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Abstract 

Ethanol, a by-product of the fermentation process in kombucha, is a crucial factor in assessing halal compliance, particularly 

in Muslim-majority countries. This study employed gas chromatography-mass spectrometry (GC–MS) with direct injection 

to quantify ethanol levels in kombucha, thereby providing high selectivity and specificity. The analysis employed a GC system 

featuring an Rtx-1MS column with a split ratio of 10:1, in conjunction with an MS system operating in scan mode across a 

mass range of 20.0 to 100.0 amu. Method validation was performed in accordance with the Association of Official Analytical 

Collaboration (AOAC) International guidelines, ensuring adherence to the Standard Method Performance Requirements 

(AOAC SMPR 2016.001) for ethanol determination in kombucha. The parameters assessed included selectivity, specificity, 

linearity, precision, accuracy, and the limits of detection and quantification (LOD/LOQ). The method demonstrated excellent 

linearity (R² > 0.990) over an ethanol concentration range of 0.05% to 3.2%. Furthermore, it exhibited a precision of 2.55% 

relative standard deviation (RSD), an accuracy ranging from 97% to 99%, and a limit of quantification (LOQ) of 0.001% 

alcohol by volume (ABV). The method met all the AOAC Standard Method Performance Requirements. Analysis of two 

kombucha products available on Indonesian e-commerce platforms revealed ethanol levels that exceeded halal standards. For 

instance, the Indonesian Council of Ulama (MUI) specifies a maximum limit of 0.5% ABV, while the Department of Islamic 

Development Malaysia (JAKIM) sets a threshold of 1% ABV. 
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Introduction 

Kombucha, a traditional fermented drink, has gained 

considerable popularity among fermented foods and 

beverages. It is produced by fermenting a sweetened 

tea medium with a symbiotic culture of bacteria and 

yeast (SCOBY), which inhibits the growth of other 

microorganisms [1]. SCOBY, a cellulose-based 

biofilm containing diverse microbial communities, 

serves as the starter culture for the fermentation 

process [2]. Originating in northeastern China around 

220 BCE, kombucha was introduced to Japan in 414 

CE as a health beverage. Trade networks subsequently 

facilitated the spread of kombucha to other regions, 

particularly Eastern Europe and Russia. Its popularity 

has fluctuated over time, notably following World War 

II. In 2017, retail sales of kombucha and other 

fermented beverages increased by 37.4% [3]. Global 

kombucha sales that year were valued at 

approximately $1.5 billion and are projected to reach 

$5.45 billion by 2025 [4-5].   

 

Kombucha is widely recognised for its numerous 

health benefits as a functional drink, in addition to its 

traditional role as a beverage [6, 7]. Its antioxidant 

properties are associated with various therapeutic 

advantages [1, 8], including the potential to inhibit 

cancer by reducing angiogenesis through the 

alteration of angiogenic stimulators [9, 10]. 

Additionally, several studies indicate that kombucha 

possesses hepatoprotective properties by mitigating 

oxidative stress, a significant factor in the 

pathogenesis of liver disease [6, 11, 12]. Furthermore, 

kombucha has been linked to lower cholesterol and 

blood pressure levels [15] and has been shown to 

reduce blood glucose levels in individuals with 

diabetes [13, 14]. 

 

The fermentation process in kombucha, as in other 
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fermented beverages, produces ethanol. In the United 

States, kombucha is classified as a non-alcoholic 

beverage if its alcohol by volume (ABV) is less than 

0.5%. By contrast, the United Kingdom and the 

European Union have a higher limit of 1.2% ABV for 

non-alcoholic beverages [16]. Clear regulations 

defining kombucha as either an alcoholic or a non-

alcoholic beverage, along with proper labelling, are 

crucial as the beverage's popularity grows [17]. The 

Indonesian Council of Ulama (MUI) is responsible for 

ensuring the halal status of products in Indonesia, a 

predominantly Muslim country. According to MUI 

Fatwa No. 10 of 2018, a beverage must not contain 

more than 0.5% ethanol to be considered halal. In 

contrast, Turkey has a more stringent limit of less than 

0.3% ABV [18, 19]. However, the Department of 

Islamic Development Malaysia (JAKIM) permits 

natural fermentation to produce ethanol levels below 

1% ABV, provided that the final product is not 

intoxicating. The Indonesian Council of Ulama (MUI) 

defines halal products as those manufactured in 

accordance with Islamic law and free from haram 

(prohibited) ingredients [21]. For Muslims, adhering 

to halal regulations is considered a fundamental 

religious duty that impacts not only their spiritual 

well-being but also their safety and quality of life [22]. 

