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Abstract

Fruit pulp extraction is a fundamental process in the food and beverage industries, essential for producing juices,
jams, purees, and nectars. This review provides an in-depth examination of the evolution, types, and technological
advancements in fruit pulp extraction machines. Historically, extraction was performed manually, but
mechanization in the 20" century introduced significant improvements. Modern machines, characterized by
automation and sophisticated technologies, enhanced efficiency, yield, and product quality. Recent innovations
include loT integration for real-time monitoring, Al-driven optimization, and advanced blade and sieving designs.
Energy-efficient technologies, such as thermal recovery systems and low-energy pulping, and eco-friendly
materials contribute to sustainability. Additionally, multifunctional machines and non-thermal processing methods
like cold press and ultrasound-assisted extraction offer increased versatility and nutrient preservation. Innovations
in hygiene, including automated cleaning systems and UV sterilization, improve safety and reduce contamination.
Modular designs and data-driven quality control further enhance machine adaptability and performance. This
review highlights the transformative impact of these advancements on the efficiency, cost-effectiveness, and
sustainability of fruit pulp extraction processes, providing a comprehensive overview of current trends and future
directions in the field.

Keywords: fruit pulp extraction, automation, energy efficiency, waste reduction, food processing

technologies

1. Introduction

The loss of fresh fruits after harvesting is not new since it has constantly been a challenge for humankind. The
growing population in developing countries, where food shortages exist, require serious food security measures to
address hunger and malnutrition. The post-harvest shelf life of maximum fruits is very limited due to their
perishable nature. In India more than 20-25 percent of fruits and vegetables are spoiled before utilization. Despite
being the world’s second largest producer of fruits and vegetables, in India only 1.5 percent of the total fruits and

vegetables produced are processed to pickles, fruit and vegetable drinks, tomato ketchup, fruit jelly, candy, juices,
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jam, and dried and fried fruits. Due to this spoilage at different stages, the farmers have been losing approx. 30%
and 40% of the value of their fruits and vegetables before they reach the final consumer. These losses are observed
during harvesting, handling, packaging & storage, transportation, processing stages, distribution & consumption.
Shelf life of a food is the period of time under defined conditions of storage, after manufacture or packaging,
during which a food product will retain desired sensory, chemical, physical and microbiological characteristics
and remain safe & suitable for use. Post-harvest loss negatively impacts food security, nutrition and economic
stability of farmers, exporters, traders and consumers.

Fruit pulp extraction is a critical process in the fruit processing industry, where the edible portion of the fruit is
separated from its skin, seeds, and other non-edible parts. This process is essential in manufacturing various
products like juices, jams, purees, and nectars [1]. The development of efficient pulp extraction machines has
revolutionized this industry, enabling high-volume production, improved yield, and enhanced product quality [2].
Fruit pulp extraction plays a vital role in maximizing the utilization of raw materials, reducing food waste, and
meeting the growing demand for processed fruit products. With the increasing focus on sustainability and
efficiency, the design and operation of fruit pulp extraction machines have evolved to ensure minimal waste, high
throughput, and energy efficiency [3].

This review aims to provide a comprehensive overview of fruit pulp extraction machines, focusing on their design,
operation, types, technological advancements, and applications. The paper also addresses the challenges in the
pulp extraction process and explores future trends in the development of these machines.

2. Historical Overview of Fruit Pulp Extraction Machines

Historically, fruit pulp extraction was carried out manually, where fruit was processed using rudimentary tools
such as knives, grinders, or pressing devices. With the advent of industrialization, the need for mechanization
became evident to meet increasing consumer demand for processed fruit products [4]. The initial mechanized pulp
extraction machines were simple devices powered by hand cranks or basic motors. These early machines focused
on improving throughput while maintaining the manual separation process. One notable example is the
development of the screw press, which allowed for continuous operation, unlike batch-based manual systems. In
the 20" century, advancements in electrical engineering and automation paved the way for more sophisticated
machines capable of handling larger volumes of fruit with greater precision. Innovations such as centrifugal force-
based systems, hydraulic extractors, and automated sieving mechanisms marked the significant improvements [5].
Modern fruit pulp extraction machines are highly automated, incorporating advanced technologies such as
programmable logic controllers (PLCs), sensors, and 10T systems. These machines can now perform multiple

functions, such as deseeding, pulping, and sieving, in a single integrated system [6, 7].

