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Abstract

To date, the specific levels of theophylline in Burundian tea remain
unknown, and scientific information regarding caffeine content is limited.
This study aims to address this gap by determining the content of these
methylxanthines in different grades of black tea produced across the six main
tea-growing regions of Burundi. Using High-Performance Liquid
Chromatography (HPLC) based on the reference NTC-ISO 20481 method,
samples collected from a dry-season production by Office du Thé du Burundi
(OTB) and Promotion pour la Théiculture a Mwaro (PROTHEM) were
analyzed. The results revealed that the theophylline content ranged from
0.145% to 0.279%, while caffeine levels varied between 1.979% and 3.331%.
The significant variations (p < 0.05) depending on both the region and the tea
grade were also revealed. Generally, the PD and D1 grades were identified as
the richest in methylxanthines, with OTB-produced teas showing higher
concentrations than those from PROTHEM. These findings confirm that
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Burundian tea is comparable to premium East African teas and remains within
safe limits for daily consumption. The results of this study should help
consumers to control the amount of these methylxanthines according to their
nutritional needs, while Burundian black tea companies could use them to
better promote this product and better position themselves on the international
market.
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Introduction

Tea, derived from the leaves of the plant Camellia sinensis, is the most
widely consumed beverage in the world after water (Sajilata et al., 2008). It is
one of the three most consumed non-alcoholic beverages globally (Rahman et
al., 2013), and its consumption has increased considerably over the years.
Considered healthier than coffee and cocoa, tea is strongly recommended by
the World Health Organization (Dutta, 2017) and remains one of the most
affordable beverages available (A. Hicks, 2009).

The health benefits of tea are largely attributed to biologically active
ingredients, particularly a subgroup of alkaloids known as methylxanthines
(Monteiro et al., 2016). These compounds, which include -caffeine,
theobromine, and theophylline, are chemically very similar (Figure 1) and are
mainly found in foods such as coffee beans, cocoa beans, and tea leaves
(Srdjenovic et al., 2008; Rodriguez et al., 2015). They play an important role
in human health (Fernandez et al., 2002) by sharing stimulatory effects on the
central nervous system, as well as on the gastrointestinal, cardiovascular,
renal, and respiratory systems (de Sena et al., 2011).

Among these, caffeine was first isolated from tea in the early 1820
(Ashihara et al., 2008). It acts as a mild stimulant and is metabolized in the
liver into paraxanthine (80%), theobromine (11%), and theophylline (4%)
(Londzin et al., 2021). Theophylline (1,3-dimethylxanthine) has been used for
many years as a bronchodilator for chronic respiratory diseases like asthma
(Jafari et al.,, 2011) and recently proposed as an adjuvant in COVID-19
treatment due to its immunomodulatory properties (Montafio et al., 2022).
However, side effects such as nausea and dizziness can occur, necessitating
dose moderation (B. Zhu et al., 2015).
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Figure 1: Chemical structures of (a) theophylline; (b) caffeine and (c) theobromine

Various factors, including soil, climate, plucking season, and
processing methods, lead to variability in the methylxanthine content of tea
(Dubuis et al., 2014 ; Turkmen & Velioglu, 2007 ; Baek et al., 2022).

In Burundi, the production and commercialization of tea across
different grades are exclusively held by the Office du Thé du Burundi (OTB)
and Promotion de la Théiculture 8 Mwaro (PROTHEM). Although Burundian
tea is exported to many other countries??, currently, these organizations rely
primarily on organoleptic tests to assess black tea quality before marketing.
To the best of our knowledge, the specific levels of theophylline in Burundian
tea remain unknown, and scientific information regarding caffeine content is
limited. While it is established that content varies with the plucking season,
determining these levels in dry-season production using High-Performance
Liquid Chromatography (HPLC) would provide significant added value.

This work aims to determine the amounts of theophylline and caffeine
in different grades of black tea produced in Burundi, considering both the
grade and the production region. To achieve these objectives, a modified
HPLC method (NTC-ISO 20481, 2008) was employed. This study expects to
classify tea-growing regions based on their methylxanthine content.
Ultimately, Burundian tea growers, industrialists, and consumers will benefit
from understanding the levels of these compounds, allowing for better
awareness, regulatory measures, and a clearer positioning of Burundian black
tea quality.

