
ABSTRACT 

This study quantified the caffeine content of unlabelled Ready-To-
Drink (RTD) caffeinated beverages commonly consumed by Malaysian 
university athletes, focusing on products from tea- and coffee-shops, 
and to evaluate their compliance with international (U.S. Food and Drug 
Administration (U.S. FDA) and Indonesian National Standard (INS) safe 
guidelines. A total of 31 RTD beverages (20 tea shops, 11 coffee shops) 
were selected using purposive sampling and analysed in triplicate by 
validated High-Performance Liquid Chromatography (HPLC). Results 
were analysed using descriptive statistical analysis and inferential 
testing to compare mean caffeine levels between beverages. Caffeine 
concentrations varied markedly, ranging from 2.94–69.47 mg/100 mL 
in tea beverages and 9.86–432.21 mg/100 mL in coffee beverages. 
Most tea beverages (12 of 20) and nearly all coffee beverages (10 of 11) 
exceeded the INS per-serving threshold (≤50 mg), and several coffee 
products also surpassed the FDA limit (≤200 mg). Statistical analysis 
confirmed significantly higher caffeine levels in coffee-shop compared 
with tea-shop beverages (p<0.001). When expressed relative to body 
mass, multiple beverages delivered caffeine doses within or above the 
commonly recommended ergogenic range of 3–6 mg/kg, indicating 
potential for unintentional high exposure. The absence of mandatory 
caffeine labelling limits consumers’ ability to estimate intake and may 
increase the risk of excessive consumption. These findings highlight the 
need for regulatory action mandating accurate caffeine disclosure and 
reinforce the importance of caffeine literacy among athletes, practitioners 
and the general-public to support informed and safe caffeine use.
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 Reseacrh Article

INTRODUCTION

Caffeine is one of the most widely 
researched and utilised ergogenic aids in sport, 
valued for its ability to enhance endurance, 
improve alertness and reduce perceived exertion 
during exercise (Pickering & Grgic 2021). When 
consumed in appropriate doses, typically 3–6 
mg/kg body mass about 30−60 minutes before 

activity, caffeine has been shown to improve 
performance across endurance, team and high-
intensity sports (Silva et al. 2025). These benefits 
have been recognised by the International 
Olympic Committee (IOC), the American College 
of Sports Medicine (ACSM), World Anti-Doping 
Agency (WADA) and other leading bodies in 
sports nutrition (Guest et al. 2021). 
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Ready-To-Drink (RTD) caffeinated 
beverages, including coffee- and tea-based 
products, have indeed become popular among 
athletes and physically active individuals. This 
trend is driven by their convenience, wide 
availability and appealing taste profiles (Jiménez 
et al. 2021). Among Malaysian university 
athletes, coffee drinks are the most preferred 
type of caffeinated beverage, followed by tea, 
reflecting broader consumption trends in the 
general population (Musa et al. 2025). In training 
and competition settings, athletes often use these 
beverages before, during or after sessions to 
maintain wakefulness, optimise performance or 
aid recovery (Jiménez et al. 2021). However, 
unlike sports-specific caffeine supplements, many 
RTD products do not provide accurate or visible 
caffeine content information on labels, menus or 
online platforms (Uddin et al. 2025). 

The absence of clear caffeine labelling 
presents a challenge for athletes aiming to align 
their intake with evidence-based sports nutrition 
strategies. Without knowing the exact dose, 
athletes risk underdosing (and missing potential 
performance benefits) or overdosing, which 
may result in side effects such as tachycardia, 
anxiety, sleep disturbance or gastrointestinal 
upset (Cadoni & Peana 2023). Excessive late-
day caffeine intake can impair recovery and 
disrupt sleep, both critical to training adaptation 
and competitive performance (Nobleza 2025). 
Alarmingly, a recent study reported that 69.1% of 
Malaysian university athletes consumed caffeine 
above the recommended safe daily allowance of 
≤400 mg/day during sports events, underscoring 
the real-world risks of unregulated intake (Musa 
et al. 2025).

