]. It is also 

found in the study Adnyana, that the application of 

synergy ergo-mechanical system can reduce 

musculoskeletal complaints amounted to 15.10% on 

women workers in the industry makers Banten in 

Blahbatuh of Gianyar [23] . 

Fatigue that occurs in the drying process by 

sunning in this study due to the use to traditional  work 

tools  and monotonous work. Fatigue on workers include 

headaches, stiffness in the shoulders, back pain, dizziness 

and etc. This is in line with the opinion  of Gang and Lei 

stating that on worker occurs of physiological fatigue due 

to the manual operation  and psychological fatigue (mental 

fatigue) due to poor working environment and the work 

monotonous [24].
 
After ergonomics interventions through 

designing appliance of dryer decreases fatigue in worker. 

The decrease of fatigue from the Period I  into Period II 

and III respectively 23.06% and 30.43%. Results the same 

obtained Surata that the  appliance redesigning of seaweed 

sunning in the form workbench that is designed based on 

anthropometric data can reduce worker fatigue 20.46% 

[25]. Furthermore Adnyana found a decrease of fatigue 

22.23% after the application of synergy ergo-mechanical 

system at the female workers of maker industry banten in 

Blahbatuh of Gianyar [23]. Based on the OSHA, 

workplace of who ergonomics can reduce worker fatigue, 

improve employee morale, improve worker safety, worker 

comfort, product quality and productivity by making the 

work easier and convenient for workers [26].  

Decreases at workload, fatigue and 

musculoskeletal complaints in this study  due to the 

ergonomics intervention at drying process through design 

the dryer appliance. Posture of work before the 

ergonomics intervention is bending, squatting while 

shifting, squat stand,  exposure to sunlight a longer during 

the process of managing and reversing fish, workers 

perform repetitive movements or static. After ergonomics 

intervention posture of worker is standing, setting anchovy 

done on the workbench and sunlight exposure time is 

shorter because it is not necessary to reverse fish and  

process of drying in the chamber closed, so the repetitive 

movements or static can be minimized. These results are 

appropriate exposure Bosch which stating that the 

monotonous work in a short period of time can support the 

relaxation of the network, this is due to good ergonomics, 

which in turn creates a good economy [27].   

The application of ergonomics through design the 

dryer increase a drying temperature in the process of 

drying anchovy, decrease workload, musculoskeletal 

complaints and fatigue, resulting in increased quality of 

life and product quality. These results are corresponding 

with Sutjana which stating that the application of 

ergonomics will be able to improve the health and safety 

of workers as well improving work productivity [28]. The 

same was conveyed Shinde and Jadhav stating that 

application of ergonomics in the design of work stations 

showed better interaction between human-machine 

systems [29]. The application of ergonomics in the 

redesign  of appliance drying  creating  methods of work a 

more effective and efficient and to improve work ability, 

work motivation that will lead to progress and increase 

performance while maintaining the health and comfort of 

workers. The same is conveyed Wignjosoebroto that the 

ergonomics is applied to improve the effectiveness of 

labor man-machine systems and maintain the safety, 

health and comfort of human labor [30]. 

The use of ergonomic hybrid solar dryer can 

negate interference flies, dust and other impurities during 

the drying process compared to open natural drying. 

During the rainy season by using ergonomic hybrid solar 

dryer, rain water will not fall the product and does not 

require transference of the dryer appliance. Based on this,  

ergonomic hybrid solar dryer contributed immensely in 

improving product quality. From the results of laboratory 
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tests, after ergonomics intervention through designing 

hybrid solar dryer, then obtained a decrease in the 

percentage of moisture content, ash content, fat and 

carbohydrates as well as an increase in the protein. 

Improving the quality of dried anchovy is evidenced by 

the results of laboratory testing and corresponding of 

national standardization.   

 

CONCLUSIONS 

Ergonomic hybrid solar dryers proved to improve 

the women workers performance and the quality of the 

anchovy. Performance in terms of existence an increase in 

drying temperature of 32.66% and 18.85%; decrease in 

workload by 12.99% and 14.57%, decrease in 

musculoskeletal complaints 26.70% and 27.02%, decrease 

in fatigue 23.06% and 30.43%. Improving the quality of 

dried anchovy or already meet the requirements of the 

national standardization. 
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