From a religious perspective, maintaining halal 

compliance is also crucial for safeguarding public 

health and consumer interests [23].  

 

Multiple studies have demonstrated that kombucha 

frequently contains ethanol levels exceeding the 

permitted limits for non-alcoholic beverages [24]. For 

example, kombucha samples acquired in Carmel, 

USA, had ethanol concentrations ranging from 0.11% 

to 2.18% alcohol by volume (ABV) [25]. Other 

research has found that different flavours exhibited 

ABV levels from 0.03% to 1.63% [26]. In British 

Columbia, kombucha products often had more than 

1% ABV, with the highest levels found in samples 

from farmers' markets, restaurants, and processors 

[27, 28]. Building upon these findings, the present 

study aims to determine whether kombucha products 

sold on Indonesian online marketplaces comply with 

the halal standards established by the Department of 

Islamic Development Malaysia (JAKIM) and the 

Indonesian Council of Ulama (MUI). This is a crucial 

issue in a country with a predominantly Muslim 

population. 

 

Headspace sampling was predominantly used in 

earlier AOAC-compliant studies for ethanol 

quantification [25, 26]. The critical step of sample 

preparation significantly impacts the analytical 

accuracy of ethanol determination in kombucha [19]. 

To avoid the need for headspace instrumentation, this 

study utilised centrifugation and filtration as sample 

preparation methods, followed by direct injection for 

gas chromatography-mass spectrometry (GC–MS) 

analysis. Mass spectrometry was selected for its high 

sensitivity and selectivity in ion separation and 

detection, based on the mass-to-charge ratio (m/z) of 

ions. These techniques were chosen for their ease of 

use and sensitivity. 

 

Materials and Methods 

Materials and equipment 

This study utilised an internal standard of 1-propanol 

(EMSURE®, Merck) and an external standard of 

ethanol (EMSURE®, Merck). Samples of distilled 

water and kombucha tea, specifically 'Sample A' 

(original flavour) and 'Sample B' (passion fruit 

flavour), were sourced from two Indonesian e-

commerce platforms. 

 

For this study, a gas chromatograph and a mass 

spectrometry detector (Shimadzu GC–MS-QP2010S, 

Serial No. C703844) with an Rtx-1MS column (30 m 

x 0.25 mm ID x 0.25 µm df) were employed. Other 

equipment included a centrifuge, volumetric flasks 

(10 mL and 50 mL), micropipettes (100 µL and 1000 

µL), pipettes (5 mL and 10 mL), a vortex mixer, and a 

GC micro syringe (Model 801 NN 80135, Hamilton). 

 

Preparation of ethanol stock solution 

A 3.15 mL aliquot of the ethanol standard was 

measured using a 5.0-mL pipette and then diluted to a 

final volume of 50 mL with distilled water to prepare 

a 5% w/v ethanol stock solution.  

  

Preparation of internal standard stock solution  

A 3.10 mL volume of 1-propanol standard was added 

to a 50-mL volumetric flask using a 5.0-mL pipette. 

The flask was then filled to a capacity of 50 mL with 

pure water to prepare a stock solution of 5% w/v 

internal standard.  

  

Preparation of calibration solution  

Seven ethanol concentration levels ranging from 

0.05% to 3.20% w/v were prepared through serial 

dilutions of the stock solution. A 1 mL solution of a 

5% w/v internal standard was diluted by mixing it with 

distilled water in a 10-mL volumetric flask, then made 

up to volume, yielding a final concentration of 0.5% 

w/v for the internal standard.  

  

Preparation of Kombucha samples for ethanol 

analysis 

The kombucha sample was initially stored at room 

temperature prior to opening. A 10 mL sub-sample 

from each sample were then transferred into a 15-mL 

centrifuge tube and centrifuged at 5000 rpm for a 

duration of 10 minutes. Subsequently, 5.0 mL of the 

supernatant was transferred into a 10-mL volumetric 

flask, 1 mL of 5% w/v of the internal standard solution 

was used, and the mixture was diluted with distilled 
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water to a final concentration of 0.5% w/v. The flask 

was sealed and vortexed to ensure homogeneity. The 

solution was then filtered to eliminate the potential 

matrix and transferred into a vial [26].  

