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ABSTRACT 

 
Ginger extract powder is a popular product in the beverage and health industry, requiring careful 
processing to produce high-quality results. This study aims to determine the efficiency of the 
stirring blade design on the ginger extract powder stirring machine. The intensive stirring process 
can lead to faster wear of the blades, making the selection of suitable materials crucial. The 
research was conducted through direct observation at UKM Bekti Pertiwi. The data collection 
process was structured to capture both quantitative data: 1) Energy consumption: energy used by 
the machine was measured in kilowatt-hours (kWh) using a standardized electricity meter, and 
2) Cycle time: the time for a full cycle was recorded, from material input to the completion of the 
stirring process. A controlled sample of 2 kg of ginger essence was used in each test to standardize 
conditions and ensure consistent results. The sample size was chosen based on typical batch sizes 
processed by SMEs, aiming to represent common production volumes. The ginger essence sample 
was prepared with a standardized consistency and viscosity to reduce variability and ensure 
repeatability across tests. The stirring blade samples were manufactured from stainless steel with 
a Teflon coating, selected due to its corrosion resistance and durability in acidic environments. 
Blade dimensions were set to 504 mm in diameter and 3 mm in thickness, based on initial design 
research suggesting these dimensions as optimal for the desired mixing efficiency and wear 
resistance. Each test was conducted under the same operational settings, including motor speed 
and cycle duration, to maintain uniformity in testing conditions. Results indicate that a 
combination of stainless steel and Teflon in the stirring blades provides optimal performance, 
with energy consumption reaching 0.1072 kWh for 2 kg of ginger extract. The electricity cost for 
one production cycle is IDR 144.93. These findings can be used for future production planning, as 
well as to improve operational efficiency and the quality of ginger extract products. 
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INTRODUCTION 

Ginger extract is a popular processed 

product in the beverage and health industry  

[1]. Ginger extract, a concentrated extract 

derived from the root of Zingiber officinale, 

has gained significant traction in the beverage 

and health industry due to its potent flavor 

and well-documented health benefits [2][3]. 

Traditionally used in both culinary and 

medicinal applications, ginger is valued for its 

anti-inflammatory, antioxidant, and digestive 

properties. It contains bioactive compounds 

like gingerol and shogaol, which have been 

shown to aid in reducing nausea, alleviating 

muscle pain, and enhancing immune function 

[4]. 

The global demand for natural health 

products has been on the rise, with consumers 

increasingly seeking alternatives to artificial 

flavorings and synthetic ingredients. This shift 

has opened a promising market for ginger-

based products, including ginger teas, 

wellness shots, juices, and herbal remedies. As 

a result, the production of high-quality ginger 

essence is now critical for companies striving 

to meet this demand. A well-processed ginger 

essence provides a concentrated, stable, and 

potent form of ginger that can be readily 

incorporated into both beverages and 

supplements without losing its therapeutic 

qualities [5][6][7][8]. 

For small and medium-sized enterprises 

(SMEs), optimizing ginger extract production 

can enhance both product quality and 

profitability. However, ginger extract is 

particularly challenging to process due to its 

high viscosity and particulate content, which 

can lead to sedimentation and uneven mixing. 

Efficient stirring and mixing are thus essential 

to maintain the consistency and potency of the 

final product, which directly impacts flavor, 

shelf stability, and consumer satisfaction. 

Ginger extract requires careful 

processing to produce a high-quality product 

[9]. One of the crucial stages in this process is 

stirring, which aims to mix the ginger essence 

evenly and avoid sedimentation of 

undissolved ginger particles.  

The efficiency of a ginger essence mixer 

depends on several factors such as machine 

energy consumption, machine dimensions, 

and cycle time analysis [10]. In this context, 

improving the design and materials of stirring 

equipment for ginger extract processing is not 

only important for operational efficiency but 

also essential for producing a product that 

meets industry standards for quality [11][12]. 

By achieving uniform mixing and reducing 

material wear, companies can lower 

maintenance costs, enhance product quality, 

and deliver a consistent product to the health-

conscious consumer market [13]. 

