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Tea-based beverages continue to evolve in response to growing consumer demand for 
healthier, more diverse drink options. Among these products, conventional brewed tea 
and kombucha represent two categories with distinct processing methods and sensory 
characteristics. Brewed tea is generally appreciated for its familiar taste and mild flavor, 
whereas kombucha offers a more complex sensory profile due to fermentation processes 
involving organic acid production and carbonation. Understanding consumer perception 
toward these beverages is important for product development and market positioning. 
This study aimed to characterize the sensory attributes of commercial tea and kombucha 
beverages and to evaluate consumer preference using rapid sensory profiling methods. 
Six commercial beverage samples, consisting of brewed tea and kombucha products, were 
analyzed using Flash Profile and Check-All-That-Apply (CATA) methods. Flash Profile 
evaluation was conducted by semi-trained panelists, while CATA assessment involved 
consumer respondents to capture product perception and preference patterns. The results 
showed clear sensory differentiation between brewed tea and kombucha beverages. 
Brewed tea products were generally associated with sweetness, tea aroma, brown 
appearance, and lighter mouthfeel, while kombucha samples were characterized by 
sourness, fermented aroma, sparkling sensation, and lingering acidity. Consumer 
preference analysis indicated that Kombucha D was closest to the ideal product due to its 
balanced sensory profile, particularly clarity, smoothness, and sweetness, and its lower 
dominance of sharp, fermented, and acidic attributes. The combination of Flash Profile 
and CATA provided complementary information for rapid beverage evaluation and may 
serve as a practical approach for sensory-based product development in the beverage 
industry.  
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1. INTRODUCTION 

1.1. Research Background  

Tea is one of the most widely consumed beverages globally and 
has long been recognized not only for its cultural importance  
but also for its potential health benefits. The Central Bureau of 
Statistics (BPS) also reported that tea production in Indonesia 

increased to 15,339 tons in 2020 [1]. Tea is generally consumed 
in the form of brewed tea because it is simple and practical to 
prepare and can be consumed warm [2]. Brewed tea also 
maintains its characteristic taste and aroma more effectively [3].  

However, the beverage industry has experienced significant 
growth in the development of tea-based products as consumer 
preferences increasingly shift toward drinks perceived as 
healthier, more natural, and functionally beneficial in recent 
years. Kombucha has gained increasing attention as a fermented 
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functional beverage with growing market demand. Kombucha is 
made from sweetened tea using a symbiotic culture of bacteria 
and yeast known as SCOBY. The fermentation process results in 
distinctive characteristics such as a sour taste, slight carbonation, 
and various metabolites, including organic acids and bioactive 
compounds [4] [5]. In addition to its refreshing taste and various 
flavor variants, kombucha is known to have functional properties 
that are beneficial to health [6]. 

Since beverage acceptance is strongly influenced by sensory 
perception, evaluation of sensory characteristics plays an 
important role in ensuring consumer acceptance of a product  [7]. 
Consumer-based sensory evaluation methods that are widely used 
include Free Choice Profiling, Projective Mapping, Flash Profile, 
and Check-All-That-Apply (CATA) [8]. Flash Profile is a 
combination of Free Choice Profiling (FCP) and a ranking test, 
allowing each panellist to freely generate and use their own terms 
to evaluate all presented samples [9] . Meanwhile, the CATA 
method is used to identify descriptive attributes perceived by 
panellists, making it possible to determine the dominant sensory 
characteristics of each treatment [10]. 

Sensory profiling methods such as Flash Profile and CATA 
have been applied to several food products, including cream 
cheese [11], 3-in-1 instant coffee [12] and Rembiga satay [13]. 
Although Flash Profile and CATA have been widely used for 
rapid sensory profiling, studies integrating both methods to 
compare commercial brewed tea and kombucha beverages remain 
limited. Most previous studies have focused on either 
conventional tea products or kombucha separately, whereas direct 
comparison between non-fermented and fermented commercial 
tea-based beverages from both semi-trained panelist and 
consumer perspectives is still rarely reported. Therefore, this 
study addresses the gap by characterizing sensory differences and 
consumer perception of commercial tea and kombucha beverages 
using the combined Flash Profile and CATA methods. This 
combination provides added value because Flash Profile explores 
spontaneous sensory descriptors generated by panelists, while 
CATA offers structured consumer-based perception mapping, 
ideal product evaluation, and identification of sensory attributes 
related to liking. 

1.2. Literature Review 

1.2.1 Tea  

Indonesia has various types of tea, all of which are generally 
derived from young tea leaves (Camellia sinensis). Based on the 
processing method, tea is commonly classified into four main 
types namely green tea, white tea, oolong tea and black tea [14]. 
Indonesia is known as one of the largest exporters of black tea, as 
it is the most widely produced type of tea in the country. The main 
difference among these four types lies in the degree of 
fermentation or oxidation during processing. Green tea and white 
tea are processed without fermentation, oolong tea undergoes 
partial fermentation, and black tea is fully fermented [15]. 

