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Green tea leaves contain antioxidants such as catechin and caffeine, which can speed up
metabolism, and helps break down excess fat. However, there are concerns that overconsumption
of catechin and caffeine could cause liver toxicity and kidney failure, respectively, to the consumers.
This study involved the quantitative analysis of catechin and caffeine in three different brands of
green tea teabag and two different brands of green tea capsule using High-Performance Liquid
Chromatography (HPLC). All standards were extracted using methanol, dissolved in the mobile
phase of deionized water and acetonitrile (30:70 v/v), analysed at 270 nm in triplicates using the
HPLC-DAD system. The data interpretation was conducted using standard calibration plot with
correlation coefficient for catechin and caffeine of 0.9823 and 0.9856, respectively. Teabag samples
were labelled A, B, and C, while capsules samples were labelled D and E. The highest amount of
catechin (7274.2679 mg) and caffeine (2253.8581 mg) was found in Sample E. In Sample D, only
1.1561 mg of caffeine was detected and no catechin was detected which probably due to high
level of detection (LOD) and quantification (LOQ). The analysis of catechin and caffeine using

HPLC was proven to be reliable, simple, sensitive, and rapid.
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Tea from Camellia sinensis L. leave is widely consumed
after plain water. Tea is consumed worldwide, with
China, India, and Kenya being the major tea producers.
Approximately three billion kilograms of tea was
produced and consumed worldwide per year. From the
literature, tea was documented to be unintentionally
found by a Chinese Emperor, Shen Nung in 2737
BCE when some tea leaves fell into boiling water,
and producing a very pleasant fragrance [1]. Tea is
categorized to green tea, oolong tea, and black tea, based
on the degree of fermentation and level of antioxidants
[2]. Green tea is a famous herbal plant of Chinese tea
with abundant health benefits, mainly attributed to its
polyphenol content thus making it a very popular
beverage [3]. Most of the green tea polyphenols are
flavonols, commonly known as catechins. The main
products derived from green tea are extracts in the
form of liquid or powder, which vary in the proportion
of polyphenols (45-90%) and caffeine content (0.4-
10%) [4].

Caffeine and catechin have been reported by
many researchers for their health-promoting properties
to human [5]. Caffeine could improve memory, mental
functioning and alertness, as well as decrease fatigue.
Catechin exhibits benefits such as anti-inflammatory,
antiarthritic, anticarcinogenic, anti-cancerous, anti-
mutagenic, antibacterial, antiviral, antifungal, anti-
coccidial, antiprotozoal, antiparasitic, anti-infective,
hypocholesterolaemia, resistance to capillary blood

congestion, and hypolipidemic effects [5]. In comparison
to apples, red grapes, chocolates, and red wine, green
tea is the most prevalent source of caffeine and
catechins among all dietary sources. It was reported
that approximately 2% - 5% caffeine present in green
tea leaves and 71 mg of catechin in epigallocatechin
gallate present in 100 mL of green tea [2, 6].

Catechin and caffeine in green tea have been
reported could speed up the metabolism of the body
especially catechin by breaking down the excess fat
[7]. The clinical use of green tea has been proven to
stimulate the weight loss process for overweight or
obese people [8], which led to the production of green
tea capsules for weight loss management. It was reported
that green tea supplements positively impacted weight
loss and weight management even in small amounts
due to the presence of either catechins or caffeine [9].
However, there are concerns that overconsumption of
catechin could cause liver toxicity and iron deficiency
anemia to the consumer [10]. Excessive amount of
caffeine due to overconsumption of green tea also lead
to various adverse effects such as headache, irregular
heartbeat, and kidney failure. A high caffeine intake
may increase the risk of congenital disabilities and
miscarriage [11].

Initially, this study was proposed based on
concerns due to the trend to lose weight quickly, which
resorts to taking green-tea products, especially green
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tea capsules without knowing the adverse effects they
could cause. Hence, the consumer needs to be aware
of the amount of green tea intake to avoid the negative
effects of consuming green tea. It is essential to
consumers and manufacturers to know the safe amount
of caffeine and catechin within the permissible limit
of 65mg of caffeine per 12 liquid ounces in beverages,
200mg in pills, and 300mg catechin for healthy
adults [12]. In addition, HPLC is chosen as the
analytical tool for analyzing caffeine and catechin as it
a simple, rapid, and precise method with an economical
mobile phase for the simultaneous separation and
quantification of analytes. Therefore, the present study
was carried out to determine the amount of caffeine
and catechin in three different brands of green tea
teabag and two different brands of green tea capsules
using HPLC.

EXPERIMENTAL
Chemicals, Reagent and Samples

The chemicals and reagents that have been used in the
present work were acetonitrile and methanol of the
HPLC grade (Merck, Germany), caffeine of 98.5%
purity and (+)-catechin of 98% purity were purchased
from Fisher chemicals, Belgium. The samples were
purchased from hypermarket and pharmacy in Shah
Alam, Selangor as well as from the online shopping
platform. The samples were three different brands of
green tea teabag (labeled as Samples A, B and C) and
two different brands of green tea capsule (labeled as
Samples D and E). The commercial hame of the samples
are kept confidential.