Material and Methods
The sampling

The study was conducted on black tea samples collected from six
major tea-growing regions in Burundi. The sampling sites and the
corresponding processing factories managed by the OTB and PROTHEM are
geographically illustrated in Figure 2.
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Figure 2: The location of tea processing factories in Burundi on map (the green triangles are
used for the five OTB factories and the blue triangle for the PROTHEM factory).

Table 1: Distribution of samples by processing factories
Samples TORA TEZA I1JENDA BUHORO RWEGURA GISOZI

PF1 + + + + + +
BP1 + + + + + +
PD + + + + + +
Dl + + + + + +
D + + + - +
F1 - - + + + +
FS1 + - - - - -
FS + + - + - -
BMF + + + + + -

The + and - signs indicate the availability and non availability of the tea grade at the
factory at the time of sampling (PF1 = Pekoe Fannings One, BP1= Broken Pekoe One,
PD = Pekoe Dust, DI = Dust One, D = Dust, F1=Fannings, FSI= Fannings One,
BMF = Broken Mixed Fannings).

A total of 41 samples were collected during the dry season production
period, specifically between June and August 2022. The distribution of black
tea grades varied based on factory availability at the time of sampling. The
detailed distribution of samples across regions and grades is summarized in
Table 1.
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Choice of method

The selection of High-Performance Liquid Chromatography (HPLC)
was predicated on the requirement for a highly sensitive analytical method
capable of simultaneously quantifying caffeine and theophylline, given that
the latter typically occurs in trace amounts in tea (Baek et al., 2022).

Chemicals and reagents

The analytical standards used were pure theophylline (purity > 99%,
SIGMA) and pure caffeine (Merck 2584, Germany). Reagents included
analytical grade methanol and glacial acetic acid. Ultrapure water was
obtained using a Puranity PU 15 UV/UF+ system.

Instrumentation and HPLC conditions

General laboratory equipment used for sample preparation included an
analytical balance (SARTORIUS, QUINTIX35-1S, ®), a heated magnetic
stirrer, centrifuge tubes, and a centrifuge (Eppendorf 5810R).
Chromatographic analyses were conducted using an Agilent 1260 Infinity II
UV HPLC system equipped with a Poroshell 120 EC-C18 column (4.6 x 100
mm) for separation. The mobile phase consisted of a mixture of water,
methanol, and glacial acetic acid in a volumetric ratio of 79:20:1 (v/v/v),
which was degassed in a Bransonic CPX3800 (CPX-952-818R) ultrasonic
bath for 15 minutes prior to use. The optimized operating conditions included
a flow rate of 0.9 mL/min, an injection volume of 10 pL, and a column
temperature maintained at 40°C. Detection was performed via UV absorption
at a wavelength of 272 nm, with a total run time set to 8§ minutes per injection.

Preparation of standard solutions

Stock standard solutions (1000 ppm) of theophylline and caffeine were
prepared by dissolving 0.10030 g and 0.10067 g of the respective pure
standards in 100 mL of ultrapure water. From these stock solutions, a series of
five diluted working standards were prepared to establish calibration curves
(Table S1, Supporting Information: SI). The linearity of the method was
verified by plotting peak areas against concentrations (Figure S1 and Table
S2, SI).

Preparation of samples

The extraction protocol was based on the ISO method for caffeine
determination (NTC-ISO 20481, 2008), with modification to the extraction
time informed by existing literature (M. B. Hicks et al., 1996; Lopez-Martinez
et al., 2003a; X. Zhu et al., 2004). To optimize the solid-liquid extraction time
for simultaneous determination, 5 g (= 0.01 mg) of a tea sample (Grade D1)
and 5 g of magnesium oxide were added to 500 mL of distilled water in a flask.

www.eujournal.org 63



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print)
February 2026 Edition Vol. 22, No. 6 e-ISSN 1857-7431 (Online)

Three independent extraction runs were subsequently conducted under boiling
conditions for durations of 30, 45, and 60 minutes, respectively. Upon
completion, the solutions were cooled to room temperature, and a 50 mL
aliquot from each run was centrifuged at 1510 rpm for 15 minutes. The
resulting supernatant was filtered through a 0.20 pm microfilter into a vial for
HPLC analysis, and the results of this preliminary optimization (Table S3, SI)
indicated that 60 minutes was the optimal extraction time.

Sample analysis

Following optimization, all 41 tea samples were prepared using the
protocol described above, with the solid-liquid extraction time fixed at one
hour. Standards and samples were injected into the HPLC system under the
conditions described in the instrumentation and HPLC conditions section.
Compounds were identified by retention time and quantified using the best-fit
linear regression equation from the calibration curves.