 

Measurement of ethanol levels 

The GC–MS system was filled with a 1.0 µL aliquot 

of each sample and a standard solution. Table 1 lists 

the operating parameters of the GC–MS system.  

 

Optimisation and method validation 

Method optimisation was conducted in accordance 

with the guidelines for single laboratory validation set 

by AOAC International (AOAC SMPR 2016.001) and 

the Indonesian National Standard (SNI) [25, 29]. 

 

Validation parameters 

The analytical performance characteristics, such as 

selectivity, specificity, linearity, precision, accuracy, 

and the limits of detection (LOD) and quantification 

(LOQ), as outlined in the USP and ICH guidelines, 

provided the foundation for validation. 

 

Selectivity and specificity  

The chromatograms of samples and standards were 

evaluated for the distinct resolution of ethanol and 1-

propanol peaks, devoid of any interfering signals. The 

method was considered selective and specific if no co-

eluting peaks were detected at retention times 

associated with the analytes [25].  

 

Linearity  

Seven calibration curves were created using stock 

solutions with concentrations ranging from 0.05% to 

3.2% w/v, and this process was repeated three times 

on different days. These calibration curves were 

generated by calculating the ratio of the signal 

response of the 1-propanol internal standard to that of 

ethanol. The calibration curves' linearity was 

examined using linear regression. An acceptable 

coefficient of determination (R2) was one that was 

higher than 0.990 [29].  

 

Precision  

On two different days, samples were prepared in 

triplicate and analysed.  The intra-day (repeatability), 

inter-day (intermediate precision), and overall 

precision of the analytical method were then 

statistically assessed.  The precision of the method 

was assessed by computing the Horwitz Ratio 

(HorRat) and the relative standard deviation of 

repeatability (RSDr).  HorRat values between 0.5 and 

2.0 are acceptable according to the AOAC 

International guidelines.  Additionally, the Standard 

Method Performance Requirements (SMPR 

2016.001) for determining the amount of ethanol in 

kombucha state that samples with an ethanol content 

between 0.1 and 2.0% ABV can have an RSDr of 4% 

[25-26].  

Table 1. Operational parameters of the GC–MS system used for trace ethanol detection in kombucha samples for 

halal verification 

 

No.  GC Parameters  Conditioning  

1  Column  Rtx-1MS (30 m x 0.25 mmID x 0.25 um df)  

2  Oven starting temperature    35 °C  

3  Oven temperature program  Hold at 35°C for 4 minutes, then ramp at 

30°C/minute to 215°C, hold for 2 minutes.  

4  Run time  

  

12 minutes   

  

5  Injector temperature  220 °C  
6  Injection volume  1.0 µL  

7 Split ratio 10:1 

8 Carrier gas Helium 

9 Flow Rate 1.4 ml/min (constant flow) 

No MS Parameters Conditioning 

1 Source Temperature 230 °C 

2 Quad temperature 150 °C 

3 Acquisition mode Scan 

4 Scan Range 20.0 – 100.0 amu 
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Accuracy  

A common addition (spiking) protocol was used to 

assess the method’s accuracy. An ethanol standard 

(>99.8% purity) was added to a blank kombucha 

matrix at three different concentrations: 0.10%, 

0.50%, and 2.50% (w/v). The Indonesian Council of 

Ulama (MUI) set a limit of 0.5% ethanol for halal 

certification, and these concentrations were chosen to 

fall within that range. On two different days, the 

analyses were conducted twice. The accuracy was 

evaluated using the percentage recovery. According to 

the AOAC International guidelines, a recovery range 

of 97% - 102% is considered acceptable as per SMPR 

2016.001 [26]. 

 

Limit of detection (LOD) and limit of 

quantification (LOQ)   

The LOD and LOQ were calculated from a series of 

low-concentration calibration curves (0.0125%–3.2% 

w/v). Using the standard deviation of the response and 

the slope of the linear regression line, the LOD and 

LOQ were statistically estimated [30, 31] as follows:  

 

LOD =
3.3 𝑥 𝑏

𝑆𝐷
     (eq. 1) 

 

LOQ =
10  𝑥 𝑏

𝑆𝐷
     (eq. 2) 

 

 

 

  

 

 

 

when other compounds are present.  The 

chromatograms of samples A (Figure 1) and B 

(Figure 2) show clear separations, indicating the 

analyte identification method’s selectiveness and 

specificity.  

