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Abstract

This study investigated the effect of drying process temperature and milling duration on the total flavonoid levels of dry
green tea powder. It employed an experimental approach, subjecting green tea leaves to varying temperatures (40°C, 80°C,
and 100°C) and milling durations (0, 1, 3, 5, and 8 hours), followed by nanoparticle production using high-energy ball
milling. All data were analyzed using a two-way analysis of variance (ANOVA) test with SPSS version 28. The results
demonstrated that drying temperature and milling duration significantly influenced flavonoid levels (p = 0.000), with a
drying temperature of 40°C and a milling duration of 3 hours generating the optimal flavonoid concentration, beyond which
flavonoid levels declined. SEM and PSA findings confirmed that particle size reduction significantly influences flavonoid
availability. Therefore, controlled processing conditions could maintain green tea’s antioxidant properties. These results
suggest that the food and pharmaceutical industries of green tea-based products could optimize drying and milling
conditions to improve the bioavailability of flavonoids. Future research could explore additional variables, such as
humidity and storage conditions, to enhance flavonoid preservation and product quality.
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1. Introduction

Tea (Camellia sinensis) is one of the most familiar natural products consumed daily globally. Tea has active
compounds that act as antioxidants, including polyphenols, alkaloids, amino acids, polysaccharides, and volatile
components [1, 2]. It usually grows in the tropics at altitudes of 200 to 2,000 meters above sea level [3]. Indonesia is one of
the major tea producers in the world. Daily tea, when consumed as a beverage, is reported to have various health benefits
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and properties. One of the most popular types of tea is green tea, which possesses antioxidant properties [4, 5]. The
antioxidant properties of green tea are derived from polyphenol compounds [6], mainly from the flavonoid group [7, 8].
Catechins are natural flavan-3-ols known as 'flavonols', a type of polyphenolic compound belonging to the flavonoid family
[9]. Specifically, the types of green tea catechins include epicatechin (EC), epigallocatechin (EGC), epicatechin gallate
(ECG), and epigallocatechin gallate (EGCG) [1, 10].

Catechins from green tea have antioxidant benefits [4, 11, 12], inhibit adipocyte differentiation, regulate microRNA
suppressor tumors, and inhibit IkB [13-15]. Although the toxic side effects of green tea are relatively small, it must be used
with caution during pregnancy, in children, and among the elderly population [1]. Overconsumption of green tea has many
disadvantages that can cause catechin levels to reach extremely low circulation, including low absorption, low
pharmacokinetics and bioavailability, and first-pass metabolism [16, 17]. The percentage of catechins that can be absorbed
by the intestine after drinking tea is small. Therefore, this condition affects the levels that can reach circulation in the blood
and tissues. To achieve a therapeutic effect, EGCG is required to be in a relatively large dose, but consuming green tea in
massive quantities may also cause toxic effects [18, 19].

Overcoming this issue can be addressed in various ways, including through the application of nanotechnology for dry
milling methods. Moreover, nanostructure-based medicine delivery systems are rapidly evolving technologies to improve
the bioavailability of medicines. In many studies, nanoparticles have been proven to be more effective than conventional
forms in achieving specific targets in organs or tissues [20, 21]. Small-sized nanoparticles can conduct high penetration,
thereby increasing the efficacy of medicines and minimizing the toxic effects of therapeutic agents [1, 22-24]. Therefore,
this research aimed to investigate the effect of the drying process temperature and milling duration on the total flavonoid
levels of dry green tea powder.

2. Materials and Methods
2.1. Research design

This research followed an experimental procedure using green tea leaves exposed to varying temperatures (40°C,
80°C, and 100°C) and milling durations (0, 1, 3, 5, and 8 hours). A total of 72 samples were used.