International health authorities such as the 
European Food Safety Authority (EFSA) and the 
U.S. Food and Drug Administration (USFDA) 
have set a maximum safe daily caffeine intake 
of 400 mg and 200 mg per serving for healthy 
adults (Sulaiman et al. 2024). In contrast, the 
Indonesian National Standard (INS) recommends 
a much lower limit of 150 mg/day and no more 
than 50 mg per serving (Rahmawati et al. 2024). 
While these regulatory limits aim to protect 
public health, they do not account for the higher, 
targeted intakes often recommended in sports 
nutrition for ergogenic purposes. This mismatch 
which refers to the discrepancy between public-
health caffeine limits (e.g., INS: ≤150 mg/
day and ≤50 mg/serving; FDA: ≤400 mg/

day and ≤200 mg/serving) and the safe doses 
recommended used in sports nutrition (3–6 mg/
kg) for ergogenic purposes, combined with the 
absence of labelling, means that athletes may 
unknowingly exceed both safe health thresholds 
and optimal sports performance ranges. 

In Malaysia, there is currently no national 
database of caffeine-containing beverages and 
no specific regulation mandating disclosure 
of caffeine content in RTD products. This 
regulatory gap reflects a broader Southeast 
Asian trend, where policies vary widely across 
countries: Indonesia enforces strict limits, 
while Singapore, Brunei, Philippines and 
Thailand do not have legally binding caffeine 
limits per day or per serving (Pandejpong et 
al. 2014; National Nutrition Council (NNC) 
2025; Ministry of Health Singapore (MoHS) 
2024; Attorney General's Chambers (AGN) 
2001). Against this backdrop, Malaysia faces a 
dual challenge ensuring consumer safety while 
addressing the unique performance demands of 
athletes. At the same time, global market trends 
show that RTDs are among the fastest-growing 
functional beverages, particularly popular among 
adolescents, young adults and athletes (Gupta et 
al. 2023). In Malaysia, cultural practices such 
as daily consumption of ‘kopi ais’ and ‘teh ais’ 
further blur the line between recreational and 
performance-driven caffeine use, underscoring 
the urgent need for systematic monitoring and 
regulation.

Therefore, the present study aimed to (i) 
quantify the caffeine content of unlabelled RTD 
tea and coffee beverages commonly consumed 
by Malaysian athletes, and (ii) to evaluate these 
values against both international public health 
limits (INS, FDA). By providing this information, 
we aim to inform athletes, coaches and sports 
nutrition practitioners, as well as to highlight the 
need for clearer labelling policies to safeguard 
athlete health and optimise performance outcomes

METHODS

Design, location, and time
The research was an experimental study 

with a post-test control group design. The study 
was conducted at the Laboratory of Nutrition 
and Dietetic Programme, Faculty of Health 
Sciences, National University Malaysia, and 
the assessment implemented from April to July 
2022. The research obtained the research ethical 
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approval on December 2020 from Research 
Ethics Committee, National University of 
Malaysia with approval number JEP-2020-729.

Materials and tools
All beverages were analysed within one 

week of purchase to preserve freshness and 
replicate real-world consumption conditions. 
Each sample was processed in triplicate. Caffeine 
content was quantified using a validated High-
Performance Liquid Chromatography (HPLC) 
method. The procedure demonstrated excellent 
linearity (R²=0.9999), high recovery (94–104%) 
and low relative standard deviations (<0.02%), 
confirming method accuracy and precision. 

Procedure
Samples selection, preparation and 

caffeine analysis. A purposive sampling strategy 
was used to select 31 unlabelled RTD beverages 
(20 from tea shops, 11 from coffee shops) in the 
Klang Valley, Malaysia. Selection was based on 
popularity among athletes as identified through 
previous study by Musa et al.  (2025). Beverages 
were purchased in their original commercial 
packaging and in serving sizes typically available 
to consumers (250 mL, 350–400 mL, 473–500 
mL and 700 mL). The names and flavours 
teashops drinks were coded as (T1) Milk tea, 
(T2) Hazelnut milk tea, (T3) Earl grey milk tea, 
(T4) Nisho matcha pearl, (T5) Hazelnut coco, 
(T6) Signature coco, (T7) Plum green tea, (T8) 
Caramel milk tea, (T9) Jasmine green milk tea, 
(T10) Tea tarik, (T11) Tea c ice. While the coffee 
shops coded were CS1, CS2, CS3, CS4, CS5, 
CS6, and CS7 as Espresso macchiato, Hazelnut 
latte, Caffe americano, Sea salt caramel macchiato 
latte, Kopi o, Traditional coffee o and Nescafe 
ice. Hence, the sub-coded for tea shops based on 
the actual serving sizes as T1a, T2a, T3a, T4a, 
T5a, T6a, T7a, T8a, T9a, T1b, T2b, T3b, T4b, 
T5b, T6b, T7b, T8b, T9b, T10 and T11, whereas 
the coffee shops were CS1a, CS1b, CS2a, CS2b, 
CS3a, CS3b, CS4a, CS4b, CS5, CS6 and CS7. 
The amounts of caffeine in specific coffee drink 
and tea drink are illustrated in Table 3. Before 
analysis, 5 mL of all liquid samples were put 
in the 50 mL volumetric flask using pipette and 
were sonicated in a sonicator bath for 15 min to 
eliminate entrapped air and degasses. A 45 mL 
distilled water was top up in the volumetric flask 
to make up 50 mL and centrifuged for 10 min 
with 3,500 rpm to separate the components that 