The stirring blade is an important 

component in the stirring machine that serves 

to mix and homogenize the ginger essence 

[14]. Choosing the right material for the 

stirring blade greatly affects the performance, 

efficiency, and durability of the equipment 

[15]. Ginger essence is characterized by high 

viscosity and contains small particles, which 
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requires the stirring blade to have good 

mechanical strength and corrosion resistance. 

The material should also minimize friction and 

wear, ensuring consistent mixing without 

compromising the quality of the ginger 

essence [16]. 

Problems often encountered in the 

material selection of stirring blades include 

resistance to the acidic chemicals of ginger 

essence, wear resistance, and the ability to 

provide effective stirring [17]. Unsuitable 

materials can cause damage to the stirring 

blades and reduce the efficiency of the 

production process, as well as affect the 

quality of the ginger essence produced. In 

addition, ergonomic design is an issue. Blade 

wear and ergonomic design are two major 

problems often encountered in the 

development of ginger essence mixer blades. 

Mixer blade materials are often made of 

materials that are not durable or suitable for 

the characteristics of ginger essence [18]. 

Some of the most used materials are wood and 

stainless steel. 

The intensive stirring process causes the 

blades to wear faster than they were designed 

to [19]. Intensive friction between the blade 

material and the pan can also affect the wear 

rate and hinder the speed of the stirring 

process. In addition, blade design also affects 

the effectiveness of the stirring process. Blade 

designs with optimal angles and thicknesses 

can reduce wear and increase machine 

productivity [20]. 

To address these challenges, research and 

innovation in stirrer blade materials is critical. 

Proper material selection will not only 

increase the service life of the agitator blades, 

but also contribute to reduced maintenance 

costs, improved energy efficiency, and 

consistent quality of the final product 

[21][22]. Therefore, it is important to explore 

different types of materials and stirring blade 

designs that can meet the specific needs in 

ginger essence processing. 

Engine energy consumption refers to the 

amount of energy used by the engine in the 

process of its operation [23]. Engine energy 

consumption is expressed in kilowatt-hours 

(kWh). Engine energy consumption can be 

calculated with the following steps: 1) 

determine engine power; 2) measure 

operating time; 3) and calculate energy 

consumption. Engine power is usually listed in 

the engine's technical specifications and is 

expressed in kilowatts (kW).  

The stirring speed of a ginger essence 

mixer refers to how fast the stirring blade 

rotates while mixing the ginger essence. The 

stirring blade is an important component in 

the mixer machine that serves to mix and 

homogenize the ginger essence. The selection 

of the right material for the stirring blade 

greatly affects the mixing effectiveness, 

product consistency, process time, and quality 

[24]. Ginger essence is characterized by high 

viscosity and contains small particles, which 

requires the stirring blade to have good 

mechanical strength and corrosion resistance.  
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Cycle time is the duration required to 

complete one complete round of the stirring 

process [25]. Starting from inputting 

materials to getting the result and removing 

the finished product. The cycle time analysis of 

the ginger essence stirring machine refers to 

the assessment of the time required to 

complete one full cycle of the stirring process. 

It is an important measure in understanding 

machine efficiency and productivity [26]. Here 

are some key aspects of cycle time analysis: 1) 

preparation time is the time required to 

prepare the raw materials before starting to 

stir, including loading the ginger essence into 

the machine; 2) stirring time is the duration of 

stirring or mixing the ginger essence in the 

machine; and 3) discharge time is the time 

required to discharge the ginger essence after 

the stirring process is complete [15][27].  

The purpose of the study was to 

determine the efficiency of the stirring blade 

design on the performance of the ginger 

essence stirring machine. When the 

operational efficiency is known, the results of 

this study can be used for further production 

planning. 

 

RESEARCH METHOD 

The use of direct observation in this study 

was strategic due to several key advantages 

[28]. Direct observation allows for real-time 

monitoring of machine operations and 

interactions between components (e.g., 

stirring blades and ginger essence), which is 

critical in understanding wear patterns, 

material behavior, and energy use. Unlike 

automated data logging or indirect 

observational methods, direct observation 

enables the researcher to note nuanced 

interactions, such as subtle vibrations or 

sounds indicating blade wear, which can 

provide early warnings of mechanical issues. 