 

The linearity was determined by analysing the 

correlation between the response ratio of the detector 

and the ethanol concentration ratio within the tested 

range [33]. The calibration curve produced a 

coefficient of determination (R²) of 0.9970 (Figure 3), 

exceeding the minimum acceptable criterion of R² ≥ 

0.990 as specified in SNI 8965:2021 [29]. This R² 

shows that the method is reliable for measuring 

ethanol concentrations at different concentrations.  

 

Precision was assessed in terms of repeatability within 

a single day and intermediate precision across two 

distinct days. The relative standard deviation for 

repeatability (RSDr) was 2.55%, and the Horwitz 

Ratio (HorRat) was 1.3 (Table 2). Both values fall 

within the acceptable limits stipulated by AOAC 

SMPR 2016.001 [25, 26], which are RSDr ≤ 4% and 

HorRat between 0.5 and 2.0. These results indicate 

that the proposed method exhibits good repeatability 

and reproducibility.  

 

The accuracy of the method was assessed using spiked 

samples at different concentrations, as shown in Table 

3. The initial recovery rates for each concentration 

ranged from 97% to 102%, satisfying the AOAC 

acceptance criteria (AOAC, 25-26). However, with an 

overall mean of 94.77%, the recovery values over 

several days were marginally below the threshold.  

Daily variability, which could be impacted by 

variables such as analyst performance, instrument 

stability, or sample degradation, could be the cause of 

this decline.

  

 
 

Figure 1. GC–MS chromatogram of sample A showing clear separation of ethanol (a) and 1-propanol (b) (internal 

standard) peaks for halal-compliance analysis 

b = slope of the calibration curve, and  SD =  standard

deviation of  the  regression line

Results and Discussion

Validation  of the analytical method

The  chromatogram  showed  that  the  method  was

specific because there was no interference from other

matrix  components  [32].  Ethanol  and  1-propanol

(internal  standard)  exhibited  distinct  peaks  without

overlapping signals. This shows that the method can

accurately  identify  and  measure  ethanol  levels  even
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Figure 2. GC–MS chromatogram of sample B demonstrating the clear separation of the peaks for ethanol (a) and 

1-propanol (b) (internal standard) for halal compliance analysis 

 

 

 
 

Figure 3. Calibration curve of ethanol-to-1-propanol peak area ratio versus concentration ratio, demonstrating 

method linearity for trace ethanol quantification 

 

Table 2. The precision of the method showed good repeatability 

 

Replication Ethanol Levels (% w/v) 

1 1.23958 

2 1.26099 

3 1.19897 

Average 1.23318 

SD 0.0315 

%RSD 2.5543 

CV Horwitz 1.9378 

Horwitz Ratio 1.3 
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The lowest concentration of a material that can be 

detected using a particular analysis technique is the 

LOD. The LOD and LOQ were calculated using the 

standard deviation of the response and the calibration 

curve slope. According to the data, the calculated 

LOD was 0.00259 w/v, or 0.00328% ABV, and the 

LOQ was 0.00864 w/v, or 0.0109% ABV. Neither of 

these values meets the AOAC SMPR 2016.001 

criterion of LOQ ≤ 0.05% ABV. This indicates that 

the technique is sufficiently sensitive to identify trace 

ethanol levels, particularly when the ethanol threshold 

is less than 0.5% ABV, which is relevant to halal 

certification. The LOD and LOQ calibration curves 

are shown in Table 4.  

 

Trace ethanol levels in Kombucha products 

Two kombucha products, Sample A (original flavour) 

and Sample B (passion fruit flavour), were purchased 

online for analysis. As presented in Table 5, the trace 

ethanol levels in each product were evaluated. Sample 

A demonstrated an ethanol concentration exceeding 

1% ABV, which surpasses the permissible limits set 

by both MUI (≤0.5% ABV) and JAKIM (<1% ABV). 

Conversely, Sample B contained an ethanol 

concentration of <1% ABV, thereby meeting the 

requirements stipulated by JAKIM but exceeding the 

more stringent limits established by MUI. 

 

The discovery of elevated ethanol levels in online 

kombucha products has raised concerns about their 

halal compliance. Continuous fermentation in 

kombucha can lead to increased ethanol levels over 

time, particularly when the products are not stored 

under refrigerated conditions. Talebi et al. reported 

similar findings, observing an increase in ethanol 

levels in kombucha stored at both room temperature 

(22°C) and elevated temperature (48°C) over a period 

of 60 days. Ethanol content exceeded 0.5% ABV even 

when stored under cold conditions [37]. 

