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Abstract  This study investigated coffee consumption habits of students at a health-themed university and 
evaluated the microbiological quality of campus café products. A two-phase design was employed. First, a cross-
sectional survey was conducted among 240 students to assess consumption frequency, type preferences, and 
perceptions of hygienic quality. Second, an experimental analysis was performed on six coffee types (latte, mocha, 
cold brew, caramel macchiato, iced latte, and americano), collected at 0, 45, and 90 minutes, to determine 
mesophilic bacterial and yeast counts with Gram staining of selected colonies. Survey results showed that 76.2% 
consumed Turkish coffee and 68.8% preferred latte, while 77.1% never consumed espresso. Turkish coffee was the 
most frequent choice, typically consumed once daily (22.9%) or 2-3 times daily (12.9%). Consumption habits were 
significantly associated with hygienic perceptions (p=0.037). Microbiological tests revealed rapid bacterial growth in 
mocha and cold brew, with mocha exhibiting the highest bacterial and yeast counts, whereas americano and iced 
latte showed no growth. Findings highlight increased microbial risks in milk- and sugar-containing coffees, 
emphasizing the need for hygiene controls, reduced holding times, and greater student awareness. 
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1. Introduction 

Coffee (Coffea spp.) is a tropical plant belonging to the 
Rubiaceae family, with more than 90 known species [1]. 
Among these, Coffea arabica, Coffea canephora 
(Robusta), and Coffea liberica are the most commonly 
used in production, with Coffea arabica accounting for the 
majority of global output [2]. Coffea arabica L. is 
distinguished by its shorter maturation period and plant 
morphology, whereas Coffea canephora P. (Robusta) is 
characterized by its strong root system and smaller seeds 
[1]. Throughout history, the fruits and seeds of coffee 
have been consumed in various forms, and today coffee 
ranks as the third most consumed beverage worldwide, 
following water and tea [3,4]. It is estimated that 
approximately 2-3 billion cups of coffee are consumed 
globally each day [5]. Due to its caffeine content, coffee 
enhances mental alertness, concentration, and energy, 
making it particularly popular among young adults [6,7]. 
Among students, academic stress, examination periods, 
and social contexts further contribute to its frequent 

consumption [8]. 
Coffee is vulnerable to numerous environmental and 

biological threats throughout production and consumption. 
Owing to its sensitivity to climatic conditions, it can be 
contaminated by various pathogens and pests during 
cultivation [9,10,11]. Common microbial agents include 
aflatoxins and ochratoxins [12]. The isolation of ochratoxin 
A from coffee beans and its severe toxic effects highlight a 
significant risk to coffee quality and safety [10,11,12]. 
Moreover, milk and sugar used in coffee preparation may 
also serve as potential sources of contamination. Microbial 
growth may occur during milking, pasteurization, and 
storage of milk, while spontaneous fermentation may 
develop at room temperature due to the proliferation of 
lactic acid bacteria [13]. 

Hygienic practices during preparation and service are 
therefore critical to coffee safety. Coffee types containing 
milk, sugar, and ice are particularly prone to microbial 
contamination. Previous studies have reported that 
beverages stored at low temperatures for extended periods 
(e.g., cold brew coffee) provide favorable conditions for 
mesophilic bacterial and yeast growth [14]. Similarly, 
milk-based coffee types and their serving conditions have 
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been shown to directly influence contamination risk [13]. 
In this context, determining and controlling the 
microbiological quality of new generation coffee varieties 
that have become popular and frequently consumed 
among university students is an extremely important issue 
in terms of public health. 

The aim of this study is to determine the coffee 
consumption frequency of students enrolled in a health-
themed university and to evaluate the microbiological 
quality of different coffee types offered in campus cafés. 

