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ABSTRACT: The objectives of this research were to assess the ergonomic risk using Rapid Upper Limb Assessment (RULA) and the body
discomfort of the Mee Kratok noodle making workers and to designed and developed the dough sheet making machine that help
reduce the ergonomic risk. The data was collected from 17 workers. Normally, the Krathok noodle was made by hand. The dough sheet
making process was divided into 4 steps: scooping the mix, spreading the mix, closing the lid, and shoveling the dough sheet. The
analysis of body discomfort showed that most of the workers encountered lower back (L(n=17), R(n=12)), upper back (L(n=11), R(n=10)),
hands/wrist (L(n=12), Rn=11) and foot (L(n=13), R(n=9)). The results of Rapid Upper Limb Assessment (RULA) showed that the step with
greatest ergonomic risk was spreading the mix. In this step, the workers had to twist their wrists and move their arms repeatedly. The
dough sheet making machine was designed, developed and used to help decrease the ergonomic risk. When using the machine, the
steps of spreading the mix and closing the lid were processed inside the machine so the workers had only 2 steps to do (scooping the
mix and shoveling the dough sheet). The risk level was reduced from level 3 to level 2 in the step of scooping the mix and remained at
level 2 in the step of shoveling the dough sheet. Satisfaction to the developed dough sheet making machine in terms of
equipment/tool, working procedure, working environment, working efficiency and overall were compared with the conventional dough
making steps. The satisfaction levels of the dough sheet making machine were higher than those of the conventional method in 4 out
of 5 topics. However, the satisfaction on work efficiency of the machine was lower than the conventional method which implied that

the developed dough sheet making machine has some limitations and needs further improvement.
Keywords: RULA; Ergonomic risk; Noodle making process; Body discomfort; Machine development
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1. INTRODUCTION

Local food "Mee Kratok”, from Ban Kratok, Chokchai Subdistrict, Chokchai District, Nakhon
Ratchasima Province, became widely known among food lover in Thailand. It can be called
Krathok fried noodle (Mee Krathok in Thai). Krathok noodle has a special feature. It is sticky, thin,
and soft noodle that can be well stir-fried. From preliminary investigation of the Krathok noodle
production process, the ergonomic problems were found in the process of dough sheet making. In
this process, the workers had to repeatedly use their wrists and arms to spread the mix in order to
make the dough sheet for a long time. The workers had to turn left/right when bringing the dough
sheet to the woven wood panel for drying. Past researches indicated that the work with awkward
or repeated postures such as leaning, reaching, twisting, and bending of the body or other parts
can cause the musculoskeletal disorders.”® The prevalence of work-related musculoskeletal
disorders (MSDs) among food manufacturing workers was high. In South India, It was found that
67.5% of male kitchen workers reported MSDs.* The method of food production in the local scale
or SME level usually required worker’s skill and man-power. There were researches on the
ergonomic problem among noodle making but in other type of noodle in other countries.’
Therefore, this investigation on ergonomic problems in the "Mee Kratok" noodle makers and the
reduction of the ergonomic risk was interesting. The objectives of this research were to assess the
ergonomic risk using Rapid Upper Limb Assessment (RULA) and the body discomfort of the Mee
Kratok noodle making workers and to designed and developed the dough sheet making machine
that help reduce the ergonomic risk. Moreover, the satisfaction of the workers in term of
equipment/tool, working procedure, working environment, working efficiency and overall
satisfaction from using the dough sheet making machine was compared to that of the conventional
method.