Additionally, direct observation is more 

adaptable, allowing adjustments to data 

collection as unexpected conditions arise (e.g., 

variations in viscosity of ginger essence). This 

method offers a comprehensive perspective 

on operational efficiency and cycle time, 

capturing qualitative insights alongside 

quantitative measurements. Given the 

exploratory nature of this study, direct 

observation was chosen to maximize the 

quality and depth of data, setting a strong 

foundation for future controlled studies or 

automated monitoring implementations. 

The design research process involved 

iterative analysis and testing to optimize the 

ginger essence stirring blade. Using Autodesk 

Inventor, the blade’s dimensions, geometry, 

and material composition were carefully 

modeled and refined. The primary objectives 

in the design phase were to achieve 

homogeneous mixing, reduce wear, and 

maintain energy efficiency. 

A user-centered design approach was 

employed, considering the needs of small and 

medium-sized enterprises (SMEs) that 

process ginger essence. Key considerations 

included the blade’s ease of maintenance, 

cost-effectiveness, and longevity. By 
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integrating these factors, the design phase 

focused on balancing performance with 

durability in real-world production settings. 

Performance testing of the ginger essence 

mixer machine was carried out on July 28, 

2024, at UKM Bekti Pertiwi. The data 

collection process was structured to capture 

both quantitative data. Quantitative data: 1) 

Energy consumption: Energy used by the 

machine was measured in kilowatt-hours 

(kWh) using a standardized electricity meter, 

and 2) Cycle time: The time for a full cycle was 

recorded, from material input to the 

completion of the stirring process.  

The research method used to determine 

the operational effectiveness of the ginger 

essence mixer machine is observation. This 

research step consists of 1) the type of 

observation used is direct observation; 2) the 

observation instrument used is a recording 

form; and 3) data analysis. 

A controlled sample of 2 kg of ginger 

essence was used in each test to standardize 

conditions and ensure consistent results. The 

sample size was chosen based on typical batch 

sizes processed by SMEs, aiming to represent 

common production volumes. The ginger 

essence sample was prepared with a 

standardized consistency and viscosity to 

reduce variability and ensure repeatability 

across tests. 

The stirring blade samples were 

manufactured from stainless steel with a 

Teflon coating, selected due to its corrosion 

resistance and durability in acidic 

environments. Blade dimensions were set to 

504 mm in diameter and 3 mm in thickness, 

based on initial design research suggesting 

these dimensions as optimal for the desired 

mixing efficiency and wear resistance. Each 

test was conducted under the same 

operational settings, including motor speed 

and cycle duration, to maintain uniformity in 

testing conditions. 

The data analysis step starts from 

grouping the data that has been obtained in 

the field such as engine power consumption 

data and operating time. Next, an assessment 

of the data that has been collected is carried 

out. 

Machine operating time is a record of how 

long the machine operates. The unit used to 

measure operating time is the hour. Cycle time 

is a record of the time from putting ginger 

essence into the stirring machine until it is 

finished, and the ginger essence is emptied 

from the machine. The way to calculate cycle 

time is by using the formula: 

𝑐𝑦𝑐𝑙𝑒 𝑡𝑖𝑚𝑒 = 𝑜𝑢𝑡𝑙𝑒𝑡 𝑡𝑖𝑚𝑒 − 𝑖𝑛𝑙𝑒𝑡 𝑡𝑖𝑚𝑒 

Where: 

Inlet time: Record the time the ginger essence 

is fed into the machine. 

Out time: record the time when the stirring is 

completed, and the finished product is 

removed from the machine. 