2. Material and Methods 

This study was conducted in two phases: the first phase 
employed a cross-sectional design, and the second phase 
was experimental. Survey data were collected from 240 
students enrolled at Biruni University in Istanbul between 
November 2024 and January 2025. Microbiological 
analyses were performed between May and June 2025 at 
the Microbiology Laboratory of the Biruni University 
Scientific Research Center (BAMER). Ethical approval 
was obtained from the Biruni University Scientific 
Research Ethics Committee (decision number: 2024-
BİAEK/08-47, dated 24.03.2025). 

2.1. Study Sample 
The study included 240 volunteer university students 

from different age and gender groups. The sample size 
was calculated using a simple random sampling method, 
and it was determined that at least 240 participants were 
required at 80% confidence level [15]. The final sample 
consisted of 240 students who provided informed consent. 

2.2. Data Collection Tool 
Survey forms developed by the researchers were 

administered to participants through face-to-face 
interviews. The survey included questions on 
sociodemographic characteristics, coffee consumption 
habits, preferred coffee types, consumption frequency, and 
perceptions of the hygienic quality of coffee. 

General Information Form: Participants were asked 
about their gender, age, body weight, height, department, 
and class level. Body mass index (BMI) was calculated as 
weight (kg) divided by the square of height (m²) and 
classified according to the World Health Organization 
(WHO) criteria [16]. 

Coffee Consumption Frequency Form: The frequency 
of coffee consumption was assessed using a 13-item form 
developed by the researchers. Participants were asked to 
indicate their consumption frequency for Turkish coffee, 
espresso, americano, latte, mocha, caramel macchiato, 
filter coffee, and other options using the categories: ≥4 
times/day, 2-3 times/day, once/day, 2-4 times/week, 
once/week, 2-3 times/month, once/month, rarely (1-4 
times/year), and never. In addition, one question evaluated 
whether participants considered the coffees sold in 
campus cafés to be hygienic and safe (“yes” or “no”). 

 

2.3. Microbiological Analysis 
A total of 18 coffee samples (six types coffee × three 

time intervals: 0-45-90 minutes) were analyzed. Six coffee 
types (latte, mocha, cold brew, iced latte, americano, and 
caramel macchiato) were purchased from a campus café 
and transported to the laboratory under aseptic conditions. 
Samples were collected at 0, 45, and 90 minutes for each 
coffee type. Ten-fold serial dilutions of all coffee samples 
(latte, mocha, and cold brew, iced latte, americano, and 
caramel macchiato) were prepared in peptone water. From 
the appropriate dilutions, 0.1 mL samples were inoculated 
onto different culture media. To determine the total 
number of mesophilic bacteria in the coffee samples, 
samples were taken from each coffee dilution, inoculated 
onto Plate Count Agar (PCA) medium and incubated at 
30 °C for 48 hours. To determine the number of yeast in 
the coffee samples, samples were taken from each coffee 
dilution, inoculated onto Sabouraud dextrose agar (SDA) 
and incubated at 30°C for 5 days. To detect Salmonella 
and Shigella bacteria in the coffee samples, samples were 
taken from each coffee dilution, inoculated onto SS agar 
and incubated at 37°C for 48 hours. For the detection of S. 
aures in coffee samples, diluted coffee samples were 
cultured on Baird Parker agar and incubated at 37°C for 
48 hours. For the detection of coliform bacteria in coffee 
samples, diluted coffee samples were cultured on Brilliant 
Green Bile Broth and incubated at 37°C for 48 hours [17]. 
Following incubation period, bacterial and yeast colonies 
was counted and selected colonies were subjected to Gram 
staining.  

2.4. Statistical Analysis 
Survey data were analyzed using SPSS version 30.0. 

Descriptive statistics (frequency and percentage 
distributions) were calculated. The chi-square (χ²) test was 
used to examine associations between categorical 
variables. The non-parametric Friedman test was applied 
to compare the frequency of consumption among different 
coffee types. The relationship between age and coffee 
consumption frequency was evaluated using Spearman’s 
rank correlation coefficient. A significance level of p<0.05 
was considered statistically significant in all analyses. 

