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Fig. 1. Ten-kilogram rubbing device designed with SolidWorks
1. Crank, 2. Tea loading cylinder, 3. Tea pressure plate
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Table 1. Independent and Dependent Factors Applied in the Experiment

Level 1 Level 2 Level 3
RPM Y. v. €.
Pressure Applied to Tea (Kg/m?) VY- vf. SA-

Measurement Indicators

1) Tea failure percentage 2) Time 3) Sensory quality
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Table (2) Sensory Test Questions

Parameters Score Level
Quality score Weak Bad Average Good Great
Color Equivalent score ) Y ¥ £ o
. Quality score Weak Bad Average Good Great
Integrity .
Equivalent score ) Y ) f o
Absence of Quality score Weak Bad Average Good Great
waste Equivalent score ) Y Y f o
Quality score Weak Bad Average Good Great
Fragrance Equivalent score ) Y ¥ £ o
Quality score Weak Bad Average Good Great
Taste Equivalent score ) Y ¥ £ o
The degree of Quality score Weak Bad Average Good Great
transparency Equivalent score ) Y Y £ o
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Table (3) Analysis of Variance (ANOVA) of Dependent Factor Values during the Process

Failure percentage (%)

Parameters df Mean square F value
RPM Y ARVARY #%fVYA/FQ
Pressure Y FAIFQ EEARR AR
RPM x pressure ¥ VONY #5YY/04
Time (s)

RPM \t AR AR Ny
Pressure Y \RARZIN Y EA
RPM x pressure f YA/E- NS vy
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Introduction: Tea, scientifically known as Camellia sinensis, is the second most popular beverage in the world
after water, and often considered the most popular after coffee. Although the exact history of tea consumption in
Iran is unclear, evidence suggests a two-thousand-year background. Until around the early 2000s, Iran was
among the top five tea producers globally. However, Gilan Province remains a primary hub for tea production
and export within Iran. The black tea production process involves main steps including harvesting, withering,
rolling, oxidation (fermentation), and drying. The rolling stage, during which polyphenolic compounds are
released from the leaf cells, plays a key role in developing the desired aroma and flavor of tea. In Iran, the
conventional method for tea rolling is the orthodox method, which differs from the CTC (Crush, Tear, Curl)
method. The aim of the present research is to optimize the tea rolling machine. This study focuses on the effects
of rotational speed and applied pressure during the rolling process on key physical properties of black tea.
Material and methods: A total of 270 kg of first-grade spring-harvested leaves of Clone 100 was manually
harvested from a tea garden in Kumleh, Langarud County, under uniform growth and fertilization conditions.
The harvested leaves were kept for six hours at 30°C to wither the green tea leaves. After this stage, the
withered tea leaves were divided into 10 kg batches. The weighed samples were rolled using a 10 kg capacity
domestic rolling machine according to Table 1. This study investigated the effects of different variables,
including pressure and the rotational speed of the cylinder (RPM), on the percentage of breakage, rolling time of
green tea leaves, and sensory properties of the tea. The parameters included three levels of applied pressure on
the tea (170, 340, and 680 kg/m?2) and three rotational speeds (20, 30, and 40 RPM). Higher speeds were not
used due to the increased breakage rate of the tea at those levels. The experiments were conducted in three
replicates. The machine was simulated using SolidWorks software.

Results and discussion: The results of this study indicated that, on average, increasing the machine's rotational
speed from 20 to 40 RPM resulted in an 82% increase in the breakage percentage of the samples. Similarly,
increasing the pressure of the rolling cylinder from 170 to 680 kg/m? led to a 57% increase in the breakage
percentage. Furthermore, elevating the rolling cylinder pressure from 170 to 680 kg/m? reduced the samples'
rolling time by 46%. The increase in rolling cylinder pressure resulted in a significant reduction in the time
required for the rolling of the samples.

Conclusions: The analysis of sample breakage revealed that both increased rotational speed and pressure
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significantly raised the breakage percentage. In the analysis of rolling time, the results indicated that only the
independent factor of pressure had a significant effect on the rolling time of the samples. As the rolling cylinder
pressure increased, the required drying time for the samples decreased significantly. In evaluating the sensory
quality of the samples, it was concluded that the samples subjected to a rotational speed and cylinder pressure of
30 RPM and 340 N, respectively, exhibited the best quality in terms of flavor and aroma. In conclusion, this
study demonstrates that intermediate levels of pressure and speed (340 N and 30 RPM) offer an optimal
compromise, minimizing processing time and leaf breakage while maximizing the desired sensory attributes of
the final tea product.
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