Tea leaves (Camellia sinensis) are rich in antioxidant 
compounds and therefore have the potential to provide health 
benefits. Polyphenols are the most widely utilized chemical 
compounds in tea, while flavonoids are one of the main groups of 
compounds that exhibit antioxidant activity [16]. The dominant 
flavonoids in tea are catechins, which are known to have stronger 
antioxidant activity than many other polyphenols. The main 
catechin compounds found in tea leaves include epicatechin (EC), 

epicatechin gallate (ECG), epigallocatechin (EGC), and 
epigallocatechin gallate (EGCG), with epigallocatechin reported 
to have very strong antioxidant activity  [16]. The levels of these 
compounds may vary among different types of tea because they 
are influenced by differences in processing methods. 

 
1.2.2 Tea-Based Products  

Tea-based products have been widely developed into various 
beverage products, including directly brewed tea and fermented 
beverages such as kombucha. Brewed tea is obtained by 
extracting water-soluble components from tea leaves with hot 
water. The compounds dissolved in the infusion are strongly 
influenced by the type of tea, brewing temperature, brewing time, 
and the characteristics of the water used [17]. Brewing tea is the 
simplest and most common form of tea consumption by the public 
[18]. In brewed tea, volatile compounds play an important role in 
aroma formation, while non-volatile compounds such as 
polyphenols, catechins, and caffeine contribute more to the taste 
characteristics of the tea infusion [19]. These compounds are not 
only associated with antioxidant activity but also contribute to 
key sensory properties of tea-based beverages, particularly 
bitterness, astringency, and aftertaste perception. 

Kombucha has become increasingly popular as public 
awareness of the importance of consuming healthy foods and 
beverages continues to grow [6]. Kombucha is a fermented 
beverage made from sweetened tea using a symbiotic culture of 
bacteria and yeast, known as SCOBY. The substrates commonly 
used in kombucha production include black tea, green tea, or 
oolong tea, with sucrose added as a carbon source [20]. During 
fermentation, microorganisms in the SCOBY metabolize sugar 
into various compounds, such as acetic acid, gluconic acid, small 
amounts of ethanol, carbon dioxide, and volatile metabolites that 
contribute to flavor formation [21]. Kombucha is characterized 
by a sour taste with slight sweetness and a distinctive fermented 
aroma [22]. 

1.2.3 Flash Profile 

The Flash Profile method is a descriptive technique that allows 
panellists to identify and describe the sensory attributes of a 
product based on their own perceptions, using self-generated 
terms to evaluate and compare products [11]. This descriptive 
method is a combination of Free Choice Profiling (FCP) and a 
ranking test, in which each panellist is free to determine and use 
their own terms to assess and compare all presented samples [9]. 
This method is also flexible for various types of food products 
and convenient for panellists, making it a practical and effective 
method for sensory research and new product development [23]. 
This was also reported by [24], who used the flash profile method 
to develop the sensory characteristics of flour tortillas because 
this method enables rapid access to product descriptions and their 
distinctive attributes.  

The Flash Profile method consists of two stages. In the first 
stage, all samples are presented simultaneously to each panelist 
to be observed, smelled, and tasted. Panelists are free to describe 
the attributes they consider relevant while focusing on descriptive 
terms and avoiding hedonic terms such as liking or disliking. 
Panellists are allowed to re-taste the samples as many times as 
necessary. All generated attributes are then compiled into a global 
list, which is returned to the panellists so they can update their 
personal lists, for example by adding new terms or replacing 
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terms they consider less appropriate. In the second stage, 
panellists are asked to rank the samples according to the intensity 
of the attributes they have selected [25]. At this stage, panellists 
rank the samples according to differences in intensity by placing 
the sample codes on a line scale anchored on the left with “low 
intensity” and on the right with “high intensity.” Tied rankings 
are allowed [24]. 
 
1.2.4 Check-All-That-Apply (CATA) 

The Check-All-That-Apply (CATA) method is a fast and efficient 
approach for collecting sensory information about a product 
based on consumer perceptions. In this method, consumers are 
asked to check the sensory attributes they consider appropriate for 
the product under evaluation. This approach provides an 
overview of how consumers perceive the sensory characteristics 
of a product and helps form perception patterns that reflect their 
needs and preferences [26]. In the CATA method, panelists 
evaluate whether specific sensory attributes are detected in a 
sample based on a predetermined list of attributes [10]. 