2. METHOD

2.1 Research design

This was the quasi - experimental research that compared the ergonomic risk of the dough
sheet making postures between the conventional steps and when using the developed dough
sheet making machine. The satisfaction of the developed dough sheet making machine was also

evaluated

The research was conducted in Ban Krathok, Chokchai district, Nakhon Ratchasima Province,
Thailand, during November 2019 - February 2020. The purposive sampling was conducted among
Ban Krathok villagers using inclusion criteria. The criteria included: participants must have never
suffered a musculoskeletal injury or accident within the past 3 months and consent to participate
in the research. The exclusion criteria were the participants’ refusal to give the information during

the research period or complete the questionnaire.
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2.2 Research tools

The data was collected from 17 participants using the interview form which consisted of 2
parts: PART 1: General information related to gender, age, health status, working condition and
PART 2: the Body discomfort assessment. The body discomfort assessment was conduct using the
body map questionnaire asking the workers the level of pain on their body parts®. The levels of
pain were divided as follows: 0 = no discomfort/ pain, 1 = weak (does not affect work), 2 =
moderate discomfort/ pain (symptoms were disappeared after rest), 3 = strong discomfort/ pain
(symptoms were not recovered after rest), 4 = severe discomfort/pain (must take medicine or

apply balm to be able to work).

The Rapid Upper Limb Assessment (RULA) was used to assess the ergonomic risks and the
satisfaction assessment form was used to evaluate the satisfaction of the workers to the
developed dough sheet making machine. The result of the RULA assessment tool is the final RULA
score, which represents the level of MSD risk for the working posture being evaluated. The
minimum RULA score = 1, and the maximum RULA score = 7. Each score level has the definition

as follow'.

Action Level 1 — RULA score 1-2 means that the person is working in the best posture. There is

no risk of injury from their work posture.

Action Level 2 — RULA score 3-4 means that the person is working in a posture that could
present some risk of injury from their work posture. This score most likely is the result of one part

of the body being in a deviated and awkward position. Investigate the reasons and correct.

Action Level 3 — RULA score 5-6 means that the person is working in a poor posture with a risk
of injury from their work posture. Investigate the reasons and change them in the near future to

prevent an injury.

Action Level 4 — RULA score 7-8 means that the person is working in the worst posture with an
immediate risk of injury from their work posture. Investigate the reasons and change them in the

near future to prevent an injury.

The satisfaction to the developed dough sheet making machine was collected be satisfaction
questionnaire. The satisfaction level ranges from 1 to 5. The scale represented the level of
satisfaction as follows: 1 = lowest, 2 = low, 3 = moderate, 4 = high, and 5 = highest. The average
satisfaction criteria: 4.51-5.00 = highest satisfaction level, 3.51-4.50 = high satisfaction level, 2.51-
3.50 = moderate satisfaction level, 1.51-2.50 = low satisfaction level, 1.00-1.50 = lowest satisfaction

level.
2.3 Analysis of results

The characteristics of the participants, level of fatisue, and the ergonomic risk level were
described by descriptive statistics in term of frequency, average, maximum, minimum and

percentage.
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2.4 Ethical consideration

This research has been certified by the ethical committee of Suranaree University of
Technology (EC62-0120).

3. RESULTS

3.1 The noodle making process

From the preliminary investigation, the noodle make process can be divided into 6 steps: Flour
milling, streaming, dough sheet making, drying, oiling, and chopping. Among these steps, the step
of dough sheet making required the workers to use their wrist and arm to spread the dough into
sheets with repeated gestures for a long time. Also they had to turn their body to bring the dough
sheet to place on drying plate. Because of repeated and awkward postures that were found in the
dough sheet making step, the deeper investigation was conducted further. In dough sheet making,
there were 4 steps: scooping the mix, spreading the mix, closing the lid, and shoveling the dough

sheet.
3.2 General information of the participants

The data from 17 participants (noodle making workers) was collected. The average age of the
participants was 45.41 years old (range 24-80). The average height and weight were 161.94 cm
(range 153-178) and 69.18 kg (range 44-104), respectively. Most of the participants had never
experienced any musculoskeletal problems. Most do not drink alcohol. However, almost all of
them do not exercise regularly. The workers work continuously for a long time (8-12 hr/day, 5-7
days/week). Other information from the interview revealed that the problem occurred in the step
of dough sheet making. In this step, workers had to frequently lift the pot lid twice per one dough
sheet and the number of dough sheet making per day was 180 sheets, approximately. That was
360 times lifting-closing, repeatedly. The repeat working posture is one of the factors related to the
ergonomic problems. From the interview, most workers reported that the working step that causes
the most muscle pain was the dough sheet making. Most workers' pain relief method is
medication. From the open-ended questions, the points that workers suggested for improving their
working condition were 1) make the chairs adjustable 2) improve the working step to have less