3. Types of Fruit Pulp Extraction Machines
Fruit pulp extraction machines are categorized based on their degree of automation, design, and specialization.
The manual types include machines where most operations require human intervention. Although they are cost-

effective, their throughput is limited, and they are only suitable for small-scale operations or household use [8].
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Semi-Automatic machines automate parts of the process, such as feeding or sieving, but still require manual control
for operations like cleaning or waste disposal. Semi-automatic machines strike a balance between cost and
efficiency and are often used in small to medium-scale industries. Fully automated machines are equipped with
sophisticated control systems and sensors, allowing for continuous operation without the need for manual
intervention. These machines are typically used in large-scale industrial applications where high throughput and
minimal labour are required [9, 10].

Some Specialized machines are designed for specific types of fruits, particularly those with unique challenges,
such as mangoes (with large pits), citrus fruits (with high juice content), or berries (with delicate skins) [11].
Specialized machines enhance efficiency and reduce wastage for particular fruit varieties. A comparative analysis
of these types reveals trade-offs between cost, operational complexity, throughput, and the variety of fruits
processed. Fully automated machines, while more expensive, offer significant long-term benefits in terms of labour
savings and production consistency [12].

4. Working Principles of Fruit Pulp Extraction Machines

The working principles of fruit pulp extraction machines vary based on their design and the type of fruit being
processed. The most common types include mechanical pulp extractor machines use rotating blades or beaters to
macerate the fruit and separate the pulp from seeds and skins. The pulp is then forced through a sieve, with waste
being expelled from the system [13]. Some pulp extraction machines utilize hydraulic or pneumatic pressure to
press the fruit against a perforated screen, allowing the pulp to pass through while retaining the waste. These
systems are particularly effective for fruits with high fibre content [14]. Modern pulp extraction machines are
powered by electric motors and controlled through automated systems. These machines often use centrifugal force
to separate the pulp from the waste, ensuring a high yield and consistent product quality [15].

Each mechanism has its advantages and disadvantages. Mechanical pulpers are efficient but may require more
maintenance due to wear on blades, while hydraulic systems offer greater precision but can be slower. Automated

systems provide the highest efficiency but are expensive and require significant upfront investment [16].

5. Major Components of a Fruit Pulp Extraction Machine

Motor and Drive Systems are responsible for powering the blades, sieves, or hydraulic systems, ensuring smooth
operation. Knives or blades cut and macerate the fruit, while sieving units separate the pulp from the seeds and
skin [17]. Feed mechanisms ensure that fruit is continuously delivered to the extraction unit at a steady rate,
maximizing throughout. After extraction, the pulp is collected in a separate chamber, and waste is expelled from
the system for disposal or further processing. Modern machines use programmable logic controllers (PLCs) to

monitor and control the operation of the machine, ensuring consistent performance [18].

6. Automation and IoT Integration

Smart Machines with 10T are equipped with sensors that gather real-time data on machine performance, pulp
quality, and operating conditions. These sensors allow for remote monitoring and control through 10T (Internet of
Things) platforms. Operators can adjust machine parameters in real-time, optimizing the extraction process for
different types of fruit [19]. Artificial Intelligence (Al) is being used to enhance pulp extraction by analysing large

3|Page




International Journal of Advanced Technology in Engineering and Science g

Vol. No. 12, Issue No. 09, September 2024 ij ates
WwWw.ijates.com ISSN 2348 - 7550

datasets on fruit properties, machine performance, and energy use. Al algorithms can optimize settings like blade
speed, pressure, and temperature to maximize pulp yield and minimize energy consumption [20].