2.2. Green tea processing

Green tea nanoparticle powder was produced using fresh tea leaves as the basic ingredients in the dry milling method.
The dry milling process used a microwave with temperature variations of 40°C, 80°C, and 100°C for 4 minutes, followed
by drying in the oven at 60°C for 2 hours. The variations in the milling duration were 0, 60, 180, 300, and 480 minutes,
followed by a subsequent milling process.

2.3. Making of nanoparticle powder samples

Further crushing was performed using high-energy ball mill machines. Milling time varied from 0, 120, 180, 300 to
480 minutes, with a running time of 5 minutes, an off time of 60 seconds, a powder-to-ball ratio of 1:5 (9:45 grams), and
ball sizes of 0.5, 1, and 3 mm in a ratio of 2:2:5 (10:10:25 grams).

2.4. Green tea nanoparticle analysis
The process of green tea nanoparticle synthesis and characterization using Scanning Electron Microscopy (SEM) and
Particle Size Analyzer (PSA) was performed at the Nano Center Indonesia and the Science and Technology Research
Center Laboratory. These processes were performed on dry matter. The next step involved characterization using two
methods:
1) SEM (ZEISS Sigma®, Germany), to analyze the morphological characteristics of the solid sample;
2) PSA characterization, to measure particle size distribution. Approximately 0.25 mg of the samples were placed in a
cuvette, then aqua pro injection was added up to 2.5 mg. Thereafter, the cuvette was inserted into the PSA tool holder.
Finally, the tea leaf powder sample was analyzed using SEM (ZEISS Sigma®, Germany).

2.5. Liquid Chromatography-Mass Spectrometry (LC-MS) analysis

The total flavonoid levels in green tea powder samples were determined through quantitative analysis of total
flavonoid compounds using the LC-MS method. This technique combines the separation capabilities of liquid
chromatography with the detection and characterization capabilities of mass spectrometry [25]. It has high sensitivity and
selectivity [26, 27] that allow for a detailed analysis and an accurate identification of compounds in complex mixtures [28].
In this study, a quercetin standard solution with concentrations of 6, 8, 10, 12, and 14 parts per million (ppm) was used to
determine the total flavonoid content in the sample.

2.6. Qualitative Analysis of the Total Flavonoid Content in Green Tea Powder
2.6.1. Calculation of the Quercetin Maximum Wavelength (Amax)

It was done by running a quercetin solution in the wavelength range of 400-450 nanometers (nm). The finding showed
that the maximum wavelength of the standard quartz was 435 nm. It was used to measure the uptake of green tea powder
samples.
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2.6.2. Making A Standard Quartz Curve

After weighing, 25 milligrams (mg) of the standard quercetin solution were dissolved in 25 milliliters (mL) of ethanol.
The stock solution was pipetted (1 mL) and diluted to 10 mL with ethanol to obtain a concentration of 100 ppm. A standard
quercetin solution (100 ppm) was then prepared into several concentrations: 6 ppm, 8 ppm, 10 ppm, 12 ppm, and 14 ppm.
Approximately 1 mL of each standard quercetin solution concentration was pipetted. Then, 1 mL of aluminum chloride
(AICl3) 2% and 120 mL of potassium acetate (CH3CO2K) were added. The sample was incubated for 1 hour at room
temperature. The absorbance was determined using the UV-Vis spectrophotometry method (Spectrophotometers UV-Vis®,
Hitachi High-Tech) at a maximum wavelength of 435 nm.

2.6.3. Calculation of Total Flavonoid Levels in Green Tea Powder

After weighing, 15 mg of green tea powder was dissolved in 10 mL of ethanol, resulting in a final solution of 1,500
ppm. Approximately 1 mL of the solution was pipetted, then 1 mL of 2% AICI; solution (Sigma-Aldrich®, USA) and 1 mL
of 120 mm CH3CO2K (Sigma-Aldrich®, USA) were added. The samples were incubated for 1 hour at room temperature.
Their absorbance was determined using the UV-Vis spectrophotometry method (Spectrophotometers UV-Vis®, Hitachi
High-Tech) at a maximum wavelength of 435 nm. The samples were prepared in three replications for each analysis, and
the average absorbance value was calculated.