The CATA method can also be conducted alongside hedonic 
testing to gather information on consumer preferences and 
formulate recommendations for product development. This 
indicates that hedonic testing can be performed either before or 
after the CATA test [27]. The data obtained from CATA testing 
can then be analyzed using XLSTAT 2019 software through the 
CATA Analysis tool. This analysis includes Cochran’s Q test to 
determine differences in attributes among samples, 
Correspondence Analysis (CA) and Principal Coordinate 
Analysis (PCoA) to map the relationship between samples and 
sensory attributes, and penalty analysis to examine the influence 
of attributes on consumer liking [28] 

2. MATERIALS AND METHODS 

2.1 Materials 

The commercial products used in this study were selected 
purposively to represent commonly available tea-based beverages 
in the Indonesian market. Product screening was conducted 
through modern retail outlets and online marketplace platforms. 
The selection criteria included product availability, product 
category, consumer rating, number of purchases or sales 
indication, and similarity of basic formulation within each 
category. Three black tea products and three kombucha products 
were selected to represent two major commercial tea-based 
beverage categories: non-fermented brewed tea and fermented tea 
beverages. To maintain product confidentiality, brand names 
were anonymized and coded as Tea A, Tea B, Tea C, Kombucha 
D, Kombucha E, and Kombucha F. Information on product 
composition and product category is presented in Table 1. 

2.2 Research Design 

This study applied a comparative sensory evaluation design using 
two rapid sensory profiling methods, namely Flash Profile and 
Check-All-That-Apply (CATA), to characterize commercial tea 
and kombucha beverages from both descriptive and consumer 
perspectives. Flash Profile was used to obtain rapid expert-based 
sensory discrimination, while CATA was employed to capture 
consumer perception and preference mapping. The integration of 

these two methods was intended to provide a more 
comprehensive understanding of product sensory characteristics 
and consumer acceptance. 

 
Table 1. Composition of Tea-Based Products 

Product Category Composition 
Tea A Tea bag Black Tea 
Tea B Tea bag Black Tea, Natural Identical 

Flavor of Vanilla 
Tea C Tea bag Black Tea 

Kombucha 
D 

Kombucha 
beverage 

Water, Cane Sugar, Premium 
Black Tea, Kombucha Culture 

Kombucha 
E 

Kombucha 
beverage 

Water, Sugar, Black Tea, 
Kombucha Culture 

Kombucha 
F 

Kombucha 
beverage 

Water, Sugar, Black Tea, 
Kombucha Culture 

 

2.2.1 Flash Profile (FP) Evaluation 

Flash Profile evaluation was conducted using 20 semi-trained 
panelists (10 males and 10 females) selected based on their 
interest, availability, and ability to participate in sensory 
assessment sessions. Based on the initial screening, 50 panelists 
were declared to have met the criteria (non-smokers and having 
no allergies) and showed high enthusiasm. The panelists then 
underwent further selection based on ISO 8586:2023 through a 
series of sensory tests, including a color blindness test, five basic 
taste test, aroma test, discrimination test (triangle test), and 
ranking test.  

The Flash Profile procedure was carried out in two stages 
according to [29]. In the first stage, panelists evaluated all coded 
samples simultaneously and generated objective sensory 
descriptors using non-hedonic terms. Similar or ambiguous 
descriptors were reviewed to avoid redundancy while preserving 
the attributes' original meanings. After a 10-minute break, 
panelists ranked the samples based on the intensity of each 
generated attribute using a 15 cm line scale, where the right side 
indicated higher perceived intensity. Panelists were allowed to re-
taste the samples and mark samples with similar intensity as ties 
to minimize assessment bias. Flash Profile data were analyzed 
using XLSTAT 2019 through Generalized Procrustes Analysis 
(GPA) [30]. 

2.2.2  Check-All-That-Apply (CATA) Evaluation 

Consumer sensory evaluation was conducted using the Check-
All-That-Apply (CATA) method involving 70 consumer 
panelists representing potential beverage consumers. The CATA 
test was initiated with a Focus Group Discussion (FGD) to 
develop a list of sensory attributes for the questionnaire. The FGD 
session involved 10 semi-trained panelists (5 males and 5 
females) to balance sensory perspectives based on gender. These 
semi-trained panelists were individuals who had undergone the 
selection process and participated in the Flash Profile test and 
were therefore familiar with the product characteristics. The 
CATA procedure was conducted using the approach of [27] and 
consisted of two stages. Participants were asked to evaluate all 
coded beverage samples and select sensory attributes from the 
predetermined attribute list that they considered appropriate for 
each sample (Table 2). The attribute list used in the CATA 
questionnaire was developed from FGD results, preliminary 
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sensory observations, and relevant beverage sensory literature. 
The evaluated descriptors included visual appearance, aroma, 
taste/flavour, mouthfeel, and aftertaste. 

In addition to the CATA assessment, panellists evaluated 
their overall liking of each sample using a 6-point hedonic scale, 

ranging from 1 = dislike extremely to 6 = like extremely. After 
evaluating each sample, panellists were also asked to select the 
sensory attributes that represented their ideal product profile. The 
overall liking scores and ideal attribute data were used to support 
consumer preference mapping and penalty analysis