had been constituted in the sample. The final 
solution was filtered using 0.45 µm membrane 
filters and directly transferred to a 2 mL vial prior 
to injecting into HPLC and analysed.

Data analysis
Data in triplicates were statistically 

analysed using one-sample t-test to compare the 
mean caffeine content of each beverage against 
fixed regulatory thresholds (INS 50 mg/serving 
and daily limit: 150 mg; FDA: 200 mg/serving 
and daily limit: 400 mg) at p<0.001. The results 
are presented as means with standard deviations. 
The SPSS software version 27 has been used for 
all measurements. 

RESULTS AND DISCUSSION

The findings reveal significant variability 
in caffeine levels among RTD beverages, with 
coffee shop drinks consistently having higher 
caffeine content per mg/100 mL compared to tea 
shop drinks. This section discusses the variations 
and assesses whether the products comply with 
established guideline limits. Caffeine content 
was compared using mg/100 mL for standardized 
evaluation, while mg/serving values were 
included to reflect the actual caffeine delivered 
based on each product’s commercial serving 
sizes.

For tea shop beverages, caffeine 
concentrations ranged from 2.94 to 69.47 mg/100 
mL. Tea drink (T3a and T3b) was exceeding 
the INS limit per serving with another three 
drinks (T1a, T1b and T10) approached the upper 
threshold and the rest below the standard limits. 
While all tea beverages under the accepted 
recommended allowance of INS per day, and 
both FDA limits per serving and daily. Mean 
caffeine content in eighteen unlabeled tea drinks 
significantly lower from the INS (50 mg/serving; 
150 mg/day) and FDA (200 mg/serving; 400 mg/
day) limits (p<0.001) except (T3) tea drink differ 
from the reference value (p<0.001) in Table 1.

Earl Grey milk tea (T3) demonstrated the 
highest caffeine concentration (69.47 mg/100 
mL) among the beverages analyzed, and this 
finding is consistent with several tea-related 
compositional and processing factors. Earl Grey 
is formulated using a pure black tea base, which 
is inherently rich in caffeine due to full oxidation 
and cultivar characteristics, and recent analytical 
studies confirm that black teas exhibit higher 
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caffeine levels than other tea categories (Ayakdaş 
& Ağagündüz 2025). In commercial preparation, 
Earl Grey milk tea is typically brewed using a 
higher tea-to-water ratio and longer steeping 
duration to preserve the characteristic bergamot 
aroma, both of which significantly enhance 
caffeine extraction.  Brewing often occurs at 
near-boiling temperatures or employs machine-
assisted methods like steam or ultrasonic brewers, 
which improve caffeine solubility and extraction 
efficiency (Piyasena 2025). Additionally, many 
Earl Grey blends use broken or Crush-Tear-Curl 
(CTC) tea grades with smaller particles, enabling 
faster caffeine diffusion into the beverage. 
Compared to other milk teas or Tea tarik versions, 
Earl Grey milk tea usually contains less milk or 
sugar, resulting in a more concentrated flavour. 
These formulation and processing features 
collectively explain why Earl Grey milk tea 
showed the highest caffeine density in this study.