Table 3. Accuracy of the GC–MS method for ethanol determination in kombucha based on spike recovery at 

halal-relevant concentration levels 

 

 Spike 

Concentration 

%  

Recovery 

Day 1 0.10% 97.27 

Day 2 0.10% 91.12 

Day 1 0.50% 98.38 

Day 2 0.50% 91.81 

Day 1 2.50% 99.21 

Day 2 2.50% 90.85 

Average  94.77 

 

Table 4. LOD and LOQ results confirming the method’s sensitivity for detecting trace ethanol in compliance with 

halal thresholds 

Concentration 

(%w/v) 

Peak Area Status 

3.20 134425562 detected 

1.60 60705237 detected 

0.80 26812651 detected 

0.40 12953636 detected 

0.20 5786695 detected 

0.10 2824572 detected 

0.05 2134208 detected 

0.0250 678151 detected 

0.0125 412463 detected 

r2 0.9963 
 

LOD 0.00259 % w/v 0.00328 % ABV 

LOQ 0.00864 % w/v 0.0109 % ABV 
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Table 5. Quantified ethanol levels in two commercial kombucha samples from the Indonesian market 

 

Replicate Sample A 

(%ABV) 

Sample B 

(%ABV) 

1 1.24 0.58 
2 1.26 0.61 
3 1.20 0.62 

Average 1.23 0.60 
SD 0.03 0.02 

 

 

 
 

Figure 4. A linear calibration curve of the peak area of ethanol vs the concentration, for the determination of LOD 

and LOQ

Implications for halal certification and consumer 

safety 

The variability in ethanol content underscores the 

need for reliable ethanol determination methods in the 

manufacture and regulation of kombucha and other 

fermented beverages. For Muslim consumers, the 

halal status of a product constitutes a fundamental 

religious consideration. Therefore, regular monitoring 

and accurate labelling are essential for supporting 

informed consumer choices and maintaining religious 

compliance [38]. 

 

From a public health perspective, it is also essential to 

label ethanol content. Even in small amounts, ethanol 

can pose risks to vulnerable populations, such as 

pregnant or breastfeeding women and infants, who 

may lack the liver enzymes necessary to metabolise 

alcohol [39]. Exposure to ethanol levels of >2% ABV 

can result in toxic effects in infants or children with 

low body weight, as well as in those with 

underdeveloped alcohol metabolism [40].  

 

A GC–MS method for detecting ethanol in kombucha 

was successfully validated in this study. The validated 

method is selective, precise, accurate, and sensitive, 

and it does not require advanced sample preparation 

or specialised equipment, making it suitable for 

routine analysis in both laboratory and production 

settings. The findings suggest that some online 

kombucha products may contain ethanol levels that 

exceed halal alcohol limits, highlighting the need for 

ongoing monitoring, proper storage, and clear 

labelling. This research contributes to a deeper 

understanding of halal verification in fermented 

products and underscores the importance of analytical 

methods in ensuring religious compliance and public 

health safety. 

 

Conclusion 

This study aimed to establish and verify a gas 

chromatography–mass spectrometry (GC–MS) 

method for detecting ethanol trace levels in kombucha 

products. This method offers a practical and 

uncomplicated analytical approach that does not 

require the use of headspace equipment. The 

technique demonstrated satisfactory levels of 

specificity, linearity, precision, accuracy, and 

sensitivity, meeting the validation requirements of the 
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Association of Official Analytical Chemists (AOAC) 

and national standards. 

 

The application of the validated method to 

commercially available kombucha products in the 

Indonesian online market revealed that the ethanol 

levels in the tested samples exceeded the halal 

thresholds set by both the Indonesian Council of 

Ulama (MUI) and the Department of Islamic 

Development Malaysia (JAKIM). Notably, one 

sample contained more than 1% ABV, whereas 

another sample exceeded the MUI limit of 0.5% ABV. 

These findings indicate that some Indonesian 

kombucha products do not consistently meet 

established halal standards, which raises concerns for 

Muslim consumers. 

 

This study found that the ethanol level of kombucha 

increases with continuous fermentation. 

Manufacturers should closely monitor production and 

clearly label their products to ensure safety. The study 

also highlights the need for simple and trustworthy 

testing methods to verify whether fermented drinks 

meet halal standards. In countries like Indonesia, 

where most people are Muslim, it is not only a matter 

of following Islamic rules but also of public trust and 

a consumer’s right to know if a product is halal. 
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