Table 2. Attribute Terms Assessed for CATA Assessment 

Attributes Description Abbreviation 

Appearance   
Clarity Bright and clear appearance Clarity 
Yellow Yellow color resembling turmeric or gold Yellow 
Brown Reddish-brown color similar to ripe sapodilla Brown 
Murky Murky or opaque appearance Murky 
Aroma (A)   
Sweet Light sweet aroma, often associated with sugar or caramel Sweet (A) 
Tea Aroma characteristic of tea Tea (A) 
Fruity Aroma of ripe fruits Fruity (A) 
Fermented Aroma associated with fermented products or fruit fermentation Fermented (A) 
Fresh Acidic Fresh aroma with light to medium acidic notes, resembling fresh fruits (e.g., orange or apple) F. Acidic (A) 
Vanilla Soft, sweet, distinctive vanilla aroma Vanilla(A) 

Taste and Flavor (T)  
Sweetness Basic sweet taste Sweetness(T) 
Bitterness Basic bitter taste (associated with caffeine) Bitterness (T) 
Sourness Basic sour taste (associated with citric acid) Sourness (T) 
Fermented Distinctive fermented taste with a slightly acidic and sharp sensation Fermented (T) 
Astringency Drying, puckering sensation in the mouth Astringency (T) 
Citrus Fresh taste resembling citrus fruits (orange, lemon) with light and slightly sharp acidity Citrus (T) 
Herb-Like Taste reminiscent of herbal plants Herb-Like (T) 
Mouthfeel  

Watery Thin, diluted mouthfeel Watery 
Smoothness Smooth texture when swallowed, not coarse Smoothness 
Astringency Drying, puckering sensation in the mouth Astringency 
Light Light sensation, not heavy in the mouth Light 
Sparkling Carbonated sensation that gives a slight "prickly" effect on the tongue Sparkling 

Aftertaste   
Longevity Persistence of flavor after swallowing Longevity 
Bitter Bitter taste that remains at the end Bitter 
Mouth-drying Drying and tightening sensation in the mouth Mouth-drying 
Lingering Acidity Sour/acidic taste that persists in the mouth after swallowing Lingering Acidity 
Sweet Lingering Sweet taste that persists in the mouth after swallowing Sweet Lingering 

2.3 Sample preparation 

Tea bags from three different brands were placed in brewing 
glasses and brewed in boiling distilled water at approximately 
96°C for 6 minutes per sample. After brewing, the tea bags 
were lifted for 3 seconds and dipped back for 3 seconds. This 
procedure was repeated five times to ensure a uniform 
extraction process [31]. The brewed tea was then added with 
70 g of sugar per 1 L of infusion and stirred until completely 
dissolved to standardize sweetness preparation according to 
common consumer serving practices. The prepared brewed 
tea samples were cooled to room temperature before serving. 

Kombucha samples were served directly from their 
original bottles, without dilution or additional ingredients. 
Before evaluation, all kombucha samples were conditioned at 
room temperature and poured carefully to minimize 
carbonation loss. All brewed tea and kombucha samples were 
served at room temperature in 30 mL portions using 50 mL 
plastic cups labeled with random three-digit codes. Drinking 
water was provided as a palate cleanser between samples, and 

all samples were presented in randomized order during the 
sensory evaluation. 

 
2.4 Sensory Analysis 

Sensory evaluation sessions were conducted under controlled 
environmental conditions to minimize distractions and external 
sensory interference. Beverage samples were served in 
randomized order to reduce presentation bias. Each sample was 
presented at similar serving temperatures and equal volumes to 
ensure consistency during evaluation. Drinking water was 
provided as a palate cleanser between samples to reduce 
carryover effects. Panelists were instructed 
to evaluate samples independently and avoid discussion during 
the assessment process. 

 
2.5 Data Analysis 

Flash Profile data were analysed using XLSTAT 2019 software 
through Generalised Procrustes Analysis (GPA) to standardise 



T.S RAHAWARIN/ASIAN JOURNAL OF APPLIED RESEARCH FOR COMMUNITY DEVELOPMENT AND EMPOWERMENT. VOL 10 (2026), NO.2 

https://doi.org/10.29165/ajarcde.v10i2.1132  Rahawarin et al 479

the sensory ranking configurations generated by different 
panellists. The consensus configuration obtained from GPA was 
further interpreted using Principal Component Analysis (PCA) to 
visualize product discrimination and sensory attribute 
relationships [29]. CATA data were analyzed using XLSTAT 
2019 through Cochran’s Q test to determine significant 
differences in attribute selection frequency among products, 
followed by multiple pairwise comparisons using the McNemar 
test with Bonferroni correction. All statistical tests were 
performed at a 5% significance level (p < 0.05). Correspondence 
Analysis (CA) and Principal Coordinate Analysis (PCoA) were 
used to visualize the relationships among samples, sensory 
attributes, and consumer liking. Penalty analysis was performed 
to identify attributes that positively or negatively influenced 
consumer preference [27]. 
 

3. RESULT AND DISCUSSION 

3.1. Sensory profiling with the Flash Profile method 

Flash Profile analysis was used to rapidly distinguish the sensory 
characteristics of commercial brewed tea and kombucha 
beverages using semi-trained panellists' perceptions. Because 
panellists were allowed to generate their own descriptors, this 
method provided flexible sensory characterisation that reflected 
spontaneous product perception. Figure 1 presents the biplot 

generated by GPA and PCA from Flash Profile data. The 
Generalized Procrustes Analysis (GPA) results showed a clear 
separation between brewed tea beverages and kombucha samples, 
indicating substantial sensory differences between the two 
product categories. This separation suggests that fermentation in 
kombucha modified beverage sensory properties compared with 
conventional brewed tea products.  