Tarik (T10) and Milk tea (T1) showed 
moderate caffeine levels (41.07 mg/100 mL 
and 35.82 mg/100 mL), influenced by black 
tea brewing strength and considerable dilution 

during preparation. Though both use black tea 
dust, known for rapid caffeine release due to its 
fine particles, the caffeine content is lowered 
by the high amounts of condensed milk, added 
water, and air incorporation during the “pulling” 
process. These steps increase the beverage 
volume and dilute the tea extract, resulting in 
a lower caffeine density per 100 mL compared 
to Earl Grey milk tea. Shorter steeping times, 
usually 1 to 3 minutes in hawker-style drinks, 
limit caffeine extraction compared to longer 
brewing times in speciality milk teas. Repeated 
pouring also causes temperature fluctuations, 
which may reduce extraction efficiency 
versus continuous high-temperature steeping. 
Consistent with these observations, recent studies 
report wide variation in caffeine content across 
ready-to-drink black tea beverages, highlighting 
dilution as a key factor affecting caffeine levels 
(Rocha et al. 2022; Chen et al. 2024). Thus, the 
caffeine content in Tarik reflects its preparation 
approach, which emphasises a strong flavour 
while using significant dilution with milk, sugar, 
and aeration.

Table 1. Caffeine content and regulatory compliance of unlabeled RTD tea-shop beverages

Tea 
shop

Caffeine content Adherence to recommended intake limits

mg/100 mL
Actual 
serving 

size (mL)
mg

p 
(INS=50 mg/

serving)

p
(INS=150 
mg/day)

p
(FDA=200 
mg/serving)