Preparation of the Standard Solutions of Catechin
and Caffeine

The sample preparation of catechin and caffeine was
carried out by following the experimental procedure
by Oliveira [13] with some modifications. Both standards
were prepared at various concentrations (50, 100, 150,
200 and 250 ppm) using methanol in 50 mL volumetric
flasks.
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Preparation of the Samples

The preparation of sample was carried out by
following the experimental procedure by Oliveira [13]
with some modifications. Firstly, the tea leaves and
powder were taken out from the teabag and capsule,
respectively. Approximately 50 mg of each sample
was weighed and placed in a 50 ml volumetric flask.
Then, methanol was added to the mark, shook well to
extract both catechin and caffeine from the samples.
Next, each solution was filtered using a filter paper
into their respective sample bottles. Further filtration
was carried out using 0.45 um Durapore membrane and
finally, 1 pL of the filtrate was injected into the HPLC.

HPLC Instrumentation Condition

The chromatographic analysis was performed on an
Agilent Technologies® High Performance Liquid
Chromatography (HPLC) system with separation
was carried out using C18 column (15 cm x 4.6 mm)
at oven temperature of 25 °C, with UV detection at
270 nm and flow rate of 1 mL/minute. The mobile
phase used for isocratic elution was 30% deionized
water and 70% acetonitrile.

RESULTS AND DISCUSSION

Analysis of Catechin Standard Solutions and Its
Calibration Curve

A series of standard catechin (50 ppm, 100 ppm, 150
ppm, 200 ppm, and 250 ppm) was measured at 270 nm
wavelength using HPLC-DAD and they were prepared
in triplicate. The average retention time for standard
catechin was found to be between 1.318 and 1.319
min, as shown in Table 1. The average peak area
was recorded from each standard solution, and the
calibration curve was constructed by plotting recorded
peak areas versus the concentration of standard catechin,
as shown in Figure 1. From the plotted calibration
curve, the linear equation obtained was y = 0.4279x +
8.2592 with a correlation coefficient (R?) value of
0.9823.

Table 1. The retention time and peak area for different concentration of standard catechin.

Concentration of

Average Peak

Average retention

standard (ppm) Area (mAU%*s) time (min)
50 34.9456 1.318
100 47.0320 1.318
150 67.0025 1.318
200 96.3164 1.318

250 117.6247 1.319
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Figure 1. Calibration curve of catechin standard at 270 nm.
Table 2. The retention time and peak area for different concentration of standard caffeine.
Concentration of Average Peak Average retention
standard (ppm) Area (MAU*s) time (min)
50 179.7353 1.443
100 283.0768 1.441
150 424.4147 1.442
200 641.0350 1.442
250 753.4117 1.444
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Figure 2: Calibration curve of caffeine standard at 270 nm.
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Table 3: The LOQ and LOD values of catechin and caffeine in green tea capsule samples.

Compound Regression Standard Error Slope LOD LOQ

P equation of Intercept P (ppm) (ppm)
Catechin y:%";%ggx * 5.5068 04279 424686  128.6926
Caffeine y:i'%olix ¥ 348758 30106 382283  115.8432

Analysis of Caffeine Standard Solutions and Its
Calibration Curve

A series of standard caffeine (50 ppm, 100 ppm, 150
ppm, 200 ppm and 250 ppm) were measured at wave-
length of 270 nm using HPLC-DAD in triplicate. The
retention time obtained for standard caffeine was found
to be in the range between 1.441 and 1.444 min as
shown in Table 2. The peak area obtained from each
standard was recorded and the calibration curve was
constructed by plotting recorded peak areas versus
concentration of standard caffeine as shown in Figure
2. From the plotted calibration curve, the linear
equation obtained was y = 3.0106x + 4.7414 with
correlation coefficient (R?) value of 0.9856.

Limit of Detection and Limit of Quantitation

Limit of detection (LOD) measure the smallest
concentration of standards compound that can be
detected. Limit of quantification (LOQ) quantifies the
lowest level of catechin and caffeine standards that
can be precisely and accurately detected. Both were
determined using the formulas LOD = 3.3 x SE/S and
LOQ = 10 x SE/S. According to Little [14], S is the
slope of the regression line and SE stands for standard
error, derived from the data analysis in MS Excel.
Regression analysis can easily determine the calibration
curve's standard error (SE), making it the most straight-
forward technique [15]. As they relate to the sensitivity
of the appropriate analytical method, determining the
limit of detection (LOD) and quantification (LOQ) is

crucial. Table 3 illustrates the LOD and LOQ results.
Catechin and Caffeine Content in Green Tea Samples

The amount of catechin in the green tea teabag and
capsule samples were calculated using the equation
obtained from the calibration curve of standard catechin.
Table 4 shows the amount of catechin in teabag samples,
with the highest amount of catechin was found in Sample
A (221.2046 mg), followed by Sample C (145.2162
mg) and Sample B (124.4894 mg). According to Dekant
[12], catechin intake in the form of green tea infusions
should be safe up to the maximum consumption of 734
mg EGCG/person/day. The catechin content in teabag
samples is less than 734 mg, which can be considered
safe for daily consumption. However, for Sample A,
the consumers should limit the intake to 3 serving/day
due to the high content of catechin in the sample.