The brewed tea samples were generally associated with 
attributes such as brown color, tea aroma, sweetness, mild 
aftertaste, and lighter mouthfeel. These characteristics are 
consistent with consumer expectations for ready-to-drink tea 
beverages, which are commonly formulated to provide familiar, 
readily accepted sensory experiences. The sweet taste detected in 
brewed tea products may be associated with added sugars or 
sweeteners commonly used to improve palatability and mask 
excessive bitterness from tea polyphenols [32]. 

In contrast, kombucha beverages were characterized by 
sourness, fermented aroma, sparkling mouthfeel, acidic aftertaste, 
and more complex flavor perception. These attributes are 
expected due to kombucha fermentation, during which microbial 
metabolism converts sugars into organic acids, carbon dioxide, 
and volatile compounds [21]. Acetic acid, gluconic acid, and 
fermentation-derived aroma compounds contribute to the 
distinctive sour and fermented sensory profile often associated 
with kombucha products [4]. 

  
(a) (b) 

 
Figure 1. Biplot of Samples Chart Using Flash Profile GPA Chart Plots of Samples : (a) GPA Biplot (b) PCA Biplot 

 
Principal Component Analysis (PCA) in Figure 1b further 

supported product discrimination by showing clear clustering 
according to beverage category. Products positioned closely on 
the sensory map shared similar sensory characteristics, whereas 
those farther apart demonstrated greater differentiation.   The 
sensory mapping indicated that kombucha products occupied a 
distinct sensory space compared with brewed tea, confirming that 
fermentation strongly influences overall product identity. These 
findings demonstrate that Flash Profile is effective for rapid 
sensory discrimination of commercial beverages, particularly 

when comparing products with clearly different processing 
backgrounds. 

Based on the attribute evaluation conducted by the panellists, 
differences were observed between the two product groups 
(Figure 1b), which were influenced by the fermentation process 
in kombucha and the basic characteristics of brewed tea. The tea 
attribute indicates that the basic character of brewed tea remained 
dominant, while bitterness was presumably related to the caffeine 
and catechin content. Compounds such as tannins, galloylated 
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catechins, caffeine, and non-galloylated catechins are known to 
contribute to the perception of astringency and bitterness in tea  
[33]. Tea C, positioned closer to the sweetness and sweet 
lingering attributes, showed a higher intensity of sweetness and 
sweet lingering than the other samples. This characteristic may be 
influenced by the addition of sugar or sweeteners in the 
formulation and supported by the natural perception of sweet 
aftertaste in tea [32]. 

The fermentation process in kombucha generally produces 
fermented (A), sour (T), and sparkling sensation. During 
fermentation, yeast breaks down sucrose into glucose and 
fructose, which are then converted into ethanol and carbon 
dioxide. Meanwhile, sugars in the tea infusion can be converted 
into organic acids, lowering pH and contributing to sourness and 
lingering acidity in the product. The sparkling sensation is formed 

due to the production of carbon dioxide during fermentation [34] 
. This is supported by [34], who reported that kombucha is 
characterized by sour taste, astringency, and sparkling sensation. 
The fermented aroma in kombucha is associated with the 
formation of volatile compounds, particularly acids, alcohols, and 
esters. In addition to sour and fermentative notes, kombucha is 
also associated with bitterness and astringency. This may be due 
to the tea-based substrate used in kombucha production, which 
contains phenolic compounds, catechins, tannins, and caffeine 
[14]. As shown in Figure 1b, the samples were clearly positioned 
differently on the graph, indicating that the panellists were able 
to differentiate between the sensory characteristics of brewed tea 
and fermented tea. 
 
. 

 
Table 3. Results of the Cochran Q Test with Multiple Paired Comparisons 

Attributes Tea A Tea B Tea C Kombucha D Kombucha E Kombucha F p-values 

Appearance 

Clarity 0.600 (b) 0.587 (b) 0.493 (ab) 0.893 (c) 0.347 (a) 0.467 (ab) 0,000 

Murky 0.213 (a) 0.173 (a) 0.360 (a) 0.147 (a) 0.667 (b) 0.667 (b) 0,000 

Yellow 0.107 (a) 0.053 (a) 0.093 (a) 0.960 (b) 0.960 (b) 0.947 (b) 0,000 

Brown 0.987 (b) 1 (b) 0.987 (b) 0.067 (a) 0.053 (a) 0.080 (a) 0,000 

Flavor 

Astringency (T) 0.280 (a) 0.307 (ab) 0.333 (abc) 0.480 (abc) 0.533 (bc) 0.600 (c) 0,000 

