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Abstract. Studies and experimental research in the field of shredding of food materials with
soft texture by means of metal wire cutting heated to 97°C are particularly important, their
results can bring more clarification regarding the shredding analysis, analysis of cutting aspect,
analysis of quantitative and quality of juice and / or material loses, determining of necessary
shredding forces. For a better understanding of the phenomenon occurring in the shredding of
food materials with soft texture, have been selected for study a large variety of materials with
different textures and properties. In the experimental determinations by heating of metal wire
cutting, the resulted surfaces after the cutting are more regular, are needed lower cutting forces
necessary to shred the material and results reduces quantities of juice or material losses.

1. Introduction
The food material is that naturally product from vegetable or animal origin, which represents a raw
material for processing in an industrial process or can be, consumed as such [1, 2, 3].

Tissues which make up the mass of food materials are associated between them under the name of
texture and size and arrangement of cells represent the structure. Structure and texture of food
materials express their firmness [4, 5, 6, 7, 8, 9]. The shredding implies the possibility to divide food
materials with soft texture in many smaller components. Preoccupation of food experts is to design
equipment’s and technologies to make optimal shredding (realization the desired degree of shredding
with lower power consumption). While, during the cutting process of food material should not be
broken or not be lost material [10].

Many manufacturing processes from the food industry require the shredding in advance of food
material with soft texture. Generally it's used the concept of particle to illustrate a volume of material;
these particles can be the result of a natural process (fruits and vegetables) or obtained from the
technological processes (cheese, butter, Turkish delight, marmalades, jellies etc.) [11]. Regarding of
shredding process, it should be noted that during of this operation, the state of solid changes, they are
subjected to mechanical and thermal strain. Inside the shredded material appear deformations and
stresses. The shredding of food materials is very complicated; this is explained by the fact that food
materials are inhomogeneous and the properties are variable in time and space [12, 13].

Requirements for shredding of food materials refer to main factors that influence the process of
shredding, such as: mechanical and textural characteristics of the material (their consistency), the
shredding regime and geometric parameters of the shredding devices [12, 13].
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Few studies in the literature have investigated in detail the behavior of food materials with soft
texture during the shredding operation. Generally was used the testing of deflection of cheese with soft
texture and the study of behavior at low temperatures [14, 15, 16, 17, 18, 19, 20].

When choosing the shredding scheme and shredding machine types, should be considered: state of
tension, the temperatures and ambient conditions [21, 22]. The research will be focused on the food
materials with soft texture because those have a wide range of textural properties, structure and
composition; they require an elucidation of how the material reacts under the action of the shredding
devices.

This paper aims to study the behavior of the material food textured soft shredding cut using metal
wires heated at 97°C and working speed 2.5 mm /sec. After shredding result cutting surfaces with less
roughness, cutting forces low also the loss of juice and material is low.

2. Experimental method
For the study of experimental research was conceived, designed and made a laboratory stand equipped
with a metal wire cutting device. For a better relevance of the determinations were made sets of
measurements using a metal wire cutting device with different diameters (0.2 mm, 0.3 mm, 0.4 mm)
heated to 97°C and cutting speed v = 2.5 mm/s.

For a better understanding of the phenomenon occurring in the shredding of food materials with
soft texture, at this study was used different materials with different textural properties (tablel).

Table 1. Food materials with soft texture used in the study.

No. Food materials with soft texture Type/variety
1 Curdled cheese Sheep cheese
2 Tomato Unibac
3 Peeled oranges Valencia
4  Strawberries Elsanta
5  Peeled banana Cavendish
6  Turkish delight By Bucharest

The scheme of shredding by cutting with metal wire device is shown in figure 1. By the action of
the force F, the metal wire is moved perpendicular to penetrating through a mass of food material.

Metalwire + .

Shredding material

Figure 1. Shredding by cutting with metal wire device.

The material initially deforms on the length o, called penetration length. Depending on the
material, the deformation can be composed of two components, one elastic and one plastic.

When is applying a higher cutting force, is initiated the cutting or detachment of material layers,
the metal wire moving to the newly created opening in the mass of material. This process will continue
by increasing the cutting force until the steady state cutting.
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Length of separation material layer before metal wire is noted with 4 and material thickness is
noted with a.

The manner in which the food material has reacted at the penetration of the metal wire cutting
device is shown schematically in the form of captured frames during the shredding process in figure 2.

