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ABSTRACT 
 

Ant-sugar SMEs are developing in the Indragiri Hilir Regency. This industry uses the sap of 

hybrid coconut trees to make sugar. To maintain sustainability, SMEs require assistance with quality 

from upstream to downstream. Based on this, the research attempts to ascertain the mechanism of the 

sugar supply chain, identify the elements that lead to flaws, and suggest ways to enhance the chain's 

quality. Identify supply chain conditions using the Vorst method. Identify the root causes of problems 

using the FTA method and quality improvement proposals based on evaluating potential failure levels 

using the FMEA method. The research results show that the supply chain members are Farmers, SMEs 

and Final Consumers. The factors causing defects in coconut sap water and ant sugar are human and 

environmental. The proposed improvement at the farmer level is that the cracked wood preservative must 

be measured correctly before taking coconut sap water. In contrast, at the SME level, workers pay 

attention to the ongoing production process and carry out periodic checks when boiling the sap water 

so that the maturity level is perfect and stir optimally so as not to cause failure. In the crystallization of 

ant sugar.  
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Introduction 
 

Indragiri Hilir Regency in Riau Province is the center of the largest coconut plantation in 

Indonesia and the largest coconut plantation in the world, with an area of 302,369 hectares [1], [2]. One 

potential product is ant sugar [3]. The currently sustainable sugar product is ant sugar in the form of ant 

sugar. It increases practicality in serving because it is easier to package and carry, extends shelf life due 

to low water content, increases economic value, simplifies the packaging and distribution process, and 

adds taste [3], [4]. Besides, sugar has health benefits with a lower glycemic index value than other sugars 

[5], [6].  

In the increasingly competitive era of industrialization, all economic actors want to successfully 

compete in the industry to impact the world of trade positively. Hence, it is essential to improve the 

quality of ant sugar products through monitoring and quality control to meet consumer standards [7], [8]. 

Ant sugar produced by farmer groups in Indragiri Hilir Regency, Riau, has problems such as the color of 

the ant sugar appearing dark and lumps of ant sugar that are too large, which consumers do not like, thus 

damaging the quality of the ant sugar. It is believed that errors during the kneading process and inferior 

raw materials for coconut sap may have caused the issue. Products that do not meet standards are called 

defective products and can cause economic losses, so quality control is needed.  

Quality control is a system of activities to ensure constant quality standards according to 

planned specifications so that the products produced are practical and efficient [9], [10]. Quality control 

could be an essential preparation that points to making strides in an item's quality and guaranteeing it 

meets the benchmarks set by a company [11]. It includes examining and improving item quality all 

through the supply chain. Doing so is expected to increase the overall value creation by understanding 
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the relationship between product, financial and information flow from farmers to the final consumers 

[12].  

Fault tree analysis (FTA), which integrates failure mode and effect analysis (FMEA), can be 

used in quality control in the supply chain. The Fault Tree Analysis (FTA) method is one of the most 

popular techniques used to identify and find the causes of production process failures that cause product 

defects [13], [14], [15], [16]. The advantage of FTA is that it can analyze system failures, look for system 

aspects related to the primary failure, and identify the causes of product failure in the production process 

[17]. FMEA is a method for evaluating the possibility of failure of a process, design and system and 

creating steps to handle it [18], [19], [20], [21]. FMEA analysis errors that occur in work activities by 

evaluating their severity, occurrence and detection and creating a Risk Priority Number (RPN) [22], [23], 

[24]. FTA and FMEA are used for comprehensive top-level system analysis to be the right solution to 

overcome problems. "Quality control in the supply chain can be performed using these two methods.".  

This research aims to model the quality control of the ant sugar supply chain in Indragiri Hilir 

Regency, Riau. The case study will focus on Small and Medium Enterprises (SMEs) operating in the 

region. The study will use Fault Tree Analysis (FTA), Failure Mode and Effect Analysis (FMEA), and 

the Supply Chain Analysis Framework Method. 

 

Research Methods  
 

Data collection in this research was obtained from one of the SMEs in Indragiri Hilir Regency-

Riau. Data collection includes interview data as data for Fault Tree Analysis (FTA) analysis. This is 

followed by collecting production data and defective product data and continuing with group discussions 

to determine severity, occurrence and detection ratings in FMEA analysis. Data processing in this 

research uses Pareto diagrams to identify types of failure from farmers to small businesses, which often 

lead to product deviations, error tree analysis (FTA) to identify the root of the problem, and FMEA by 

prioritizing risks using Quality improvement proposals using analysis methods (FMEA) and 5W+1H. 

"The flow of the system is presented in Figure 1. 