p 
(FDA=400 

mg/day)
T1a 36.82±0.03 500 184.11±0.14 0.001* 0.001* 0.001* 0.001*

T1b 700 257.75±0.20 0.001* 0.001* 0.001* 0.001*

T2a 29.73±0.06 500 148.62±0.30 0.001* 0.001* 0.001* 0.001*

T2b 700 208.07±0.42 0.001* 0.001* 0.001* 0.001*

T3a 69.47±0.09↑a 500 347.35±0.44 0.001* 0.001* 0.001* 0.001*

T3b 700 486.29±0.61 0.001* 0.001* 0.001* 0.001*

T4a 5.04±0.01 500 25.18±0.03 0.001* 0.001* 0.001* 0.001*

T4b 700 35.25±0.05 0.001* 0.001* 0.001* 0.001*

T5a 2.94±0.03↓ 500 14.72±0.16 0.001* 0.001* 0.001* 0.001*

T5b 700 20.61±0.22 0.001* 0.001* 0.001* 0.001*

T6a 3.71±0.00 500 18.54±0.01 0.001* 0.001* 0.001* 0.001*

T6b 700 25.95±0.02 0.001* 0.001* 0.001* 0.001*

T7a 10.24±0.04 500 51.18±0.22 0.001* 0.001* 0.001* 0.001*

T7b 700 71.65±0.31 0.001* 0.001* 0.001* 0.001*

T8a 8.23±0.16 500 41.14±0.78 0.001* 0.001* 0.001* 0.001*

T8b 700 57.59±1.10 0.001* 0.001* 0.001* 0.001*

T9a 8.01±0.16 500 40.05±0.82 0.001* 0.001* 0.001* 0.001*

T9b 700 56.06±1.14 0.001* 0.001* 0.001* 0.001*

T10 41.07±0.12 250 102.67±0.31 0.001* 0.001* 0.001* 0.001*

T11 25.42±0.48 250 63.55±1.19 0.001* 0.001* 0.001* 0.001*

↑: Highest value caffeine content; ↓: Lowest value caffeine content; a:More than recommended per serving >50 mg by INS; b:More than recom-
mended per day >150 mg by INS; c:Over than recommended per serving >200 mg by FDA; d:Over than recommended per day >401 mg by 
FDA; p<0.001* comparison with INS and FDA using one-sample t-test; INS: Indonesian National Standard; FDA: Food and Drug Adminis-
tration; RTD: Ready-To-Drink; T1: Milk tea; T2: Hazelnut milk tea; T3: Earl grey milk tea; T4: Nisho matcha pearl; T5: Hazelnut coco; T6: 
Signature coco; T7: Plum green tea; T8: Caramel milk tea; T9: Jasmine green milk tea; T10: Tea tarik; T11: Tea c ice
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Hazelnut cocoa tea (T5) had the lowest 
caffeine level at 2.94 mg/100 mL, as tea is usually 
used in smaller amounts compared to cocoa 
powder, milk, non-dairy creamer, sugar syrup, 
and flavouring agents. As a result, the volume of 
water that directly contacts tea leaves is greatly 
reduced, leading to minimal caffeine diffusion 
from the tea fraction as given the composition 
and extraction characteristics of cocoa-based 
beverages. Cocoa drinks are theobromine-
dominant and naturally contain minimal 
caffeine, with large-scale food composition 
data indicating that chocolate milk and hot 
cocoa typically provide only ~2–5 mg caffeine 
per 100 mL (Rocha et al. 2022). In addition, 
cocoa powders used in commercial beverages 
undergo processing steps such as alkalization, 
roasting and fat reduction, which further lower 
caffeine concentration relative to native cocoa 
beans. The beverage matrix of hazelnut cocoa 
also contributes to its low caffeine density, a 
substantial proportion of the drink consists of 
milk, sugar syrup, and flavouring agents, all 
of which dilute any caffeine contributed by the 
small amount of tea or cocoa solids incorporated 
into the recipe. The fat content in milk can 
further impede the diffusion of methylxanthines, 
thus decreasing overall extraction efficiency. 
Consistent with recent research on cocoa-based 
drinks, the current findings show that beverages 
mainly made with cocoa and dairy ingredients 
have significantly lower caffeine levels compared 

to tea-based drinks. This trend results from both 
the composition of ingredients and processing 
limitations that restrict caffeine availability 
(Gonzales-Yépez et al.  2023). 

The significant variation in caffeine levels 
found across tea shop beverages shows how 
factors like tea grade, extraction strength, and 
dilution methods directly affect the caffeine 
content of unlabeled commercial drinks. Without 
caffeine labelling, consumers including athletes 
may unknowingly ingest caffeine beyond their 
personal tolerance or safety limits. 

For athletes relying on accurate caffeine 
doses to boost performance and avoid side effects, 
inconsistent or hidden caffeine levels can cause 
unintended overstimulation, gastrointestinal 
issues, sleep problems, or poorly timed caffeine 
intake. These points highlight the need for clear 
caffeine labelling and increased awareness of 
how beverages are prepared, especially for 
those needing to monitor their overall caffeine 
consumption carefully. Building on this, the 
next section explores how caffeine levels vary in 
unlabeled coffee shop drinks, where factors like 
bean type, roasting level and brewing techniques 
can further affect caffeine content.

Table 2 displays considerable variation in 
caffeine levels among the 11 coffee shop drinks 
analyzed, with amounts ranging from 9.86 to 
432.21 mg/100 mL. CS1 showed the highest 
caffeine content and, along with CS2, CS3, and 
CS4, significantly surpassed both INS and FDA 

Table 2. Caffeine content and regulatory compliance of unlabeled RTD coffee-shop beverages

Coffee 
shop

Caffeine content Adherence to recommended intake limits

mg/100 
mL

Actual 
serving size 

(mL)
mg

p 
(INS=50 mg/

serving)

p
(INS=150 
mg/day)

p
(FDA=200 
mg/serving)