From Table 4, it can also be seen that catechin
was not detected in Sample D, which probably due to
its small amount, which is below the limit of detection
(LOD) and limit of quantification (LOQ) as discussed
in the previous section. Even so, the manufacturer
labelled on the packaging that catechin is present in
Sample D. On the contrary, Sample E has the highest
amount of catechin recorded (7274.2679 mg) among
all the samples tested (both teabags and capsules).
The high amount of catechin in Sample E is quite
alarming as Dekant [12] proposed that a tolerable
upper intake level of 300 mg EGCG/person/day for
food supplements.

Table 4: The catechin content in green tea samples

Retention time Peak Area Concentration + Welght_ of Welght of catechin
Sample (min) (Mau*s) RSD (ppm) catechin in 50 in teabag sample
PP mg sample (mg) (mg)
A 1.288 52.7894 104.0669 + 3.05 5.2033 221.2046
B 1.256 36.0832 65.0245 + 1.19 3.2512 124.4894
C 1.287 39.3422 72.6408 +£0.42 3.632 145.2162
D not detected not detected not detected not detected not detected
E 1.282 42.4267 7984.9264 + 0.88 399.2463 7274.2679
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The equation derived from the calibration curve
of the standard caffeine was used to calculate the
amount of caffeine in the green tea teabag and capsule
samples. Table 5 shows the highest calculated amount
of caffeine in Sample A (28.1111 mg) (green tea
teabag), followed by Sample C (26.2708 mg) and
Sample B (17.8573 mg). A study by Batool [16] stated
that green tea contains 60mg of caffeine. Therefore,
the amount of caffeine in all teabag samples are
within the permissible limit. Consequently, sample
A, with the highest caffeine concentration, can harm
the consumer if the green tea is taken more than
twice daily. A study by Garg [17] reported that
the high concentration of caffeine in green tea
preparation might be due to long brewing time at
high temperature.

The amount of caffeine in Sample D was found
to be 1.1561 mg, while Sample E contained 2253.8581
mg of caffeine as tabulated in Table 5. Most people
experience no behavioral effects with less than 300 mg
of caffeine [16]. As a result, the amount of caffeine in
Samples A, B, C and D were found to be within the
permissible limit (300 mg) hence they can be considered
as safe for multiple servings per day. On the other
hand, prolong consumption of Sample E may cause
serious side effects to the consumers due to the
excessive amount of caffeine (2253.8581 mg).

The Analysis of Catechin and Caffeine in
Green Tea Capsules and Teabags using
High-Performance Liquid Chromatography

Validation of the Analytical Method

Table 6 shows the percentage of relative standard
deviation (%RSD) of catechin and caffeine. %RSD
value indicates the precision of the closeness of the
value obtained by replicating measurements under
specified conditions. Based on the %RSD value, the
deviation of the sample value from the mean value can
be measured. The lowest value of %RSD from the
catechin sample was found in Sample C (0.42), while
the highest %RSD amount was found in Sample A
(3.05). The low %RSD indicates that the measurement
was precisely carried out. Hence, the result for sample C
is more precise than sample A. The %RSD value of
caffeine for Sample D showed that it was the least precise
measurement as compared to the other measurements
for other samples.

CONCLUSION

The amount of both catechin and caffeine content in
all green tea samples were successfully identified. The
highest amount of catechin (7274.2679 mg) and caffeine
(2253.8581 mg) was found in Sample E followed by
Samples A, C and B. Sample D was found to have the
least amount of caffeine (1.1561 mg) with no catechin
detected which probably due to the high level of LOD
and LOQ.

Table 5. The caffeine content in green tea samples.

Retention time Peak Area Concentration £ RSD V\_/elg_ht of Welg_ht of
Sample (min) (Mau*s) (ppm) caffeine in 50 mg caffeine in teabag
PP sample (mg) sample (mg)
A 1.441 44,5567 13.225+0.41 0.6613 28.1111
B 1.441 32.8224 9.3274+0.84 0.4664 17.8573
C 1.443 44.3046 13.1413 £ 0.43 0.6571 26.2708
D 1.442 14.6046 3.2761+1.33 0.1638 1.1561
E 1.446 79.2251 2474.0484 +0.51 123.7024 2253.8581

Table 6. Percentage of relative standard deviation (%RSD) of catechin and caffeine content.

Sample Catechin sample (%RSD) Caffeine sample (%RSD)
A 3.05 0.41
B 1.19 0.84
C 0.42 0.43
D not detected 1.33
E 0.88 0.51
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