open-close the pot lid.
3.3 Body discomfort assessment

The result of the body discomfort assessment in Table 1 revealed that most of the workers
experienced discomfort/ pain (level 1-4) at their shoulders, upper back, lower back, upper arms,
hands/ wrists, and feet. The symptoms found in both left and right side. According to their
workstation, there was no footrest, no lumbar support, and the chair was not adjustable. The
improper workstation could be one of the factors that led to musculoskeletal disorders among

noodle making workers.
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Table 1 Discomfort/pain reported from noodle making workers (n=17)

Body Left Right
parts Number Percent Mean Max Min Number Percent Mean Max Min
Neck 8 47.06 0.71 3 0 3 17.65 0.35 2 0
Shoulder 9 52.94 1.65 4 0 9 52.94 1.12 3 0
Upper
11 64.71 2.00 4 0 10 58.82 1.00 3 0
back
Lower
17 100.00 1.41 3 0 12 70.59 2.00 3 0
back
Upper
14 82.35 1.41 2 0 10 58.82 0.88 3 0
arm
Elbow 8 47.06 0.71 2 0 4 23.53 0.53 3 0
Lower arm 5 29.41 0.53 3 0 4 23.53 0.59 3 0
Hand/wrist 12 70.59 0.88 3 0 11 64.71 1.59 4 0
Hip/thigh 7 41.18 0.82 2 0 7 41.18 0.90 3 0
Knee 8 47.06 1.35 4 0 38 47.06 1.41 a 0
Calf 2 11.76 0.24 2 0 4 23.53 0.10 2 0
Foot 13 76.47 1.06 3 0 9 52.94 1.47 2 0

Deeper investigation on the level of discomfort/pain, the severe discomfort/pain (level 4) was
report at various body parts, e.¢., shoulder (left), upper back (left), hand/wrist (right), knee (both
left and right). The parts of the body that the workers reported discomfort were associated with
the characteristic of their tasks. In the dough making process, the workers had to use their left
hand lift the heavy lid up and down for many times while their right hand spread the dough on
the pot surface. This might cause the discomfort/pain on their shoulders and right wrist. There was
no lumbar support on the non-adjustable chair which caused workers back pain. Moreover, lacking

of foot rest might cause the knee and foot discomfort when sitting for a long period.
3.4 Rapid Upper Limp Assessment (RULA)

The RULA assessment results of each step (scooping the mix, spreading the mix, closing the lid,

and shovelling the dough sheet) were shown in Table 2.
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Step 1 Scooping the mix

nsarsmsemansine: Ui 5 avui 1 wnspu--fiquigy) 2565

Step 2 Spreading the mix

Step Description Left Right Step Description Left Right
Step 1 upper arm 1 3 Step 1 upper arm 1 3
Step 2 lower arm wrist 1 1 Step 2 lower arm wrist 1
Step 3 wrist 2 2 Step 3 wrist 2 4
Step 4 wrist twist 1 1 Step 4 wrist twist 1 1
Step 6 add muscle use 0 Step 6 add muscle use

score 0 score 0 0
Step 7 Add Force 0 0 Step 7 Add Force 0 0
Step 9 Neck 2 2 Step 9 Neck 2 a4
Step 10 Trunk 4 4 Step 10 Trunk 4 3
Step 11 Legs 1 1 Step 11 Legs 1 1
Step 13 add muscle use 1 Step 13 add muscle use

score score
Step 14 Add Force Step 14 Add Force
Step 16 Final Score Step 16 Final Score