Statistical analysis

Statistical processing was carried out using SPSS software (IBM SPSS
Statistics for Windows, 2020). An Analysis of Variance (ANOVA) was
performed to assess the significance of differences between regions and
grades. The Duncan multiple range test (Duncan, 1955) was applied to identify
homogeneous groups and statistically significant differences (p < 0.05).

Results
Calibration and calculation of content

The linearity of the analytical method was confirmed through
calibration curves for both analytes, which are displayed in Figure S1 (SI).
The strong correlation observed allows for the direct determination of
concentrations based on peak areas.

The final content of theophylline and caffeine in the tea samples was
calculated using the following equation,

Content(%) = conc.(mg/ L)xV (L) <100
m(g)x1000(mg)

where:
Conc. is the concentration (g/L) of theophylline or caffeine derived from
the calibration curve;
V is the volume (L) of water used for the solid-liquid extraction;
m is the mass (g) of the tea sample.
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Average theophylline content

The quantitative results for theophylline across the 41 black tea
samples are summarized in Table 2. Detailed statistical data, including the
results of the Duncan multiple range test for significant differences, are
provided in Table S4 (SI). To facilitate a visual comparison of the variations
across different regions and grades, the trends in theophylline content are
illustrated in Figure 3.

Average caffeine content

The average caffeine concentrations determined for the different
grades of black tea produced in Burundi are presented in Table 3 and Table S5
(SI). Similar to theophylline, the distribution and specific trends of caffeine
content across all tea-growing regions are depicted in Figure 4.

Comparative analysis of extraction method

To evaluate the influence of the preparation method, the
methylxanthine content obtained via the standard ISO extraction was
compared with the infusions prepared using tap water for five minutes. The
raw data from these three comparative tests are listed in Table S6 (SI), while
the aggregated average values are summarized in Table 4.

Table 2: Average theophylline content (% w/w) in different grades of tea from the same

region

Grade TORA TEZA IJENDA MABAYI RWEGURA GISOZI
PF1 0.196+0.011%  0.207+0.003°  0.205+0.007*  0.203+0.003¢  0.188+0.003°  0.145+0.009¢
BP1 0.201£0.006*  0.20440.005°  0.189+0.001¢  0.227+0.003¢  0.206+0.013% 0.165+0.003%
PD 0.202+0.003%  0.230+0.011%>  0.21440.013%®  0.279+£0.017*  0.238+0.014*  0.169+0.009%
Dl 0.216+0.002*  0.220+0.002"  0.204+0.003>  0.219+0.021¢¢  0.233+£0.004*  0.177+0.0042
D - 0.220+0.011%  0.199+0.003%¢  0.257+0.010° - 0.173+0.003%
F1 - - 0.206£0.004*  0.220+0.007°¢  0.203+0.004°  0.161+0.009°
FS 0.198+0.003*  0.241+0.006* - 0.231+0.002°¢ - -
FS1 0.213+0.001* - - - - -
BMF  0.2124+0.006*  0.205£0.001¢  0.218+£0.001*  0.170£0.002¢ 0.174+0.003¢ -
P- 0.002 0.000 0.001 0.000 0.000 0.001
Value

The sign - indicates that the grade is not produced. In the same column, (a-e)the same

superscripts for grades from the same region indicate that theophylline contents are

statistically identical. *No comparison.
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Figure 3: Theophylline content as a function of grade of black tea from the six regions

Table 3: Average caffeine content (% w/w) of different grades of tea from the same region

Grade TORA TEZA IJENDA MABAYI RWEGURA GISOZI
PF1 2.898+0.022°  2.926+0.012% 2.627+0.018¢ 3.004+0.0269 2.397+0.017¢ 2.528+0.021%°
BP1 2.944+0.020> 2.825+0.031% 2.687+0.018° 2.923+0.039° 2.443+0.023¢ 2.509+0.021¢
PD 2.527+0.018"  2.822+0.024* 2.756+0.021° 3.331+0.055* 3.213+0.034* 2.703£0.023*
DI 2.706+0.018°  2.987+0.025* 2.881+0.016* 3.126+0.015> 2.724+0.019¢ 2.705+0.0212
D - 2.947+0.152*  2.853+0.015* 3.059+0.017¢ - 2.583+0.030°
F1 - - 2.672+£0.019¢ 2.774+0.026° 3.006+0.020° 2.460+0.0149
FS 2.817+0.018¢  2.766+0.015¢ - 2.729+0.016f - -
FS1 3.068+0.021%* - - - - -
BMF  2.921+0.018" 2.293+0.023¢ 2.586+0.023° 1.979+0.015¢ 2.232+0.018" -