p 
(FDA=400 

mg/day)
CS1a 432.21±0.00↑abcd 35 151.27±0.11 0.001* 0.001* 0.001* 0.001*

CS1b 70 302.55±0.21 0.001* 0.001* 0.001* 0.001*

CS2a 80.02±0.00a 354 283.28±0.12 0.001* 0.001* 0.001* 0.001*

CS2b 473 378.50±0.15 0.001* 0.001* 0.001* 0.001*

CS3a 64.75±0.01a 354 229.20±4.10 0.002** 0.001* 0.001* 0.001*

CS3b 473 306.24±5.48 0.002** 0.001* 0.001* 0.001*

CS4a 63.85±0.01a 350 223.46±0.12 0.001* 0.001* 0.001* 0.001*

CS4b 400 255.38±0.14 0.001* 0.001* 0.001* 0.001*

CS5 9.86±0.01↓ 250 24.66±0.03 0.001* 0.001* 0.001* 0.001*

CS6 39.94±0.00 250 99.86±0.02 0.001* 0.001* 0.001* 0.001*

CS7 39.45±0.00 250 98.62±0.02 0.001* 0.001* 0.001* 0.001*

↑: Highest value caffeine content; ↓: Lowest value caffeine content; a: More than recommended per serving >50 mg by INS; b: 
More than recommended per day >150 mg by INS; c: Over than recommended per serving >200 mg by FDA; d: Over than rec-
ommended per day >401 mg by FDA; p<0.001* and p<0.01** comparison with INS and FDA using one-sample t-test; INS: Indo-
nesian National Standard; FDA: Food and Drug Administration; RTD: Ready-To-Drink; CS1: Espresso macchiato; CS2: Hazel-
nut latte; CS3: Caffe americano; CS4: Sea salt caramel macchiato latte; CS5: Kopi o; CS6: Traditional coffee o; CS7: Nescafe ice
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reference limits (p<0.001). Although CS6 and 
CS7 contained moderate caffeine amounts, they 
still exceeded the INS recommended per-serving 
threshold (p<0.001). Conversely, CS5 (Kopi o) 
had the lowest caffeine level; however, it was 
still significantly different from the regulatory 
limits (p<0.001). These results emphasize the 
wide variation in caffeine content among coffee 
beverages and suggest that many unlabeled 
products could pose a risk of consumers 
consuming more caffeine than advised.

In this study, Espresso macchiato showed 
the highest caffeine level at 432.21 mg/100 

mL. This aligns with earlier research indicating 
that espresso extraction yields the highest 
caffeine concentration per milliliter among 
common brewing methods (Olechno et al. 2021; 
Mystkowska et al. 2024; Genovese et al. 2025). 
The espresso brewing process employs high 
pressure (around 9−15 bar), a very fine grind, 
and a relatively large amount of coffee, all of 
which boost solute extraction efficiency (Guerra 
et al. 2023; Guerra et al. 2024). Typically, 
caffeine levels in espresso drinks range from 210 
to 420 mg/ 100 mL (Cižmárová et al.  2025), 
closely matching the concentration observed 

Table 3. Caffeine content of RTD beverages compared with INS and FDA per-serving limits

Product 
code

Caffeine 
(mg/serving)

Estimation relative body-mass (mg/kg) >INS 
per serving

 (50 mg)

>FDA 
per serving 
(200 mg)

≥ 3−6 mg/kg 
ergogenic dose 
(ACSM/ IOC/ 

WADA)Athlete (60 kg) Athlete  (75 kg)

T1a 184.11 3.07 2.45 Yes No No
T2a 148.62 2.48 1.98 Yes No No
T3a 347.35 5.79 4.63 Yes Yes Yes
T4a 25.18 0.42 0.34 No No No
T5a 14.72 0.25 0.20 No No No
T6a 18.54 0.31 0.25 No No No
T7a 51.18 0.85 0.68 Yes No No
T8a 41.14 0.69 0.55 No No No
T9a 40.05 0.67 0.53 No No No
T1b 257.75 4.30 3.44 Yes Yes No
T2b 208.07 3.47 2.77 Yes Yes No
T3b 486.29 8.10 6.48 Yes Yes Yes
T4b 35.25 0.59 0.47 No No No
T5b 20.61 0.34 0.27 No No No
T6b 25.95 0.43 0.35 No No No
T7b 71.65 1.19 0.96 Yes No No
T8b 57.59 0.96 0.77 Yes No No
T9b 56.06 0.93 0.75 Yes No No
T10 102.67 1.71 1.37 Yes No No
T11 63.55 1.06 0.85 Yes No No
CS1a 151.27 2.52 2.02 Yes No No
CS1b 302.55 5.04 4.03 Yes Yes Approaching
CS2a 283.28 4.72 3.78 Yes Yes Approaching
CS2b 378.5 6.31 5.05 Yes Yes Yes
CS3a 229.2 3.82 3.06 Yes Yes No
CS3b 306.24 5.10 4.08 Yes Yes Approaching
CS4a 223.46 3.72 2.98 Yes Yes No
CS4b 255.38 4.26 3.41 Yes Yes No
CS5 24.66 0.41 0.33 No No No
CS6 99.86 1.66 1.33 Yes No No
CS7 98.62 1.64 1.31 Yes No No