2.7. Statistical Analysis
All data was analyzed using a two-way analysis of variance (ANOVA) test with the SPSS version 28 to determine the
effect of drying temperature and milling duration on the total flavonoid levels of the green tea powder samples.

3. Results
3.1. Findings of Drying Stage of Fresh Tea in Microwave For 4 Minutes with Varying Temperatures

After going through the microwave drying process for 4 minutes at three different temperatures — 40°C, 80°C, and
100°C — the dry leaves became brownish, as shown in Figure 1.
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Figure 1.
The tea leaves before and after drying in different drying temperatures.

The color loss was mainly caused by the loss of Magnesium (Mg?*) from chlorophylls [29-31]. However, their forms

were not notably different. There was no striking difference among samples resulting from processing at 40°C, 80°C, and
100°C. The structure of tea cells was uniform and better maintained by microwave drying with or without vacuum [32].
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Figure 2.
Milling findings in different drying temperatures (40°C, 80°C, 100°C).

Figure 2 shows the dry green tea leaves after milling with variations in milling times (0, 1, 3, 5, and 8 hours). Changes
in their color gradation look different among milling times; the longer the powder milling duration, the lighter the resulting
powder color [2].

3.2. Characterization of Green Tea Particles’ Dry Milling Powder Samples

The findings of PSA indicated that the average particle sizes of green tea powder across different drying temperatures
were above 1,000 nm. The smallest particle size, 1,082.7 nm, was observed at 40°C (Figure 3). The particle sizes obtained
from different drying temperatures were statistically different (P = 0.000), which means there was a statistically notable
difference in the particle size of green tea powder from different drying processes.
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Figure 3.
PSA analysis findings of samples with different temperatures: (a) 40°C, (b) 80°C, and (c) 100°C.

3.3. SEM Analysis Findings of Green Tea Powder Sample

The findings of microscopic analysis by SEM at different milling durations are presented as particle-size images in
Table 1 and Figure 4.

Table 1.
Findings of SEM analysis.

Milling Time Parameters
60 minutes 180 minutes 300 minutes 480 minutes
Grain size (ym) 12.810 + 7.866 10.450 + 5.957 5.182 + 2.307 4,287 + 2.805

Measuring Method

As presented in Table 1, the particle size resulting from the milling process with different time durations (60, 180, 300,
and 480 minutes) was greater than 1.000 um in all cases and showed a statistically significant difference (P = 0.000). It
means there was a statistically notable difference in particle size from the variations in milling duration.
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Figure 4.
The SEM analysis finding of green tea powder samples from different milling durations (60, 180, 300, and 480 min)

A picture of particle size was obtained from microscopic analysis by SEM at different milling durations. Figure 4A
shows that a milling duration of 60 minutes resulted in a mean particle size of 12.810 £ 7.866 ym. Besides, Figure 4B
shows that a milling duration of 180 min resulted in a mean particle size of 10.450 = 5.957 ym. Furthermore, Figure 4C
shows that a milling duration of 300 minutes resulted in a mean particle size of 5.182 + 2.307 ym. Lastly, Figure 4D shows
that a milling duration of 480 minutes resulted in a mean particle size of 4.287 + 2.805 ym.

3.4. Analysis of Total Flavonoid Content of Green Tea Powder

Total flavonoid compounds were tested by quantitative analysis using the liquid chromatography-mass
spectrometry (LC-MS) method to determine the total flavonoid levels contained in green tea powder samples [33, 34]. In
this study, a standard solution with a series of concentrations of 6, 8, 10, 12, and 14 ppm was used to quantify the total
flavonoid content in the sample. A series of standard concentrations was applied to generate a standard curve equation for
qualification. Standard curves are first created by repeatedly testing the concentration series to obtain a linear equation,
which was then used to calculate the percentage of the flavonoid content. The use of quercetin as a standard solution was
selected because it is a flavonoid that is separated from the flavonol group, with a keto group in C-4 and a hydroxyl group
in the C-3 or C-5 atom neighboring flavones and flavonoids. The maximum wavelength absorption was measured within a
range of 400-450 nm. The results of this study showed that the maximum absorption wavelength of quercetin was 435 nm.
Sample absorption was measured using the maximum wavelength. Table 2 presents the average of the measured total
flavonoid levels in green tea powder samples.