P- 0.000 0.000 0.000 0.000 0.000 0.000
Value

The sign - indicates that the grade is not produced. (a-g) in the same column, the same
superscript (a-g) for grades from the same region indicate that theophylline contents are
statistically identical. *No comparison.
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Figure 4: Caffeine content as a function of grade of black tea from the six regions
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Table 4: Average value of theophylline and caffeine content (% w/w) determined from tea
infusions*
Sample Theophylline Caffeine
PD MABAYI 0.307+0.008 (0.279+0.017)* 3.034+0.017 (3.331+0.055)"
PF1 GISOZI  0.211+0.004 (0.145+0.009)* 2.334+0.001 (2.528+0.021)"
* Prepared using tap water infusion. a ISO 20481 based theophylline content value from
this study and b ISO 20481 based caffeine content value from this study.

Discussion
Method validation and linearity

The reliability of the analytical method was established prior to sample
analysis. The calibration curves displayed in Figure S1 (SI) demonstrate
excellent linearity, implying a strong correlation between peak area and
concentration for the standard solutions (R? = 0.99996 for theophylline and R?
=0.99998 for caffeine).

Regarding extraction efficiency, the results of the theophylline
extraction test yielded contents of 0.270%, 0.272%, and 0.282% for 30, 45,
and 60 minutes, respectively. This aligns with previous studies indicating that
the maximum extraction time of caffeine by water is one hour (Mourya et al.,
2019). These results confirm that xanthines can be extracted and assayed
simultaneously, in accordance with established protocols (de Sena et al., 2011
; Horzi¢ et al., 2009).

Theophylline content and variation

The results summarized in Tables 2 and S4 show that the average
theophylline content of different grades of black tea produced in all tea-
growing regions varies between 0.145% and 0.279%. Specifically, MABAYI
black tea grade PD exhibits the highest theophylline content (0.279 +0.017%),
while the lowest (0.145 + 0.009%) is found in GISOZI black tea grade PF1.

Based on the average theophylline content, the classification of tea
grades in ascending order for each region is as follows:

TORA: PF1 <FS <BP1 <PD <BMF <FS1 <Dl

TEZA: BP1 <BMF <PF1 <D <DI <PD <FS

IJENDA: BP1 <D <D1 <PF1 <F1 <PD <BMF

MABAYI: BMF <PF1 <D1 <F1 <BP1 <FS <D <PD

RWEGURA: BMF <PF1 <F1 <BPI1 <DI <PD

GISOZI: PF1 <F1 <BP1 <PD <D <DI

Analysis of variance (ANOVA) revealed very significant differences
(p <0.05) between the contents of tea grades within the same region and within
the same grade across different regions. However, the Duncan post-hoc test
indicates that PD and D1 grades have statistically identical contents in all tea-
growing regions except for MABAYI.
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Overall, as summarized in Figure 3, the so-called "fibre-free first-line"
grades found in all regions are generally rich in theophylline. Notably, the
BMF grade (fibrous second-line) is also rich in theophylline across all regions.
Furthermore, theophylline content of tea grades produced by OTB factories is
generally higher than those produced by PROTHEM, with significant
statistical differences.

The level of theophylline in Burundian black tea (0.145% to 0.279%)
is relatively higher than data available in scientific literature, where reliable
ranges are often 0.02—0.04% (Graham, H.N., 1984a ; Szymanski et al., 2022)
or as low as 0.00248% in South Korean tea (Baek et al., 2022). However, our
results are comparable to Kenyan black tea (0.2331%) reported by Szymanski
et al. (2022). These variations can be ascribed to different manufacturing
processes and processing methods (Turkmen & Velioglu, 2007).

Caffeine content and variation

As presented in Table 3 and S5 (SI), the average caffeine content varies
between 1.979% and 3.331%. MABAYI PD grade black tea showed the
highest caffeine content (3.331£0.055%), while the lowest was observed in
the same region for BMF grade (1.979+0.015 %).

