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Mechanical Properties of Agricultural
Produce
1: Introduction
11 Overview of Mechanical Properties in Agriculture

Mechanical properties refer to the behavior of agricultural produce
under various forces, such as compression, tension, shear, and bending
These properties influence how the produce is handled, stored,
processed, and transported Key mechanical properties include:

Strength: The ability of a material to resist deformation under load

Elasticity: The ability to return to its original shape after
deformation

Plasticity: The ability to undergo permanent deformation without
breaking

Hardness: Resistance to surface deformation

Toughness: The ability to absorb energy before fracturing

12 Importance of Mechanical Properties of Agricultural Produce

The mechanical properties of agricultural produce are important
because they determine:
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How crops can be harvested without causing damage

How products should be packaged and transported to avoid
bruising or breakage

The processes involved in food manufacturing (eg, milling, crushing)

The post-harvest quality and shelf life of products

2: Basic Mechanical Properties and Definitions
21 Strength of Materials

Tensile Strength: The maximum force a material can withstand
while being stretched before breaking For example, the tensile
strength of a corn stalk helps determine its resistance to being
pulled during harvesting

Compressive Strength: The ability of a material to withstand axial
compression Many fruits and vegetables are susceptible to damage
from compressive forces during transportation and storage

Shear Strength: The ability of a material to resist forces that cause
it to slide or shear This is particularly important for the cutting and
processing of agricultural product
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Flexural Strength: The ability of a material to withstand bending
forces For example, a carrot or potato’s resistance to bending
affects how they are stored and processed

22 Elasticity

Elasticity refers to a material's ability to return to its original shape after
being deformed In agricultural produce, elasticity can determine how
products like tomatoes or apples react to mechanical stresses during
handling

23 Plasticity

Plasticity refers to a material's ability to undergo permanent
deformation without breaking This is important for crops that undergo
significant deformation during harvesting, processing, or shipping, like
fruits and soft vegetables

24 Hardness

Hardness measures the resistance of a material to surface deformation,
scratching, or indentation Hardness is important for determining the
quality and shelf life of fruits and vegetables For instance, the hardness
of an apple determines how well it will withstand pressure during
storage and transport

3: Factors Influencing the Mechanical Properties of
Agricultural Produce
31 Moisture Content
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The moisture content in agricultural produce has a direct impact on
mechanical properties such as strength, elasticity, and plasticity As
moisture content increases, produce becomes more susceptible to
damage from compression and impact On the other hand, dry produce,
like grains or dried fruits, is often more brittle

High Moisture Content: More pliable and elastic but prone to
bruising and squashing

LowMoisture Content: More brittle and prone to cracking and
breaking

32 Composition of the Produce

The cellular structure, fiber content, and chemical composition of
agricultural produce affect its mechanical properties For instance:

Starchy Produce (eg, potatoes): Has different mechanical
properties compared to fibrous produce like celery or cabbage

Fruits and Vegetables: The sugar, water, and pectin content
determine elasticity and resilienc

33 Temperature

Temperature plays a significant role in modifying the mechanical
properties of agricultural produce For example:

Low Temperatures: Can make fruits like tomatoes more brittle,
increasing the chance of bruising or cracking
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High Temperatures: Can soften fruits and vegetables, making
them more susceptible to deformation but easier to process (eg,
during canning or freezing)

34 Ripeness and Maturity

The mechanical properties of produce change as it ripens or ages
Typically, produce becomes softer and more elastic as it ripens, reducing
its resistance to compression and bending For instance, a firm apple will
have higher compressive strength than a ripe, overripe apple

4: Methods for Measuring Mechanical Properties
41 Compression Tests

Compression testing involves applying a compressive force to an
agricultural product (eg, a fruit, vegetable, or grain) and measuring its
deformation This test provides data on the compressive strength, elastic
modulus, and how much force is needed before the product is damaged

Example: A tomato subjected to compression can be tested to
determine at what pressure it deforms or ruptures

42 Tensile Testing
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Tensile testing measures the force required to stretch a material until it
breaks For agricultural produce like corn stalks or wheat, tensile
strength testing can help determine how resistant the material is to
being pulled apart

43 Shear Testing

Shear tests measure how much force is needed to cause sliding failure
along a plane of the material Shear testing can be useful for products like
grains or seeds, where sliding or cracking could reduce quality

44 Impact Testing

Impact testing evaluates the ability of produce to withstand sudden
impacts without damage For instance, a dropping test may simulate how
a fruit reacts when it falls from a tree or how it survives in transport

Example: Apples or peaches are tested to determine how much
force they can withstand before bruising

5: Mechanical Properties of Different Agricultural
Products
51 Grains (Corn, Rice, Wheat)

Grains have distinct mechanical properties:
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Corn: Corn kernels exhibit relatively high compressive strength but
are sensitive to impact and shear forces during harvest and storage

Rice: Rice grains are brittle and have low tensile strength They are
prone to breakage under impact and excessive pressure

Wheat: Wheat kernels are similar to corn in their compressive
strength but can become brittle if not stored properly