Step 3 Opening-closing the lid Step 4 Shovelling the dough sheet

Step Description Left Right Step Description Left Right
Step 1 upper arm 6 2 Step 1 upper arm 2 4
Step 2 lower arm wrist 1 2 Step 2 lower arm wrist 1
Step 3 wrist 2 3 Step 3 wrist 1 3
Step 4 wrist twist 1 1 Step 4 wrist twist 1 1
Step 6 add muscle use Step 6 add muscle use

score 0 0 score 0 0
Step 7 Add Force 0 0 Step 7 Add Force 0 0
Step 9 Neck 1 1 Step 9 Neck 1 1
Step 10 Trunk a4 4 Step 10 Trunk 2 2
Step 11 Legs 1 1 Step 11 Legs 1 1
Step 13 add muscle use Step 13 add muscle use

score 1 score
Step 14 Add Force 0 Step 14 Add Force
Step 16 Final Score Step 16 Final Score

Theppitak C. et al. | 55



Eregonomic desien of dough sheet making machine in Krathok noodle community enterprise

From the results, the high ergonomic risk levels were found among these steps. Especially, in
step 2: Spreading the mix showed the RULA final score of 5 (left) and 7 (right). It meant that the
risk level was at action level 3 (left) and 4 (right) and implied that the workers worked in a posture
with a risk of injury. The finding indicated that the change needs to be investigated in order to help
decrease the ergonomic risk.

3.5 The design of dough sheet making machine
The dough sheet making machine was designed and developed. The machine was designed in
order to reduce the arm reaching and the body bending. The data below described compartments

of the machine (Fig. 1).

Fig. 1 The developed dough sheet making machine

« Size of the machine — the main compartment of the machine was a rectangular structure with
dimension of L150xXW50xH75 cm.

« Steamer cabinet — made of stainless steel with dimension of L60xW50xH20 cm. This was
designed to be smaller than the conventional one in order the decrease the boiling time.

» Heating surface — The heating surface was designed to be round size with the diameter of
30.5 cm, 7.4 cm above the steamer.

« Cover - the cover prevents steam loss from the machine. The upper side made of
transparent acrylic material. The worker can look through this window to see inside.

+ Spreading pad - This was designed to be an adjustable stainless steel paddle. Set at 90
degree right angle, with dimension of L65xW2xH2 cm. The spreader was attached machine to help
make the dough sheet.

+ Cheesecloth belt - Designed by using a material made of thin white cloth with dimension of
L302x50W cm. This belt moved through a PVC pipe spindle with constant speed.

« Power box - Designed using waterproof plastic material with dimension of L13xW17xH29.5 cm.
Equipped with adapter LED power supply 12V, 3A-30A and a switch on-off.

« Foot switch - Designed with motor, adapter and wiring connections, it operates by pedaling to

keep the belt moving. It stops moving, when release the pedal.

How is the machine work? Start by pouring the starch mix on the cheesecloth. Press the foot
switch to allow the belt to pass through the spreader. The spreader spreads the dough into a

sheet. Then continue pressing the foot switch, the belt moves into the steamer to cook the dough
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sheet. After passing through the steamer belt will move out of the steamer cabinet, the dough

sheet is ready. The worker can shovel the sheet out of the cheesecloth.

3.6 The ergonomic comparison between the conventional working posture and the use of
the dough making machine

In an overview, the dough sheet making machine reduced the use of the worker’s wrist, the arm
reach to open and close the lid, the body twisting and bending. The detail of each steps showed
in Table 3.
Table 3 Comparison of RULA assessment between the conventional method and when using the

dough making machine

The dough sheet making process Body side RULA final score
Conventional method Use the machine
Step 1 Scooping the mix Left 5 3
Right 6 3
Step 2 Spreading the mix Left 5 N/A
Right 7 N/A
Step 3 Opening-closing the lid Left 7 N/A
Right 5 N/A
Step 4 Shovelling the dough sheet  Left 3 3
Right 3 3

N/A - there was no RULA results for step 2 and 3 because these steps were operated by the machine.