The formula used to calculate energy 

consumption is as follows: 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = 𝑝𝑜𝑤𝑒𝑟 𝑥 𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑡𝑖𝑚𝑒𝑒 

Where: 

Energy consumption (kWh) 
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Engine power (kW) 

Engine operating time (hour) 

 

RESULT AND DISCUSSION  

The analysis of needs and specifications is 

seen from the aspects of stirring objectives, 

material characteristics, and dimensions. The 

purpose of stirring ginger essence is to achieve 

homogeneous crystallization of ginger 

essence and minimize sediment or scale on the 

pan. The selection of suitable materials 

becomes the next important point. The 

selection of Teflon material is done with the 

consideration that Teflon material is one of 

the food grade materials so that it can be 

applied to food processing machines. In 

addition, Teflon material is flexible enough to 

reduce sediment or crust on the pan. The 

dimensions of the stirring blade are an 

important point.  

The design process is carried out using 

Autodesk Inventor software. The 3-

dimensional cross section can be seen from 

Figure 1.  

 

Figure 1. 3D stirring blade design result 

The material used as the main frame of 

the stirring blade is stainless steel. The stirring 

blade uses a combination of 3 mm stainless 

steel blades and Teflon. This combination is 

done to improve the quality of the ginger 

essence mixture and operating time so that an 

effective energy consumption value is 

obtained [29][30][31]. The diameter of the 

stirring blade of the machine shown in Figure 

1 is 504 mm. 

 

Figure 2. Stirring blade dimension 

Testing the performance of the ginger 

essence stirring machine was carried out by 

cooking 2 kg of ginger essence. It is known that 

the motor power used in the ginger essence 

stirring machine is 160 watts. The recording 

time from the time the ginger essence is put 

into the pan (Fig. 3) until it comes out of the 

machine (fig. 4) is 50 minutes. While the time 

needed to cook ginger essence is 45 minutes.  

 

Figure 3. Initial condition 
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Figure 4. Final condition 

Engine energy consumption can be 

determined by performing the following 

calculations: 

energy consumption = Power 𝑥 Operating 

energy consumption = 0,160 kw 𝑥 0,67 hour 

energy consumption = 0,1072 kwh 

The amount of electrical energy used by 

the ginger essence mixer in one production of 

2 kg of ginger essence required 0.1072 kWh. 

Energy consumption data can be used to 

calculate operational costs. The cost of 

electricity bill for Bekti Pertiwi SMEs, which 

are included in the R1 Household Power 900 

VA customer group, is IDR 1,352 per kWh. This 

means that in one production of 2 kg of ginger 

essence, the electricity cost required is as 

much as: 

𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑥 ℎ𝑜𝑢𝑠𝑒ℎ𝑜𝑙𝑑 𝑝𝑜𝑤𝑒𝑟  

𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 = 0,1072 𝑘𝑊ℎ  𝑥 𝐼𝐷𝑅 1.352/𝑘𝑊ℎ  

𝑒𝑛𝑒𝑟𝑔𝑦 𝑐𝑜𝑠𝑡 = 𝐼𝐷𝑅 144,93  

The amount of electricity costs required by 

UKM Bekti Pertiwi in one production is IDR 

144.93.  

The findings of this study provide 

valuable insights into optimizing ginger 

essence processing by refining the design and 

material selection of stirring blades. The use of 

stainless steel and Teflon materials for the 

blade demonstrated several performance 

benefits, including reduced wear and 

increased energy efficiency, which are 

essential for consistent, high-quality 

production. 

The energy consumption rate of 0.1072 

kWh per production cycle translates to a low 

operating cost of IDR 144.93 per cycle, making 

this stirring machine economically viable for 

small and medium enterprises (SMEs) like 

UKM Bekti Pertiwi. For comparison, 

traditional stirring methods or machines 

using less efficient designs typically have 

higher power demands due to increased 

friction and suboptimal mixing, which can lead 

to both higher energy costs and more frequent 

maintenance. This study’s results suggest that 

optimized blade materials and design can 

lower operational costs and energy use, 

providing an environmentally sustainable 

solution that aligns with the global push 

toward greener industrial practices. 

Material Performance: The combination 

of stainless steel and Teflon proved effective in 

addressing wear and corrosion, critical factors 

given ginger essence’s acidic properties. 

Stainless steel offers the mechanical strength 

needed to handle the high viscosity and 

particulate content of ginger essence, while 

Teflon provides a smooth, food-grade surface 

that reduces friction and prevents sediment 

buildup. This material synergy not only 

minimizes the risk of contamination and 
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degradation but also extends the blade’s 

operational lifespan. As a result, this material 

selection significantly contributes to product 

consistency and machine durability, reducing 

the downtime and cost associated with 

frequent blade replacements. 