INS: Indonesian National Standard; FDA: Food and Drug Administration; ACSM: American College of Sports Medicine; 
IOC: International Olympic Committee; WADA: World Anti-Doping Agency; T1: Milk tea; T2: Hazelnut milk tea; T3: Earl 
grey milk tea; T4: Nisho matcha pearl; T5: Hazelnut coco; T6: Signature coco; T7: Plum green tea; T8: Caramel milk tea; T9: 
Jasmine green milk tea; T10: Tea tarik; T11: Tea c ice; CS1: Espresso macchiato; CS2: Hazelnut latte; CS3: Caffe americano; 
CS4: Sea salt caramel macchiato latte; CS5: Kopi o; CS6: Traditional coffee o; CS7: Nescafe ice 
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here. Additionally, Macchiato contains only a 
"mark" of foam, resulting in minimal dilution 
and a highly concentrated beverage. Espresso-
based drinks with limited milk addition tend to 
retain higher caffeine levels per volume due to 
their high espresso-to-milk ratio (Wierzejska & 
Gielecińska 2024). Moreover, coffee shops often 
use higher coffee doses (18−22 g) or Robusta 
bean blends, both of which are known to increase 
caffeine content (Khamitova et al. 2020). 

In contrast, beverages like Hazelnut latte 
(80.20 mg/ 100 mL), Caffe americano (64.75 mg/ 
100 mL), and Sea salt caramel macchiato latte 
(63.85 mg/ 100 mL) show significantly lower 
caffeine levels, mainly due to dilution effects. 
Latte drinks generally contain large amounts 
of milk (around 150−250 mL), which reduces 
caffeine concentration when measured per 100 
mL (Cižmárová et al. 2025). Adding flavouring 
syrups in hazelnut or caramel drinks further 
increases the total liquid volume without caffeine, 
causing more dilution (Wierzejska & Gielecińska  
2024). Likewise, Caffe americano is made by 
diluting one espresso shot with 120−200 mL of 
hot water, explaining its lower caffeine content 
despite sharing the same espresso base (Olechno 
et al. 2021).

Coffee o (Kopi o) had the lowest caffeine 
concentration (9.86 mg/ 100 mL), and several 
mechanisms may account for this. First, bean 
species and blend composition may influence 
the baseline caffeine content. For example, 
analyses of Malaysian-grown Liberica beans 
have reported relatively low caffeine levels 
(~5.4% w/w), suggesting that if such low-
caffeine species or lower-grade blends are used, 
the resulting brew will naturally contain less 
caffeine. Second, roasting profile and coffee 
dose may contribute; lighter roasts retain more 
caffeine, whereas heavier roasts and lower coffee 
doses yield reduced caffeine extraction (Ihsan 
et al. 2023). Third, brewing parameters such as 
coarse grind size, shorter extraction time, lower 
water temperature and high-water volume can 
reduce caffeine extraction efficiency; gravity-
based filtration methods, such as the traditional 
cloth “sock” used for Coffee o, are typically less 
efficient than pressure-based espresso extraction 
(Olechno et al. 2021). Lastly, serving volume plays 
a role; when a modest caffeine dose is diluted into 
a large beverage volume, the resulting caffeine 
concentration per 100 mL becomes substantially 
lower. Collectively, these factors (bean species, 

roast level, coffee dose, brew method and 
dilution) provide a multifactorial explanation 
for the very low caffeine concentration observed 
in Coffee o. Nevertheless, direct contemporary 
evidence specifically examining Malaysian 
Coffee o remains limited, highlighting the need 
for future studies to quantify coffee dose, bean 
composition, brewing practices and serving 
volumes in real-world cafe settings. 

The variability seen in this study aligns 
with global patterns, where commercial coffee 
and tea products often show wide caffeine 
content ranges, frequently without proper 
labelling (Aung et al. 2020; Putithanarak et al. 
2022; Wierzejska & Gielecińska 2024). This 
inconsistency can challenge athletes trying to 
regulate caffeine intake according to periodized 
nutrition plans, such as tapering caffeine 
before major competitions to regain sensitivity 
or timing doses during endurance events to 
maintain performance (Kreutzer et al. 2022). 
Due to the significant variability, Table 2 displays 
caffeine content per serving and per 100 mL for 
straightforward comparison with INS and FDA 
limits.