Automation reduces the need for manual intervention, improving both speed and consistency. Machines equipped
with PLCs (Programmable Logic Controllers) or similar control units can automatically adjust settings like blade
speed, pressure, and temperature based on real-time data from sensors. This leads to optimized operation without
requiring constant human oversight [21]. Integrating IoT (Internet of Things) capabilities enables remote
monitoring and control of the machine. Operators can adjust settings, monitor performance, and detect issues from
any location. This real-time data enables predictive maintenance, reducing downtime and ensuring consistent
production [22].

Installing sensors that monitor machine health (e.g., motor vibration, temperature, and wear on critical
components) can predict when maintenance is required. By preventing breakdowns and optimizing maintenance
schedules, operators can avoid unexpected downtime and reduce operational interruptions [23]. Automated
Cleaning Systems Incorporating Clean-in-Place (CIP) technology that automates the cleaning process without
disassembly, maintaining hygiene standards while minimizing downtime. CIP systems reduce the time spent on
manual cleaning, ensuring that the machine is ready for continuous operation [24, 25].

7. Advanced Blade and Sieve Design

Recent machines are featured with interchangeable blades designed for specific fruits. For example, softer fruits
like berries require different cutting mechanisms compared to harder fruits like mangoes. These specialized blades
improve extraction efficiency and reduce wastage [26]. Innovations in sieving technology have led to more precise
separation of pulp from seeds and skin, resulting in higher pulp purity. Sieve materials like food-grade stainless
steel with fine mesh designs have improved durability and hygiene [27, 28].

Some recent machines can perform multiple functions such as juicing, pulping, deseeding, and sieving in a single
unit. This integration of functions reduces operational complexity, footprint, and energy use in large-scale
processing plants [29]. Multifunctional machines offer customizable settings that allow operators to adapt the
machine for different fruit types and desired final products (e.g., puree vs. juice). This flexibility makes the

machines suitable for a wide range of applications [30, 31].

8. Non-Thermal Processing Technologies

Modernizations in cold press technology have allowed for pulp extraction without the need for heat. Cold press
machines preserve more nutrients and Flavors in the fruit pulp by minimizing thermal degradation [32]. Ultrasound
technology is being used to improve the efficiency of pulp extraction by breaking down cell walls in fruit tissue,
thus enhancing the release of pulp. This method is particularly useful for extracting pulp from delicate fruits like
berries [33]. Automated Cleaning machines come with Clean-in-Place (CIP) systems that automate the cleaning
process. This ensures thorough sanitation between processing batches, reducing the risk of contamination and
adhering to food safety standards [34]. Some machines incorporate UV sterilization to kill pathogens and bacteria

on fruit surfaces before processing, improving hygiene without the need for chemical sanitizers [35].
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9. Sustainability and Waste Management

New machines are designed to minimize waste by processing leftover skins, seeds, and fibre into by-products like
animal feed, biofuel, or natural fertilizers. This approach reduces the environmental impact of fruit pulp extraction
while creating additional revenue streams [36].

Machines equipped with advanced recycling systems for water and energy help reduce operational costs and
contribute to sustainability goals. These innovations are shaping the future of fruit pulp extraction, making the
process more efficient, sustainable, and adaptable to diverse industrial needs. They align with broader trends in
food processing, which emphasize automation, resource efficiency, and high-quality output. Improving the
efficiency of fruit pulp extraction machines can be achieved through various strategies that focus on optimizing
operational performance, reducing energy consumption, minimizing waste, and improving output quality [37].
Optimizing the design of the blades used in the machine can significantly enhance the pulping process. Sharp,
durable, and adjustable blades tailored for different fruit types improve the separation of pulp from seeds and skins.
Implementing precision cutting and self-sharpening blades reduces wear and ensures consistent performance over
time [38].