Further studies could explore additional 

materials or coatings that might improve 

blade durability even more, particularly in 

higher-volume production settings. 

Composite materials, for instance, might offer 

increased resistance to wear while 

maintaining food safety standards. 

The analysis of cycle time—

encompassing preparation, mixing, and 

discharge stages—highlights opportunities to 

further streamline production. While the 

machine operates efficiently for a 2 kg batch, 

scaling up production would require 

adjustments in both machine capacity and 

blade design. Optimizing the blade geometry, 

such as adjusting angle and thickness, could 

enhance mixing efficiency, reduce cycle time, 

and potentially allow for larger batch 

processing without compromising quality. 

By reducing cycle time, SMEs could 

increase production throughput, meeting 

higher demand without substantial energy 

cost increases. Additionally, future designs 

could integrate automated cycle tracking or 

IoT-based monitoring to further optimize 

cycle times, minimize energy consumption, 

and alert operators to any wear or 

performance issues in real-time [32]. 

This study demonstrates a scalable, cost-

effective solution that could be adapted across 

various food and beverage production 

processes that involve viscous mixtures, such 

as sauces, herbal extracts, and other 

concentrated beverages. By focusing on 

energy-efficient design and durable materials, 

similar equipment could be tailored to 

industries aiming to minimize waste and 

energy consumption, enhancing the 

environmental sustainability of production 

practices. Furthermore, using such optimized 

machines aligns with industry standards, such 

as those set by ISO 50001, promoting energy 

management and sustainability. 

While this study provides a solid 

foundation, further research could explore: 1) 

Scaling Efficiency for Larger Batches: Testing 

the blade design and energy efficiency at 

various production volumes would provide 

insights for larger-scale producers, 2) 

Alternative Blade Designs: Investigating blade 

shapes and angles tailored to different 

viscosities or particulate compositions could 

offer even better mixing efficiency and 

product quality, and 3) Wear and Durability 

Testing Under Varied Conditions: Extending 

the testing period and using various 

environmental conditions would yield more 

data on long-term durability, which is critical 

for industrial adoption. 

By addressing these factors, this study 

contributes significantly to the growing body 

of knowledge focused on cost-efficient, 

durable, and environmentally sustainable 
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equipment solutions for the food and 

beverage industry. Implementing these design 

improvements in production environments 

supports SMEs in achieving higher 

operational efficiency, reducing costs, and 

ultimately delivering consistent, high-quality 

products to meet consumer demand. 

 

CONSLUSION 

This study successfully demonstrates that 

the optimized design and material selection of 

stirring blades—using a combination of 

stainless steel and Teflon—significantly 

enhances the efficiency and durability of 

ginger extract stirring machines. By effectively 

reducing wear and providing superior mixing 

consistency, this design contributes to a lower 

operational cost, with each 2 kg production 

cycle consuming only 0.1072 kWh of energy at 

an approximate cost of IDR 144.93. These 

findings highlight the potential for small and 

medium enterprises (SMEs) to improve 

production efficiency while maintaining 

product quality and reducing operational 

expenses. 

The enhanced durability of the stainless 

steel and Teflon blade combination proves 

essential in addressing the challenges of high 

viscosity and particulate content in ginger 

essence. This design choice minimizes blade 

replacement frequency, reduces downtime, 

and extends machine life, making it a practical 

choice for SMEs focused on cost-effective, 

high-quality production. Additionally, the 

energy efficiency achieved in this study aligns 

with broader industry goals to reduce 

environmental impact, showcasing a model of 

sustainable equipment design. 

Looking forward, further research on 

scaling production and testing alternative 

materials could provide even greater insights 

into optimizing similar processing machines 

for other food and beverage applications. 

Overall, this study’s approach to material 

selection, energy efficiency, and cost 

optimization offers a valuable framework for 

SMEs seeking to enhance their production 

capabilities in a competitive market. 
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