Herb-like (T) 0.467 (b) 0.507 (b) 0.493 (b) 0.160 (a) 0.147 (a) 0.067 (a) 0,000 

Citrus (T) 0.080 (a) 0.080 (a) 0.080 (a) 0.640 (b) 0.707 (b) 0.680 (b) 0,000 

Sweetness (T) 0.960 (c) 0.880 (c) 0.973 (c) 0.627 (b) 0.440 (ab) 0.400 (a) 0,000 

Bitterness (T) 0.240 (ab) 0.427 (b) 0.320 (ab) 0.227 (ab) 0.413 (b) 0.187 (a) 0,001 

Fermented (T) 0.027 (a) 0.040 (a) 0.053 (a) 0.840 (b) 0.933 (b) 0.933 (b) 0,000 

Sourness (T) 0.013 (a) 0.040 (a) 0.053 (a) 0.893 (b) 0.893 (b) 0.933 (b) 0,000 

Aroma 

Vanilla (A) 0.613 (d) 0.173 (bc) 0.307 (c) 0 (a) 0.027 (ab) 0.013 (a) 0,000 

Fruity (A) 0.107 (a) 0.133 (a) 0.067 (a) 0.533 (b) 0.507 (b) 0.520 (b) 0,000 

Fermented (A) 0 (a) 0 (a) 0.053 (a) 0.827 (b) 0.880 (b) 0.907 (b) 0,000 

Sweet (A) 0.787 (b) 0.680 (b) 0.720 (b) 0.173 (a) 0.173 (a) 0.080 (a) 0,000 

Tea (A) 0.933 (b) 0.960 (b) 0.973 (b) 0.267 (a) 0.173 (a) 0.213 (a) 0,000 

Fresh Acidic (A) 0.027 (a) 0.040 (a) 0.093 (a) 0.813 (b) 0.840 (b) 0.773 (b) 0,000 

Mouthfeel 

Light 0.893 (b) 0.760 (b) 0.813 (b) 0.387 (a) 0.213 (a) 0.320 (a) 0,000 

Watery 0.827 (b) 0.747 (b) 0.827 (b) 0.467 (a) 0.413 (a) 0.467 (a) 0,000 

Sparkling 0 (a) 0 (a) 0.027 (a) 0.720 (b) 0.800 (b) 0.867 (b) 0,000 

Smoothness 0.507 (bc) 0.507 (bc) 0.520 (c) 0.307 (ab) 0.147 (a) 0.160 (a) 0,000 

Aftertaste 

Astringency 0.267 (a) 0.347 (a) 0.307 (a) 0.627 (b) 0.680 (b) 0.667 (b) 0,000 
Lingering 
Acidity 0.053 (a) 0.133 (a) 0.093 (a) 0.880 (b) 0.907 (b) 0.880 (b) 0,000 

Bitter 0.253 (a) 0.307 (a) 0.307 (a) 0.173 (a) 0.333 (a) 0.187 (a) 0,061 

Longevity 0.493 (a) 0.373 (a) 0.453 (a) 0.453 (a) 0.547 (a) 0.560 (a) 0,074 

Sweet Lingering 0.853 (c) 0.787 (c) 0.800 (c) 0.280 (b) 0.080 (a) 0.213 (ab) 0,000 

Mouth Drying 0.253 (a) 0.320 (abc) 0.267 (ab) 0.507 (bc) 0.520 (c) 0.427 (abc) 0,000 

 Note: Pairwise comparisons were performed using the McNemar test with Bonferroni correction. Rows with the same letter notation 
indicate no significant difference at the 5% significance level. 
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3.2 Sensory profiling with the Check-All-That-Apply (CATA) 
method 

The CATA evaluation provided additional insight into consumer 
sensory perception by allowing respondents to identify attributes 
that best described each beverage sample. Compared with the 
Flash Profile, the CATA approach generated more structured and 
detailed sensory information because respondents selected 
attributes from a predefined list of descriptors 

The Cochran’s Q test indicated significant differences among 
samples for most sensory attributes. Based on the data in Table 3, 
the p-values indicate the significance of comparisons among 
samples for each sensory attribute. Attributes with values below 
the 5% significance level (p < 0.05) indicate that the attributes 
differ significantly among the products. 

The Cochran’s Q test showed significant differences among 
products for several sensory attributes, indicating that consumers 
were able to distinguish the sensory profiles of brewed tea and 
kombucha samples. Brewed tea products were more frequently 
associated with sweetness, sweet (A), tea (A), vanilla (A), light 
mouthfeel, watery mouthfeel, smoothness, brown, and sweet 
lingering, reflecting familiar sensory characteristics commonly 
expected in ready-to-drink tea beverages. Meanwhile, kombucha 
products were strongly associated with sourness (T), citrus (T), 
fermented (T), fresh acidic (A), fermented (A), fruity (A), 
sparkling sensation, astringency, lingering acidity, and yellow 

appearance, which are related to the fermentation process and 
contribute to the distinctive sensory profile of kombucha. 
However, bitter aftertaste and longevity did not differ 
significantly among samples, as indicated by p-values > 0.05. 
This result suggests that these two aftertaste attributes were 
perceived relatively similarly across the evaluated products. 

