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Sour Orange peel (Citrus aurantium) contains bittering compounds such as naringenin and
limonin, the presence of which in the juice reduces the sensory quality of the product. Accurate
and effective peeling is a key step in the processing of oranges. In this study, the physical and
geometric properties of orange fruit were investigated. The results showed that oranges have
a shape close to a sphere with a sphericity of 0.96 which has a positive effect on the design of
peeling equipment. To optimize the performance of the orange peeler, the rotational speed of
the cylinder (5 levels: 300, 500, 700, 900 rpm), the feed rate (4 levels:1, 3, 6, and 8 oranges
per turn) and the mesh size of the blade (3 levels: 2, 3 and 4 mm) were evaluated in a
completely randomized factorial design with three replications. The response variable was the
average percentage of peeled area. The results of the analysis of variance showed that the effect
of rotational speed, feed rate and blade mesh size as well as their interaction were significant
at the 1% probability level. By increasing the rotational speed to 900 rpm, the peeling
percentage increased significantly, but at speeds higher than 900 rpm and 4 mm mesh,
mechanical damage to the fruit and a decrease in quality were observed. The optimal operating
conditions of the device were obtained, which included a rotational speed of 900 rpm, feeding
of 6 oranges and a blade mesh of 3 mm.
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EXTENDED ABSTRACT

Introduction

Sour orange peel contains important bittering compounds such as naringenin and limonin, which, if they
penetrate into the fruit juice, create an aftertaste and significantly reduce the sensory quality of the product.
Due to its relative solubility in water and high heat resistance, naringenin is separated from the pulp and enters
the aqueous phase even during pasteurization and storage. Therefore, accurate and effective peeling before

juicing is a key step in orange processing.

Materials and Methods

In this study, the physical-geometric properties of orange fruit were first investigated. The results showed
that the average main diameters (a), (b) and (c) were 69.14 ,67.34and 65.15mm, respectively, the geometric
mean diameter was 67.21 mm, the sphericity coefficient was 0.96, the volume was 3.18 cm? and the surface
area was 41.16 cm?. The nearly spherical shape of oranges (96% sphericity) makes it easier to design
mechanical peeling equipment. With a cylindrical abrasive peeling machine designed and manufactured to
optimize its performance, the effect of three parameters: rotational speed of the abrasive cylinder (300, 500,
700 and 900 rpm), feeding rate (1, 3, 6 and 8 fruits per turn) and mesh size of the abrasive blade (2, 3 and 4
mm) on the percentage of peeled surface was investigated in a completely randomized factorial design with

three replications.

Results and Discussion

The results of the analysis of variance showed that the main effect of all three factors and their two-way
and three-way interaction effects were significant at the 1% probability level. By increasing the rotational
speed to 900 rpm, the percentage of peeling increased significantly (p<0.01). However, at speeds above 900
rpm, and especially at a mesh size of 4 mm, severe mechanical damage to the fruit and a decrease in visual
quality were observed. The optimal operating conditions of the device were obtained through an interaction
analysis, which included a rotational speed of 900 rpm, a feeding rate of 6 fruits, and a blade mesh size of 3
mm. Under these conditions, the average peeled percentage was more than 88% and mechanical damage was

at the lowest level.

Conclusion

The effect of water spraying during peeling on reducing the bitterness of the final juice was investigated
through sensory evaluation (by 10 trained evaluators). The results showed that continuous water spraying
during the process significantly reduced the bitterness intensity of the juice (p<0.05), which is due to the rapid
washing of naringin and limonin released from the fruit surface. Finally, the designed device, by applying
optimal conditions and a water spraying system, is capable of peeling oranges with high efficiency, minimal
mechanical damage, and maintaining the sensory quality of the juice, and provides a practical and economical

solution for small and medium-sized orange processing industries.
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