Table 2.
The average levels of total flavonoids (pg/g) in green tea powder processed with different drying temperatures and milling durations

Drying Milling duration
Temperature 0 hour 1 hours 3 hours 5 hours 8 hours
40°C 5579.19 5200.45 11.25 | +6375.10£105.4 | 6106.27 5997.62 £63.9
+71.04 +20.25
80°C 4568.68 5101.32 10.58 +5374.23 £11.45 5197.02 £24.17 5514.73 £35.34
+22.55
100°C 5338.25 £149.69 | 4880.27 30.27 | #5471.20 +44.62 | 5213.96+146.52 | 4948.45 +34.32

As shown in Figure 5, drying at 40°C produced the highest total flavonoid levels compared to drying at 80°C and
100°C. In terms of the milling duration, the milling process for 3 h produced the highest levels of flavonoids. The findings
of statistical analysis showed that the drying temperature and the milling duration separately and together had a statistically
notable influence on flavonoid levels of green tea powder with a significance value of 0.000, respectively.
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Figure 5.

The average of total flavonoid levels in green tea powder samples processed with different drying temperatures (low = 40°C, medium = 80°C, high =
100°C) and milling durations.

4. Discussion

The findings of this study show that processing temperature is notably related to the total flavonoid content (Table 2
and Figure 5). This is in line with other studies that room temperature is the most efficient temperature for the extraction
process of tea leaves, where the process at room temperature acquires a high total phenolic and flavonoid content [16, 35].
Another study that extracted tea at cold (25°C) and hot (80°C) temperatures found that the total flavonoid content was
higher after being processed at 80°C than at the other temperature [22, 36]. Different from the findings of Jin, et al. [37]
which compared antioxidant activity and the content of green tea catechins processed at 60°C and 90°C, this study found
that the most efficient processing to obtain the highest catechin levels was at 95°C [37]. The study by Eneighe, et al. [16]
also reported that leaf temperature and size affect antioxidant activity. In this study, the maximum extraction process
efficiency was obtained at 90°C in 120 minutes, so extracts from milling-processed leaves were obtained at the highest
levels [16, 20].

Overall, processing temperature and particle size are important factors that affect the level of flavonoids (Tables 1-2).
Several factors may cause variations in research findings regarding the optimum temperature for processing green tea to
acquire the highest levels of flavonoids. One such factor is the types of tea leaf samples used. Different types of tea leaves
or leaves from different regions can exhibit different characteristics and content of active compounds. In terms of milling
time (Table 2 and Figure 5), this study found that 3 hours of milling produced the highest levels of flavonoids. This may be
related to particle size manufactured by the milling process. Tea leaves through the milling process have increased the
efficiency of the extraction process compared to those without milling [16, 38].

5. Conclusion

This study demonstrated that there is a relationship between process drying temperature and milling durations, which
has a statistically notable effect on flavonoid levels of green tea powder. A drying temperature of 40°C led to the highest
flavonoid retention compared to 80°C and 100°C. Additionally, milling for 3 hours resulted in the highest flavonoid levels.
Statistical analysis confirmed that both drying temperature and milling duration had a statistically significant impact on
flavonoid content (P = 0.000). These findings, therefore, suggest the optimization of processing conditions to maximize
flavonoid retention in green tea powder, which may improve its potential health benefits. Future research could explore
additional processing variables and their interactions to improve green tea production techniques.
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