In order to evaluate compliance with 
international public health standards, total 
caffeine per serving was compared against 
the INS limit of ≤50 mg/serving and the U.S. 
FDA threshold of ≤200 mg/serving. Table 3 
summarizes the caffeine content of each RTD 
product relative to these regulatory benchmarks. 
Most tea shop products (12 of 20) and nearly all 
coffee shop products (10 of 11) exceeded the 
INS per-serving threshold, while several coffee 
shop beverages also surpassed the FDA limit. 
These findings indicate that unlabelled RTD 
beverages commonly consumed by athletes 
frequently exceed established public-health 
safety thresholds. The significant differences 
in caffeine levels among products are due to 
variations in raw ingredients like Robusta, 
Arabica, or Liberica beans, as well as factors 
such as brewing strength, extraction pressure, 
tea oxidation level, and serving size. All of these 
elements are known to affect caffeine content in 
commercial drinks. Together, these preparation-
related factors probably account for why coffee 
shop beverages typically have higher caffeine 
concentrations than those from tea shops. 

Although current regulatory limits are 
designed for the general population, they do 
not accurately represent how athletes typically 



18	 J. Gizi Pangan,Volume 21, Number 1, March 2026

Musa et al. 

consume caffeine. This highlights the need for 
two practical actions: firstly, providing clear 
and precise caffeine labels for all consumers; 
and secondly, implementing targeted education 
to help athletes better gauge their caffeine 
consumption and prevent accidental overuse. 
Studies also underline that transparent labelling, 
regular monitoring of caffeine intake, and 
structured educational programs are essential for 
safeguarding consumers and minimising health 
risks associated with high-caffeine products 
(Morris et al. 2022; Corbett et al. 2024). Since 
these drinks are often consumed by university 
athletes and the general public, the absence 
of clear caffeine information could lead to 
unintentional excessive intake.

Athletes need accurate and consistent 
caffeine dosing to achieve performance benefits 
while minimising risks like overconsumption, 
stomach discomfort, and sleep issues. However, 
this study reveals significant variation in caffeine 
content across unlabelled tea and coffee shop 
beverages, with many exceeding INS and FDA 
reference limits. For example, beverages such 
as Earl Grey milk tea and espresso-based drinks 
reached very high concentrations, sometimes up 
to 432 mg/ 100 mL, potentially placing athletes 
above safe intake levels unintentionally. These 
results support a “known-dose” approach, 
where athletes focus on labelled or standardised 
caffeine sources and base intake on body weight 
(mg/kg). This method aligns with current sport 
nutrition guidelines emphasising individualised 
and periodized caffeine use (Kreutzer et al. 2022; 
Pickering & Grgic 2020). In practice, athletes 
should trial caffeine strategies before competitions, 
monitor timing and personal responses, and 
adjust to minimise adverse effects. From a policy 
standpoint, the considerable variability found 
in this study advocates for mandatory caffeine 
labelling on ready-to-drink and café-prepared 
beverages, in line with recent calls for greater 
transparency in commercial caffeine products 
(Wierzejska & Gielecińska 2024; Rocha et al. 
2022). For athletes and practitioners, education 
on brewing methods, serving sizes, and hidden 
caffeine sources is crucial, as preparation 
differences can significantly impact caffeine 
exposure (Chen et al. 2024; Genovese et al. 
2025). Overall, enhancing caffeine literacy is 
vital to promote safe and effective caffeine use in 
athletic contexts.

CONCLUSION

This study revealed significant variation 
in caffeine levels among unlabelled ready-to-
drink tea and coffee products, many surpassing 
the per-serving limits established by INS and 
the U.S. FDA. Several beverages also contained 
caffeine quantities within or above the ergogenic 
range recommended by ACSM/IOC/WADA, 
especially for lighter athletes, which raises the 
risk of unintentionally high intake. The absence 
of mandatory caffeine labelling limits consumers, 
particularly athletes who need precise mg/kg 
dosing- from accurately estimating their caffeine 
consumption. This can lead to overconsumption, 
sleep issues, and cumulative excess intake. 
These results emphasise the urgent need for 
clearer regulations, including mandatory caffeine 
labelling on ready-to-drink and café beverages, 
along with targeted education for athletes, 
coaches, and health practitioners. Improving 
both labelling transparency and caffeine literacy 
is essential to support safer consumption, more 
informed and evidence-based caffeine use.
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