In general, the average caffeine content of the different grades allows
us to establish a classification in ascending order for each of the six tea-
growing regions:

TORA: PD <D1 <FS1 <PFI <BMF <BPI

TEZA: BMF <FS <PD <BP1 <PF1 <D <Dl

IJENDA: BMF <PF1 <F1 <BP1 <PD<D <DI

MABAYI: BMF <FS <F1 <BP1 <PF1 <D<DI1<PD

RWEGURA: BMF < PF1 <BP1 <DI <F1 <PD

GISOZI: F1 <BP1 <PF1 <PD<D<DI

The results plotted in Figure 4 clearly show that, generally, PD and D1
grades are the richest in caffeine across most regions. The analysis of variance
reveals a p-value much lower than 0.05, confirming that caffeine content
varies significantly between grades in the same region. Nevertheless, the
Duncan test identified some statistically identical contents, such as BP1 and
PF1 exclusively in the TEZA and GISOZI regions. Similar to theophylline,
OTB tea grades showed higher caffeine levels than PROTHEM grades.

The caffeine results are in line with global literature. Burundian tea
levels (1.979%-3.331%) are comparable to teas consumed in Spain (1.8-3%)
(Sanchez, 2017) and the UK (2.2-2.8%) (Khokhar & Magnusdottir, 2002) , as
well as recent multi-country studies showing ranges of 2.37-3.3% (Szymanski
et al., 2022).

www.eujournal.org 68



http://www.eujournal.org/

European Scientific Journal, ESJ ISSN: 1857-7881 (Print)
February 2026 Edition Vol. 22, No. 6 e-ISSN 1857-7431 (Online)

Influence of preparation method and health implications

A comparison was made between the standard ISO 20481 method and
a simple infusion (Table 4) using two samples (MABAYI PD and GISOZI
PF1). The results show that theophylline content is higher in the infusion
(0.211%—-0.307%) than in the extract obtained using the ISO method
(0.145%-0.279%).

This may be attributable to the nature of the water used. The acid-base
properties of theophylline allow better extraction in slightly alkaline tap water
compared to neutral distilled water (Bruneton, 2009). Mineral ions (Ca®" and
Mg?") in tap water promote the formation of water-soluble complexes by
replacing the hydrogen on the N-7 position of the theophylline imidazole ring,
whereas caffeine remains stable in pure water (Zareef et al., 2020; Astill et al.,
2001).

Despite the extraction efficiency (Table S7, SI), the amount of
theophylline per cup (250 ml) remains low (6.97 mg — 11.93 mg), which is
well below the therapeutic doses of 13 mg/kg/24h for adults (Matte et al.,
1982).

Regarding caffeine, concentrations range from 38.85 mg/cup for
lighter varieties to 58.88 mg/cup for stronger ones. According to the European
Food Safety Authority (EFSA Panel on Dietetic Products, Nutrition and
Allergies (NDA, 2015), the safe daily intake for a healthy adult is 400 mg/day.
This means consumers can safely enjoy up to 6 cups of the stronger Burundian
tea or 10 cups of the lighter varieties daily. This aligns with UK consumption
patterns (92-146 mg/day) (Khokhar & Magnusdottir, 2002), suggesting
Burundian tea is a safe and flavorful source of methylxanthines.

Conclusion

This study successfully determined the theophylline and caffeine
contents in various grades of black tea produced across the six main tea-
growing regions of Burundi. Using a modified HPLC method (NTC-ISO
20481), we demonstrated that methylxanthine levels vary significantly
depending on both the geographical region and the grade of tea.

Our findings reveal that Burundian black tea produced in dry season
contains theophylline levels ranging from 0.145% to 0.279% and caffeine
levels from 1.979% to 3.331%. Generally, the PD and D1 grades were
identified as the richest in both compounds across most regions, while
significant differences were observed between teas produced by OTB and
PROTHEM. From a consumer perspective, we found that infusion with tap
water extracts theophylline more efficiently than distilled water, likely due to
mineral interactions. Furthermore, despite the robust methylxanthine content,
Burundian black tea remains well within safe consumption limits established
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by the EFSA, allowing healthy adults to consume up to 6 cups of the strongest
grades daily.

As a supplement to this study, an investigation was undertaken on
other bioactive compounds acting on human health. By taking into account
factors such as the geographical location, the picking period, and the soil
conditions of Burundi's tea-growing sites, we will be able to quantify these
compounds. Further studies could build upon this foundational work by
exploring the specific agronomic and technological factors that influence these
chemical profiles, ultimately contributing to the optimization of tea quality in
Burundi.
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