Figure 2. Various stages of cutting:
(a) cutting initialization, (b) intermediate point of cutting; (c) beginning steady state of cutting ,
(d) steady state of cutting.

3. Experimental results
For food materials with soft texture studied shredded with metal wire cutting heated to 97°C
temperature and with cutting speed v = 2.5 mm/s, we obtain the following graphs of variation of
cutting force in time (figures 3 + 5).

By metal wire heating at higher temperatures (97°C) in the case of curdled cheese (figure 3.a) it
was found that the maximum of cutting forces necessary to shred register more reduced values (2.2N,
1.8N and 1.6N), in time interval between 13 ... 15 seconds.
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Figure 3. The variation of cutting force in time at shredding with metal wire cutter:
(a) curdled cheese; (b) tomatoes.

In the case of the cutting force analysis in time at tomatoes (figure. 3.b) by heating the metal wire
at temperature 97°C, the graphs present the same configuration with increasing levels of forces in the
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beginning of cutting area and at the breaking area, respectively a decreasing level of cutting forces in
the middle zone. However by the heating of metal wires were recorded lower values of cutting forces
11 N; 8.3 N and 5 N, the time period required to complete the cutting hovering around 30 ... 34

seconds for all three wire diameters analysed.
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Figure 4. The variation of cutting force in time at shredding with metal wire cutter:
(a) peeled oranges; (b) strawberries.
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At the peeled oranges graph of force variation are maximum values by 11.IN, 9.3N and 6.8 N in
the range of 30 ... 35 seconds (figure 4.a). From the beginning to the end of cutting process the graph
has an increasing configuration until the braking moment of material.

From the analysis of the graph of the forces variation in time in case of strawberries (figure 4. b) it
has been found that due to the homogeneous constitution, the breaking is produced constantly, is
recorded a level in which the force increases to the penetrate of metal wire in the material mass, then
that can be remarked a constant of the force throughout the material thickness. Maximum recording
forces for three types of diameters used was 4.3 N, 4 N and 3.5 N in the range of 14 ... 17 sec.
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Figure 5. The variation of cutting force in time at shredding with metal wire cutter:
(a) peeled banana; (b) turkish delight.

The curve of the variation forces in time at peeled banana (figure 5.a) shows three distinct areas:
initiating of wire penetration, cutting area and complete breaking of the material. The value of forces
was recorded at 3.2 N, 2.5 N and 1.3 N and the time required from the cutting initiation to the
complete breaking of material hovering around 15 sec.
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By the heating of metal wire and due to the homogeneous structure of the Turkish delight is
obtained the uniform curve of the variation of cutting forces in time, materialized in this case by three
well-defined specific areas (figure 5.b): initiating of cutting, the constant advance of the wire through
the mass of material. Maximum cutting forces value was recorded at 4.4 N, 3.8 N and 3.2 N, the
average of breaking time was 16 sec.

By using the analytical balance and by the visual analysis of the cutting aspect of food materials
with soft texture having undergone metal wire shredding at a temperature of 97°C, we examined a
series of indicators such as the adherence to the cutter, the cutting aspect, loss of juice and/or material
(tables 2+4).

Table 2. Working indices obtained for the shredding of food materials with soft texture by means of a
metal wire with, v=2.5mm/s; t=97°C; d=0.2 mm.

No. Food material Average Mass Mass  Percentage Adherence Cutting
cutting before after of losses to the aspect
surface cutting  cutting [%] cutter

ax b [mm’] [g] [g]

1 Curdled cheese 30x 30 32.8 32.73 0.21 Small Smooth

2 Tomatoes 50 x 50 85.88 85.21 0.78 Small Few rough

3 Peeled oranges 60 x 60 99.64 99.1 0.54 Small With rough

4 Strawberries 25x 25 25.53 25.51 0.07 Small Smooth

5 Peeledbananas 5, 5 4832 48.29 0.06 Small L
Smooth

6 Turkish delight 35x 35 40.67 40.66 0.02 Small Smooth

Table 3. Working indices obtained for the shredding of food materials with soft texture by means of a
metal wire with, v=2.5mm/s; t=97°C; d=0.3 mm.