The differences observed between product categories indicate 
that consumer perception is strongly influenced by prior sensory  
expectations. Products that align with familiar taste preferences 
may be more readily accepted, while products with unusual or 
intense sensory characteristics may require greater consumer 
adaptation. 

Correspondence Analysis (CA) was used in the CATA test 
because it enables the visualization of attribute data for each 
sample and the ideal product in the form of preference mapping 
through a two-dimensional biplot [35]. The independence test 
showed a significant effect (p < 0.0001) on the sensory 
characteristics of the samples, indicating that each product had a 
distinctive attribute profile and differed significantly from the 
others. Based on the distribution plot, clear differences in sensory 
characteristics were observed between brewed tea products and 
fermented tea products. 

 
  
 

 
(a) (b) 

 
Figure 2. Symmetric Plot Representation of Sample Sensory Profile using CATA : (a) Biplot CA (b) Biplot PCoA      

 
The graph in Figure 2a shows that Kombucha D was the 

product closest to the panelists’ ideal product perception, as it was 
positioned near the “ideal” point and was supported by preferred 
attributes such as clarity, smoothness, and sweetness (T). The 
closer position of Kombucha D to the ideal product indicates that 
consumer acceptance of kombucha was influenced by a balanced 
sensory profile. Although sourness (T), fermented (A), fermented 
(T), sparkling, and lingering acidity are typical characteristics of 
kombucha, excessive intensity of these attributes may reduce 
consumer acceptance among those more familiar with 

conventional tea beverages. Kombucha D was more aligned with 
the ideal product profile because it was associated with clarity, 
smoothness, sweetness (T), and less-dominant sharp, fermented, 
and sour attributes. These findings suggest that commercial 
kombucha development should focus on balancing sweetness (T), 
sourness (T), sparkling sensation, and mouthfeel attributes to 
improve consumer acceptance. Reducing excessive sourness (T), 
Murky appearance, astringency, mouth-drying, and lingering 
acidity may help kombucha products become more acceptable to 
conventional tea consumers while maintaining their fermented 
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and functional identity. Meanwhile, Tea A, Tea B, and Tea C 
were more strongly characterized by brown color, vanilla aroma, 
sweet aroma, sweetness, bitterness, and herb-like notes. In 
contrast, Kombucha E and Kombucha F were positioned farther 
from the ideal point due to the dominance of sharp attributes, such 
as fermented, sourness, fresh acidity, mouth-drying, and 
sparkling. In addition, murky appearance was identified as a 
negative attribute because it was less preferred by the panelists. 

Principal Coordinate Analysis (PCoA) was used to map the 
relationship between sample attributes and the overall liking 
scores given by the panelists. The closeness between the attribute 
points and the “liking” point on the plot indicates the attributes 
most preferred by the panelists. Based on the PCoA graph (Figure 
2b), the attributes brown color, sweetness (T), sweet lingering, 
vanilla, tea aroma (A), light, and smoothness were located in the 
right quadrant (positive F1), indicating that they were the main 
determinants of panelists’ liking. This position suggests a positive 
correlation with the sensory perception of the products. 
Sweetness (T) and sweet lingering were preferred because they 
can help mask and balance off-flavors [36]. The combination of  

vanilla and tea aromas forms a balanced sensory profile, 
while tea aroma is formed through fatty acid oxidation and 

glycoside hydrolysis, resulting in a refreshing character [37]. 
Meanwhile, light and smooth textures create a clean and mild 
sensation in the mouth [38]. 

Meanwhile, attributes located far from the “liking” point 
indicated a negative correlation with panelists’ perceptions. 
These attributes were positioned in the left quadrant (negative 
F1), including astringency, sourness, fermented, fresh acidic, 
mouth drying, and bitter, and were identified as attributes that 
tended to be less preferred. Bitterness, astringency, and mouth 
drying in brewed tea and fermented tea products may be caused  
by the presence of catechins and caffeine, which can create dry 
and rough sensations in the mouth [20]. The fermented attribute 
was associated with a high concentration of acetic acid, while 
sourness and fresh acidic notes were produced by the combination 
of organic acids, such as acetic, gluconic, and glucuronic acids, 
resulting from microbial metabolism during fermentation [39]. 
This finding was also supported by research [21], who reported 
that fermented tea products with high sourness and strong aroma 
had lower acceptance levels. 

 

 

 
Figure 3. Mean drop in overall liking as a function of the percentage 

 
Table 4. Penalty Analysis Attributes 
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Penalty Analysis was used to evaluate the decrease in 

preference caused by deviations between the sensory profile of 
the samples and the ideal product based on panelists’ perceptions 
[27]. The attributes were categorized into five groups: must have, 
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nice to have, does not influence, does not harm, and must not 
have. Must-have attributes were determined based on the 
P(No)|(Yes), i.e. which refers to characteristics that were not 
found in the actual product but were highly desired in the ideal 
product, as well as the P(Yes)|(Yes) condition, in which the 
attributes were already present and should be maintained 
[10][35].  