 

Start Preliminary studies Study of literature

Data collection

1. Supply Chain Identification

2. Identify Defective Products

Analysis of Results

Analysis of Supply 

Chain Mechanism

1. FTA Analysis on Farmers

2. FTA analysis on SMEs

1. FMEA Analysis for Farmers

2. FMEA analysis of SMEs

Conclusion

End

data processing

 
Figure 1. Flowchart of research stages  

Data Processing and Analysis Methods  

Supply chain identification  
The initial step in our research is to identify the supply chain. We have employed descriptive 

and qualitative methods, supported by practitioner opinions, field observations, and literature reviews, to 

identify the supply chains. Using the Vorst framework [25]. According to Vorst's (2006) approach to 

identifying supply chains, four principal frameworks are considered necessary. The structure of the chain, 

the scope of the chain and the roles of its members, as well as the agreements that form the chain, are as 

follows:  

1. A chain business process is a structured and measurable series of business activities that achieve 

specific results for consumers. 

2. Network and chain management describes the coordination of members to carry out processes in 

a supply chain. 
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3. Chain resources are used to produce and deliver products to consumers. 

 

Identification of defective products 

We identified the types of defects that occurred from November to February. Next, a Pareto 

diagram is created, which is a diagram to identify the causes of problems and the consequences that 

occur. This diagram can be used to identify the causes of errors that have the main impact of the error. 

Analyze the results of the Pareto diagram to identify the leading causes of errors that occur so that we 

can implement improvement plans. 

Determination of Cause of Failure 

It determines the cause of failure with Fault Tree Analysis (FTA). The FTA phase defines the 

problems and limitations of the product manufacturing process, creates tables that classify the production 

process and product quantities, and creates a fault tree. Next, identify the problem that caused the product 

to fail and create a fault tree.  

 

Development of Effect Analysis Model 

Failure Mode and Effect Analysis (FMEA) evaluates potential errors in a system, design, 

process, or service and develops procedures to correct these errors. FMEA quantifies all possible errors 

and determines processing priorities [26]. FMEA is a robust risk assessment method that categorizes 

errors based on results. The severity of errors is rated from 1 to 10. Risks can be minimized or eliminated 

in a company's design, production, and service stages [27].  FMEA is used to define, identify and resolve 

errors and problems in the production process, both known problems and potential problems that occur 

in the system as follows [28]: 

1. Determine the Severity Value 

The Severity level is used to identify the potential impact of a bug with the lowest level of 

severity or risk, with a rating of 10 being the highest level of severity or risk, as shown in Table 1. 

2. Determine the Occurrence Value 

An event means that this cause may occur during the product's life and lead to failure. Frequency 

ranking is determined from ranks 1 to 10. As can be seen in Table 2, rank 1 is a low or rare 

occurrence, and rank 10 is a high or frequent occurrence. 

3. Determine the detection value 

Detection is a step to prevent the failure of a service, process, or customer; it is also called 

testing or analysis. When determining the detection order, there are ratings from 1 to 10. Rank 1 is 

a control level that can (always) detect errors, and rating 10 is a control level that cannot detect 

errors. 

4. Calculate the RPN value 

RPN (Risk Priority Number) is an approach that multiplies the values of Severity, Occurrence, 

and Detection to determine priority actions. 

RPN = Severity (S) x Occurrence (O) x Detection(D)                                    (1). 

 
Table 1. Determining Severity Values 

Rantings Information 

1 The form of failure has an impact| 

2 

There was a minor disruption to the production line 

Product specifications do not match but are acceptable 

Attentive customers notice defects 

3 

Minor damage to the production line 

Product specifications do not match but are acceptable 

Some customers noticed defects 

4 

Minor damage to the production line 

Product Specifications Disagree but Accepted 

Agreed, the defect is generally known to the customer 

5 

Minor disruption to the production line 

Product specifications do not match but are acceptable 

These defects are generally known to customers 

6 
There was a minor disruption to the production line 

This defect does not affect further processing 

7 Production can run but does not meet specifications 
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Rantings Information 

There was a minor disruption to the production line 

The error affects one subsequent process 

The product becomes waste in the following process 

There was a minor disruption to the production line 

8 
The defect affects two processes 

The product becomes waste in the following process 

9 
Mistakes quickly become futile 

An error occurred with the warning 

10 
Mistakes quickly become futile 

The error occurred without prior warning 

 

Table 2. Determining Occurrence Values 

Ratings Criteria 

1.2.3 and 4 Low severity failure 

5 and 6 Occasional failure 

8 and 7 Repeated failure 

9 and 10 Failure is very high and irreversible 

 

Table 3. Determining the detection value 

Ratings Criteria 

1 100% of control tools can detect errors and function properly 

2 85-90% of control devices can detect errors and function properly 

3 80-85% of control devices can detect errors and function properly 

4 70-80% of controllers can detect errors and function normally 

5 65-70% of control devices can detect errors and function properly 

6 60-65% of control devices can detect errors and function properly 

7 30-50% of control devices can detect errors and function properly 

8 20-30% of controllers can detect errors and function normally 

9 0-20 % controller detects errors and functions correctly.  