No. Food material Average Mass Mass Percentage Adherence Cutting
cutting before after of losses to the aspect
surface cutting cutting [g] [%] cutter

axb [mmz] [g]

j Curdled 30 x 30 33.8 33.72 0.24 Small  Smooth
cheese

2 Tomatoes 50 x 50 84.5 83.78 0.85 Small Few rough

3 Pecled 60x60  103.78  103.15 0.61 Small  Vith many
oranges rough

4  Strawberries 25x25 18.32 18.30 0.10 Small Smooth

5 Pecled 30x30 5142 51.38 0.08 Small Yo
bananas Smooth

¢ Turkish 35x35 4134 4132 0.05 Small  Smooth
delight

The analysis of tables with work indices obtained from shredding of food materials with soft
texture through the metal wire was found that significant losses (juice/material) were recorded at
shredding tomatoes (0.78% +0.89%) and oranges (0.54% =+ 0.64%) due to high content of juice, value
decreases with decreasing the metal wire cutting diameter and increase the wire cutting temperature.

For other types of materials analysed (curdled cheese - 0.21% + 0.27%, Turkish delight - 0.02% =+
0.06%, strawberries - 0.07% =+ 0.12%, peeled banana — 0.06% + 0.10%) due to the homogeneous
composition, they have low percentage of losses from shredding.



7th International Conference on Advanced Concepts in Mechanical Engineering IOP Publishing
IOP Conf. Series: Materials Science and Engineering 147 (2016) 012150 doi:10.1088/1757-899X/147/1/012150

Table 4. Working indices obtained for the shredding of food materials with soft texture by means of a
metal wire with, v=2.5mm/s; t=97°C; d=0.4 mm.

No. Food material Average Mass Mass  Percentage Adherence Cutting
cutting before after of losses to the aspect
surface cutting cutting [%] cutter

a x b [mm’] [g] [g]
Curdled
1 30x 30 30.1 30.02 0.27 Small Smooth
cheese
2 Tomatoes 50 x 50 83.5 82.76 0.89 Small Few rough
3 Peeledoranges ¢y 4 110.1 109.4 0.64 Small X:ltghhmany
4 Strawberries 25x 25 17.52 17.50 0.12 Small Smooth
5 Deeled 30x30 3522 3519 0.10 Small 2o
bananas Smooth
6 [lurkish 35x35 45.64  45.61 0.06 Small  Smooth
delight

4. Conclusion

By using of the heated metal wire cutting for the food material with soft texture we attempting to
remove the inconveniences that arise when using metal knives for cutting, because the shredded
material no longer adheres to the cutting device due to the decrease of the contact surface between it
and the material and the fact that by heating the metal wire cutting, this penetrates more easily through
the mass of material. By the analysis of the graphs it was found that by the decrease in diameter of the
metal wire cutting was obtained reduced values of cutting forces. By using of the heated metal wire
cutting was followed to limit losses of material, the maintaining of shape and the textural properties of
the material, so that the shredding efficiency to be as high. Depending on the rheological domain:
viscous, elastic and plastic, each food material has a specific behaviour during breaking, peeled
bananas with characteristics mainly on viscous domain, curdled cheese is close to the elastic-plastic
domain, strawberries and Turkish delight to the visco-elastic domain, while oranges and tomatoes
being found between these three domains (visco-elastic-plastic). Depending on the degree of
homogeneity and structural properties of the materials analyzed, it was found that food materials are
most suitable for wire cutting were Turkish delight, bananas, strawberries and curdled cheese. At this
materials, the cutting was smooth from start to finish because of their relatively uniform composition,
heating of metal wire cutting at higher temperatures (97°C) leading to reduced cutting forces by
reducing adherence of materials to the metal wire and improve the surface quality resulting from
shredding with reduced loss of material or juice. The structure of tomatoes and oranges reflected by
the presence of skin, seeds and interior composition, the cutting was not uniform; the metal wire
cutting must overcome the additional resistance, thus results the highest values for the shredding force.
Due to the sudden exit of the metal wire from the material, given that the cutting forces are higher, the
resulting cutting surface is more irregular. However in the case of these fruits were registered lower
losses of juice with increasing temperature of metal wire cutting. It was found significant losses of
juice in the case of tomatoes and peeled oranges, which is explained by the interior composition rich in
liquid and lower losses in the case of curdled cheese, strawberries, peeled bananas, and Turkish
delight, mainly due to homogeneous composition of these materials. Thus shredding with metal wire is
more suitable to food materials with soft texture with a uniform composition. As a result of using
heated wire method were obtaining cutting surfaces with few rough, reduce cutting forces, and also
reducing losses juice and material resulting from shredding.
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