The results shown in Figure 3 indicate that clarity, brown 
color, sweetness (T), sweet aroma (A), tea aroma (A), light 
mouthfeel, and sweet lingering had positive mean drops and were 
classified as must-have attributes. Clarity and brown color were 
important visual attributes because they provided the first 
impression of the quality of the tea infusion. Sweetness (T) and 
sweet aroma (A) played a role in balancing or masking the bitter 
taste that commonly appears in tea [36]. Tea aroma contributed 
to flavor perception, as olfactory stimulation is closely related to 
the sense of taste and can influence panelists’ taste expectations 
[40]. Meanwhile, a light mouthfeel provided a refreshing 
sensation and made the product easier to consume. Sweet 
lingering also contributed to satisfaction and helped increase 
panelists’ preference [40].  

The P(Yes)|(No) condition identifies must-not-have 
attributes, which are characteristics found in the actual product 
but not desired in the ideal profile [41]. As shown in Figure 3, 
attributes such as murky appearance, astringency, and mouth-
drying decreased panellists’ liking scores, as indicated by their 
negative mean drop values. The presence of astringent aftertaste 
and mouth-drying sensation may be associated with excessively 
high levels of polyphenolic compounds, such as catechins and 
alkaloids, which can create dry and puckering sensations in the 
mouth [42] [43]. Meanwhile, murky appearance may create the 
perception of low tea infusion quality and is often associated with 
the dissolution or suspension of water-insoluble compounds. A 
summary of the attribute classification is presented in Table 4. 
 
3.4. Comparison Between Flash Profile and CATA Methods 
The sensory evaluation conducted using Flash Profile and Check-
All-That-Apply (CATA) yielded relatively similar product-
mapping patterns, particularly in distinguishing brewed tea 
products from kombucha beverages. However, several sensory 
attributes were identified more clearly through the CATA method 
than through Flash Profile. The additional attributes identified 
through the Focus Group Discussion (FGD) and used in the 
CATA questionnaire included murky appearance, clarity, watery 
mouthfeel, smoothness, light mouthfeel, vanilla aroma (A), sweet 
aroma (A), herb-like taste (T), citrus taste (T), fruity aroma (A), 
fresh acidic aroma (A), mouth drying, lingering acidity, and sweet 
lingering. 

These differences occurred because the attributes generated 
by the Flash Profile method were more limited. Panelists were 
asked to freely describe sensory attributes based on their own 
perceptions of the samples being evaluated [13]. Therefore, the 
attributes that emerged depended strongly on the panelists’ ability 
to express their sensory impressions during the test. The freedom 
to describe the products may have caused panelists to provide less 
specific sensory terms. In contrast, the Check-All-That-Apply 
(CATA) method produced more numerous and detailed attributes 
because a predetermined list of attributes was provided [32]. 
These attributes were obtained through the Focus Group 
Discussion (FGD), so panelists only needed to select the 
attributes they considered appropriate for each sample. This 

condition made it easier for panelists to recognize and confirm the 
presence of certain attributes, including attributes that may not 
have appeared in the Flash Profile method. 

This finding is in line with the study by [12] on 3-in-1 instant 
coffee products, which used the Flash Profile and CATA methods 
to determine the products' sensory profiles. In that study, Flash 
Profile served to explore sensory attributes based on the panelists’ 
free perceptions, while CATA served to confirm the sensory 
attributes that had been developed through FGD. the study by [12] 
reported that both methods could be used to generate sensory 
attribute profiles and product mapping of 3-in-1 instant coffee. 
Overall, Flash Profile and CATA complemented each other in 
sensory profiling. Flash Profile was useful for exploring initial 
sensory attributes and understanding how semi-trained panelists 
differentiated the products, while CATA was more effective for 
confirming agreed sensory attributes, mapping consumer 
perception, identifying ideal product characteristics, and 
determining attributes related to liking. 

4. CONCLUSION 

This study demonstrated that brewed tea and kombucha 
beverages had distinct sensory characteristics that influenced 
consumer perception and preference. Brewed tea samples were 
associated with sweetness (T), tea (A), brown appearance, light 
mouthfeel, and sweet lingering, whereas kombucha beverages 
were characterized by sourness (T), fermented (A), fermented 
(T), sparkling sensation, and lingering acidity. Consumer 
preference mapping indicated that Kombucha D was closest to 
the ideal product due to its more balanced sensory profile. The 
main sensory drivers of liking were sweetness (T), tea (A), clarity, 
smoothness, light mouthfeel, and sweet lingering, while 
excessive sourness (T), fermented, murky, astringency, mouth-
drying, and intense lingering acidity tended to reduce consumer 
acceptance. These findings suggest that sweetness, acidity, 
carbonation, clarity, and mouthfeel should be optimized to 
develop kombucha beverages that are more acceptable to 
conventional tea consumers while maintaining their fermented 
characteristics. 
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