52 Fruits (Apples, Bananas, Tomatoes)

Apples: Apples have high tensile strength when firm but can
become softer as they ripen They are susceptible to compression,
which causes bruising

Bananas: Bananas are softer and more elastic, making them more
prone to damage during handling, transport, and storage

Tomatoes: Tomatoes have low compressive strength and are
highly susceptible to bruising under impact or pressure

53 Vegetables (Potatoes, Carrots, Onions)

Potatoes: Potatoes have moderate compressive strength and are
resistant to mechanical damage when they are firm However, they
can bruise easily if dropped or handled roughly
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Carrots: Carrots are more rigid and have a higher resistance to
bending forces However, they can snap under tension if excessively
stretched

Onions: Onions have a higher elasticity compared to many fruits
and vegetables, allowing them to resist small compressive forces
but can be crushed under heavy weight

54 Legumes (Beans, Peas, Lentils)

Legumes like beans and peas are relatively hard and have high tensile
strength However, they can be quite brittle, making them prone to
cracking and breakage during processing or transport

6: Impact of Mechanical Properties on Harvesting
and Handling
61 Harvesting Methods

Mechanical properties of agricultural produce influence the type of
harvesting equipment and techniques used For example:

Fruits like Apples and Citrus: Require gentle handling during
harvest to avoid bruising, often requiring specialized picking tools
or manual harvesting

Grains: Combine harvesters are designed to handle large quantities
of grain but need to minimize damage to the crop
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62 Handling and Transportation

Packaging: The mechanical properties of produce determine how
it should be packed For instance, fragile produce like tomatoes or
peaches may require padded or cushioned packaging to avoid
damage

Transport: Bulk grains and vegetables like potatoes and carrots
can often be transported in large sacks, while delicate fruits often
need to be transported in crates or with controlled temperature
and humidity conditions

63 Post-Harvest Handling and Processing

Mechanical properties also affect the post-harvest processes like sorting,
peeling, or milling For example:

Milling: Grains such as wheat are subjected to shear forces during
milling, which requires knowledge of the material's hardness and
tensile strength
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Peeling: The hardness and flexibility of fruits like oranges or
bananas determine how easily they can be peeled without excessive
waste

7: Effects of Mechanical Damage on Agricultural
Produce
71 Bruising and Cracking

Mechanical damage can affect the appearance, texture, and quality of
produce Bruising and cracking are the most common forms of damage
during harvesting, transport, and storage Damage can increase the rate
of spoilage by opening the fruit or vegetable to microbial invasion

72 Loss of Quality and Shelf Life

Damaged produce often has a reduced shelf life due to the accelerated
decay caused by injury Produce with low toughness or high plasticity (eg,
tomatoes) tends to suffer more damage

73 Economic Losses

Mechanical damage leads to significant losses in the agricultural sector,
both in terms of reduced quality and potential waste Developing
products with higher resistance to mechanical damage can improve
economic outcomes for producers
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8: Testing Standards and Equipment for Mechanical
Properties
81 Testing Standards

Various national and international standards define the testing
procedures for measuring mechanical properties of agricultural products
These standards ensure consistency and comparability across different
crops and geographical regions

ASTM Standards: The American Society for Testing and Materials
(ASTM) provides standards for testing the mechanical properties of
agricultural products

ISO Standards: The International Organization for Standardization
(ISO) has various standards for the mechanical testing of grains,
fruits, and vegetables

82 Equipment for Testing

Several types of testing equipment are used to measure the mechanical
properties of agricultural produce:

Universal Testing Machines: Used for tensile, compression, and
shear tests

Impact Testers: Used to simulate the effects of dropping or
striking produce
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Penetrometers: Used to measure the firmness or hardness of
produce, particularly fruits and vegetables

9: Applications in Agricultural Engineering
91 Design of Harvesting Equipment

Understanding the mechanical properties of agricultural produce helps
in designing harvesting equipment that minimizes damage For example,
specialized machines for grape harvesting are designed to gently handle
the delicate fruit to prevent bruising

92 Development of Packaging Solutions

By knowing the mechanical properties, agricultural engineers can design
packaging solutions that provide adequate protection during transport
and storage

93 Enhancing Post-Harvest Handling

Efforts to improve post-harvest handling are directly linked to an
understanding of the mechanical properties of crops Technologies like
controlled atmosphere storage or vacuum packaging are examples of
innovations developed from such knowledge
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10: Conclusion and Future Directions
101 Summary of Key Points

The mechanical properties of agricultural produce are crucial in
determining how crops are harvested, processed, transported, and
stored Understanding strength, elasticity, hardness, and toughness helps
in minimizing waste, reducing economic losses, and improving efficiency

102 Future Directions

Ongoing research into the mechanical properties of agricultural products
will continue to improve harvesting techniques, packaging materials, and
processing technologies, leading to more sustainable and efficient
agricultural practices

This detailed version should provide a comprehensive understanding of
the mechanical properties of agricultural produce, including their
significance, measurement methods, applications, and future directions
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