In step 1, the RULA score was decreased to 3 because, in this step, - the height of the
container was adjusted to not be as deep as the old one to reduce the reach down when the
amount of mix decreased and set up the container to be level with the chair to reduce the
bending down to scoop the mix (Fig. 2). In step 2 and 3, the workers do not have to do the
“spreading” and “opening-closing the lid” because the machine was equipped with the spreader
where the dough fed automatically to the spreader as the belt moved. The upper cover of the
machine was transparent so it was not necessary to open up to see inside the lid. In step 4, the
RULA score did not change because after the sheet was cooked and moved out the steamer, the

worker still had to shovel the dough sheet up for drying.

Fig. 2 Working posture of A) conventional method B) Using of the dough sheet making machine, in

step 1 - scooping the mix.
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3.7 The satisfaction of the workers to the dough sheet making machine

The questionnaire was used to investigate the satisfaction of the dough sheet making machine.
The topic consisted of 5 areas: The equipment/tools, working procedures, working environment,
work efficiency, and overall satisfaction. It was found that the satisfaction levels were increased in

4 out of 5 areas as showed in Table 4.

Table 4  Average satisfaction levels of the workers to the dough sheet making machine in

comparison with conventional method

Area of interests Conventional method Use the machine
The equipment/tools 2.79 4.07
working procedures 2.21 3.99
working environment 2.59 491
work efficiency 3.88 2.69
overall satisfaction 3.41 3.76

However, the developed machine had some limitation. This was reflected in the satisfaction of
the work efficiency. The workers also suggested that the heating surface should be wider and the

cheesecloth belt had wrinkles while moving which yielded the defected dough sheet.

4. DISCUSSION

In the "Mee Kratok" noodle production, the workers had to work with the postures that had a
high ergonomic risk. The body discomfort assessment showed that all of them reported low back
pain. More than half of workers had pain on their shoulder, upper back, upper arm hand/wrist and
foot. RULA Score of 7 (Action level 4) were found in these working steps: “Spreading the mix” and
“Opening/closing the lid”. In the steps of “Spreading the mix” and “Opening/closing the lid”, the
working postures were at risk of muscle injury or pain. For example, to open the lid, the worker
had to lift and hold the heavy lid with the left hand and to spread the mix, the worker had to
twist the right hand repeatedly. There were many attempts to decrease the ergonomic risk, for
example, changing the height of working device or made it adjustable®, using of additional device
such as magnifying glass to prevent bowing down’, and developing the new instruments or
machine to do some ergonomic-unfriendly tasks instead of human.’®*! The use of machine might
help reduce the ergonomic risk and, in some case, reduce the working steps. In our research, after
using the developed dough sheet making machine, the ergonomic risk was decreased. In the step
of “Scooping the mix”, the RULA Scores were decreased from action level 3 (final score 5 and 6
for left and right) to action level 2 (final score 3 and 3 for left and right). Moreover, the steps of
“Spreading the mix” and “Opening/closing the lid” were not conducted by the workers because
the machine had a spreader and its own transparent lid. The worker reported higher satisfaction on
the equipment/tool, procedure and working environment when using the machine comparing to

the conventional methods. However, the satisfaction on the topic of working efficiency lower than
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that of conventional method because the developed machine had some limitations and need

further improvement.

5. CONCLUSION

It was found that the "Mee Kratok" noodle making worker suffered from muscle pain. Most of
them had the lower back pain. The ergonomic assessment of their working postures revealed that
the conventional work steps led to high ergonomic risk. To reduce the risk, the dough sheet
making machine was developed. This machine reduced the working steps from 4 steps to 2 steps.
The remaining steps were scooping the mix and shoveling the dough sheet. When using the
machine, the ergonomic risk of the step “scooping the mix” was decrease from action level 3 to 2.
However, further study needs to be conducted to improve the efficiency of the developed
machine. This research had some limitation because of small number of participants. Also, the

inferential statistics should be analyzed for the comparison of the outcomes.
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