l0 No errors detected 

 

Results and Discussion  

Identification of Supply Chain 
The results of the supply chain identification questionnaire were obtained from the participants 

in this study. The table of the supply chain identification questionnaire is in Table 4. The supply chain 

network involves multiple actors or parties from upstream to downstream [29]. The structure of the ant 

sugar supply chain has been identified as follows: farmers act as collectors of coconut palm juice, and 

SMEs act as producers and consumers, as shown in Figure 2. 
Table 4. Questionnaire of Supply Chain Identification 

No Question Answer 

1 Who are the members, and what are their 

roles? 

Coconut Palm Farmers, SMEs, Consumers 

2 How are the rules configured? Using a contract system 

3 Who are the business actors and processes 

in SCM? 

Farmers and SMEs 

4 How is the integration of each process? The integration used is very structured 

5 What management structure is used? Farmers, SMEs, consumers 

6 How is the contract binding? Wholesale system 

7 What resources are used? Man, Machine 
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Farmer SMEs Distributor

Consumers

Research limitations
 

Figure 2. depicts the structure of the supply chain for ant sugar 

Identify defective products in the supply chain.  

The defective product at the farmer level is coconut sap. The total production of coconut sap 

water was 1880 liters, with a defective amount of coconut sap water of 250 litres, while the defective 

product at the SMEs level was ant sugar. The total production of ant sugar is 400 kg, with the number of 

defects in ant sugar being 30 kg, as shown in Table 6. 

Table 5. Coconut Juice Defect Products 

No Month Production Amount (Liter) Defect Amount (Liter) 

1 November 460   60 

2 December 477  50  

3 January 474  73 

4 February 469  67  

Total 1880  250 

 
Table 6. Ant Sugar Defect Products 

No Month Production Amount (Kilogram) Number of Defects (Kilogram) 

1 November 100  10  

2 December 100  7  

3 January 100  5  

4 February 100  8  

Total 400  30  

 

Quality Control Model and Improvement Proposals  

1. FTA Analysis for Farmers  

FTA analysis data for coconut farmers is coconut sap water, as seen in Figure 3. The analysis 

results using FTA (Fault Tree Analysis) in Figure 4 show that human factors and environmental factors 

cause defects in coconut sap water. The human factor (workers) usually needs to pay attention to every 

step in applying the preservative composition to coconut sap, resulting in the sap becoming rotten or 

damaged. Environmental factors include the large number of animals that enter the coconut sap water 

reservoir and the soft natural wood that cannot be filtered.  

2. FTA analysis on SMEs  

FTA analysis data on small and medium enterprises, especially formate sugar products, is 

presented in Figure 4. The analysis results using Fault Tree Analysis (FTA) in Figure 4 show that human 

factors, mechanical factors, and other factors cause all saccharide defect problems. Material. These 

factors are: a. The human factor (workers) are usually not focused on paying attention to time during the 

process and are lazy about waiting for prolonged boiling and oven times, causing ant sugar production 

to experience defects in water content, brown color and experience clumping. b. Environmental factors, 

namely the room used is not clean, so it is mixed with small dirt. 
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Defects in coconut sap water

ManEnvironment

preservative composition 

does not meet standards

Dust/Dirt Water content

Rotten
 

Figure 3. FTA analysis of coconut sap water 

Defects in ant sugar

Man
Environment

Cleanliness

Brown 

color

High water 

content

Big 

lump

Decreased 

Concentration

Dust/Dirt

 

Figure 4. FTA analysis of ant sugar 

3. FMEA analysis and proposed improvements 

 Tables 7 and 8 show the results of FMEA analysis of coconut sap water and ant sugar. RPN 

values are determined based on the FMEA (Failure Mode And Effect Analysis) data analysis in 

descending order of magnitude. The FMEA analysis of the coconut sap water revealed that the defective 

product with the highest RPN value is rotten coconut sap water with an RPN value of 240. The formate 

sugar produced from damaged coconut sap water can cause the product to malfunction. The FMEA 

analysis of ant sugar with the highest RPN value showed that most of the ant sugar is either too large or 

below standard, with an RPN value of 320. Improvements need to be made based on the FMEA RPN 

analysis results to reduce this error. Tables 9 and 10 present the corrective suggestions for errors related 

to coconut sap water and ant sugar using the 5W+1H analysis. After analyzing the 5W+1H data, farmers 

need to measure the preservative, break the wood properly, and arrange it correctly using a spoon to 

avoid defects in the coconut juice. The sap water is boiled periodically and stirred vigorously during the 

crystallization of the palm sugar to prevent errors and ensure perfect ripeness. 
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Table 7. FMEA Analysis of Coconut Sap Water 