The sieving unit is critical for separating the pulp from the seeds and skins. Improving the mesh design or material
of the sieves (e.g., using fine-mesh stainless steel or advanced synthetic materials) can lead to better pulp quality
and higher yields. A well-designed sieve reduces clogging and enhances throughput. Upgrading to energy-efficient
motors and drive systems can significantly reduce the power consumption of the machine. For example, variable
frequency drives (VFDs) allow for fine control over motor speed, ensuring that the machine only consumes the
energy necessary for the task at hand, reducing wastage during low-load conditions [39]. Machines that generate
excess heat during the extraction process can incorporate thermal recovery systems. These systems capture waste
heat and use it for other processes within the plant, such as drying or pasteurization, reducing the overall energy
consumption of the facility. Ensuring that fruit is fed into the machine at a consistent rate improves overall
throughput. Automated feed systems or conveyors can regulate the flow of fruit to match the machine’s pulping
capacity, preventing bottlenecks and ensuring a steady production pace [40].

Ensuring quick changeovers between batches or different types of fruits is crucial for improving overall efficiency.
Modular machines that allow for easy adjustments to settings or components (e.g., swapping blades or sieves)
enable faster transitions, reducing downtime between operations. Fruits vary widely in texture, seed content, and
fibre structure, so tailoring machine settings like blade speed, pressure, and sieve size to the specific fruit being
processed can improve pulp yield. Automated machines equipped with programmable settings can switch between
different fruits with minimal manual adjustment [41]. Ultrasound technology can be used to break down the cell
walls in fruit tissue, making it easier to extract pulp. This technique can increase the yield of pulp, particularly in

delicate fruits like berries, while preserving nutrients and improving the consistency of the final product [42].

10. Modular Design for Scalability
Using a modular design approach, where key components such as motors, blades, and sieves can be easily swapped
out or upgraded, allows businesses to scale their operations without purchasing entirely new machinery. This

increases flexibility and reduces costs in adapting the machine to different production volumes or fruit varieties.
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Multifunctional Capabilities Machines that can perform multiple functions (e.g., pulping, sieving, and juicing) in
one unit reduce the need for additional equipment. This not only minimizes the space required but also consolidates
operations, enhancing overall process efficiency [43].

Improving the layout of the pulp extraction facility can optimize the entire process. For example, ensuring smooth
transitions between washing, sorting, and extraction stages can reduce unnecessary handling and transport, leading
to faster overall processing times. Automation doesn’t need to stop at pulp extraction. Automating fruit sorting,
washing, and waste disposal processes in sync with pulp extraction ensures that the machine operates at full
capacity without delays caused by human labour [44].

11. Real-Time Monitoring and Quality Control

Installing real-time sensors that monitor the quality of the extracted pulp (e.g., texture, consistency, moisture
content) ensures that the machine is operating at optimal efficiency. Real-time feedback allows operators to adjust
settings immediately to avoid issues like pulp wastage or suboptimal quality [45]. Leveraging data analytics
platforms that gather and analyse performance metrics (such as yield rate, energy consumption, and maintenance
history) can help identify inefficiencies. Machine learning algorithms can also suggest adjustments to improve
throughput or reduce energy use based on historical data [46].

12. Conclusion

Improving the efficiency of fruit pulp extraction machines involves a multi-faceted approach, combining
advancements in machine design, automation, energy management, waste reduction, and smart technologies. By
integrating innovations like automation, 10T, and predictive maintenance, manufacturers and operators can
significantly increase productivity, reduce operational costs, and enhance product quality. Ensuring that machines
are flexible and scalable also allows for long-term sustainability, making them adaptable to changing industry
demands. As these improvements continue, the future of fruit pulp extraction will see machines that are faster,
smarter, and more environmentally sustainable.
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