Failure 

Mode 

Failure Mode 

Effects 

Cause of Failure 

Mode 

Severity 

Rating 

Occurance 

Rating 

Detection 

Rating 

RPN 

Coconut sap 

water 

Man Rotten 10 6 4 240 

 Environment Dust/dirt 7 2 2 28 

  Water content more 

than 85.62% 

6 3 10 180 

 

Table 8. FMEA analysis of ant sugar  

Failure 

Mode 

Failure 

Mode 

Effects 

Cause of 

Failure Mode 

Severity 

Rating 

Occurrence 

Rating 

Detection 

Rating 

RPN 

Ant Sugar Man Dark brown 9 4 4 144 

Big lump 10 8 4 320 

Water content 

more than 3% 

6 2 4 48 

Environment Lots of dust/dirt 6 5 3 90 

 

Table 9. 5W+1H Analysis of Proposed Repair of Coconut Juice Water Defects  

 What  Why  Where  When  Who  How  

Type of 

defect 

Causati

ve 

factor 

What is 

the 

improvem

ent plan? 

Why do 

repairs 

need to 

be made? 

Where 

are these 

repairs 

carried 

out? 

When will 

the repairs 

be carried 

out? 

Who is the 

PIC in 

repairs? 

 

How to 

make these 

repairs? 

 

Coconut 

sap water 

Preserv

ative 

compos

ition 

does not 

meet 

standar

ds 

Measuring 

preservati

ves 

according 

to 

standards 

So that it 

is 

appropri

ate to 

measure 

the 

coconut 

sap water 

preservat

ive 

Improve

ments are 

made 

when 

measurin

g 

preservat

ives 

Improvem

ents are 

made 

according 

to the time 

the 

coconut 

sap is 

collected 

Coconut 

sap farmer 

Before 

collecting 

coconut sap 

water, 

farmers must 

measure the 

preservative 

and cracked 

wood 

correctly and 

use a spoon 

to make sure 

it fits 

properly 
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Table 10. 5W+1H Analysis of Proposed Improvement of Ant Sugar Defects  

  What  Why Where When  Who How 

Type 

of 

defect 

Causative 

factor 

What is the 

improveme

nt plan? 

Why do 

repairs 

need to 

be 

made? 

Where are 

these 

repairs 

carried 

out? 

When will 

the repairs 

be carried 

out? 

Who is 

the 

PIC in 

repair? 

How to carry out 

this repair? 

Ant 

sugar 

(lumps 

too 

big) 

Insufficie

nt or 

excessive 

level of 

doneness 

and less 

than 

optimal 

stirring 

Improving 

the quality 

of cooking 

properly so 

that the 

water 

content is 

low and 

stirring 

optimally 

So that 

the 

quality 

of the 

ant 

sugar is 

good 

"The ant 

sugar 

SME 

carried 

out some 

improve

ments." 

During the 

production 

process, 

production 

takes place 

Ant 

sugar 

SME 

Workers pay 

attention to the 

ongoing 

production 

process and 

carry out 

periodic checks 

when boiling the 

sap water so that 

the level of 

maturity is 

perfect and stir 

optimally so as 

not to cause 

failure in the 

crystallization 

of the ant sugar 

Managerial Implications  

This research is a quality control model that can help resolve significant problems at one of the SMEs in 

Indragiri Hilir Regency-Riau, especially in the ant sugar supply chain so that this SME can be sustainable. 

The main problem is the existence of defective products. Directed problem solving begins with 

identifying the ant sugar supply chain and continues with identifying the causes of defects and analyzing 

errors that occur in work activities by distributing the level of severity, occurrence and detection as well 

as creating a Risk Priority Number so that. It is hoped that solving this problem can help SMEs to reduce 

production defects thereby increasing added value so that SMEs can be sustainable. 

 

Conclusion  
 

This research has produced supply chain mechanisms and quality control models, as well as 

suggestions for improving ant sugar at the farmer and small business level. The ant sugar supply chain 

mechanism consists of supply chain members, namely farmers, small and medium businesses, and 

consumers. The supply chain mechanism starts from the upstream part, namely coconut farmers, and the 

downstream part consists of the SMEs themselves. Quality Control is carried out between SMEs and 

farmers. Analysis using fault tree analysis revealed the factors causing defects in coconut sap water and 

ant sugar, namely human and environmental factors. Improvements that can be made to carry out the 

process of repairing defects in RPN-based coconut sap water and ant sugar include providing the correct 

dose of resak wood as a preservative when harvesting coconut sap, as well as ensuring the correct dosage. 

Stir and make sure the ant sugar is completely cooked to avoid crystallization. In further research, it is 

necessary to continue with the creation of an application in the form of a decision support system so that 

if there are production defects it can speed up decision making for SMEs to improve quality. 
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