3. Results 

3.1. Survey Findings 
A survey assessing coffee consumption frequency, coffee 

preferences, and perceptions of hygienic quality was 
administered to 240 university students. In addition, the 
microbiological quality of various coffee types obtained 
from campus cafés (latte, mocha, cold brew, caramel 
macchiato, iced latte, and americano) was evaluated. 

The findings indicated that a substantial proportion of 
students consumed coffee on a daily basis. A significant 
association was found between daily coffee consumption 
and the perception of campus coffees as hygienic  
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(p=0.037). Similarly, a significant relationship was 
observed between on-campus coffee consumption and the 
perception of hygienic quality (p<0.05). In contrast, no 
significant association was detected between gender and 
on-campus coffee consumption (p=0.959). 

When consumption frequencies were analyzed by 
coffee type, Turkish coffee was identified as the most 
frequently consumed. Among regular consumers, the most 
common consumption frequencies were once daily  
(22.9%) and 2-3 times daily (12.9%). The proportion of 
students who reported never consuming Turkish coffee 
was 23.8%, whereas higher proportions of non-consumers 
were recorded for espresso (77.1%), americano (63.3%), 
mocha (62.1%), caramel macchiato (59.2%), and filter 

coffee (55.8%). For latte, the proportion of non-consumers 
was comparatively lower at 31.3% (Table 1). The 
differences in consumption frequency among coffee types 
were statistically significant (p<0.001). Based on mean 
rank values, Turkish coffee (2.58) was the most frequently 
consumed, while espresso (5.03) was the least consumed. 
Overall, Turkish coffee and latte emerged as the most 
frequently preferred coffee types. 

According to the results of the Spearman correlation 
analysis, no statistically significant association was found 
between age and the overall patterns of coffee 
consumption (p>0.05). However, a weak but positive 
significant correlation was identified between mocha 
consumption and age (r=0.137, p=0.034). 

Table 1. Frequency of Coffee Consumption by Type 

Coffee Type 
Consumption frequency n (%) 

times/day times/week times/month   
≥4 2-3 1 2-4 1 2-3 1 Rarely Never 

Turkish coffee 5 
(2.1) 31 (12.9) 55 (22.9) 27 (11.3) 27 (11.3) 17 (7.1) 11 (4.6) 10 (4.2) 57 (23.8) 

Espresso 1 (0.4) 1 (0.4) 8 (3.3) 6 (2.5) 6 (2.5) 8 (3.3) 8 (3.3) 17 (7.1) 185 (77.1) 
Americano 1 (0.4) 6 (2.5) 27 (11.3) 12 (5.0) 5 (2.1) 10 (4.2) 11 (4.6) 16 (6.7) 152 (63.3) 

Latte 3 (1.3) 13 (5.4) 41 (17.1) 37 (15.4) 28 (11.7) 22 (9.2) 15 (6.3) 6 (2.5) 75 (31.3) 
Mocha 0 (0.0) 4 (1.7) 12 (5.0) 19 (7.9) 8 (3.3) 14 (5.8) 16 (6.7) 18 (7.5) 149 (62.1) 

Caramel 
macchiato 1 (0.4) 4 (1.7) 8 (3.3) 16 (6.7) 11 (4.6) 26 (10.8) 19 (7.9) 13 (5.4) 142 (59.2) 

Filter coffee 0 (0.0) 11 (4.6) 18 (7.5) 27 (11.3) 11 (4.6) 16 (6.7) 13 (5.4) 10 (4.2) 134 (55.8) 

Table 2. Frequency of Coffee Consumption by Type 

Coffee type 
Total mesophilic bacterial counts (cfu/mL) Total yeast counts (cells/mL) 

0 min 45 min 90 min 0 min 45 min 90 min 

Latte  
1.9x104 

 
2.5x104 

 
2.7x104 

 
- 

 
2.3x104 

 
3.8x104 

Mocha 4.5x104 
 4x104 35x104 1.8x104 0.24x104 18x104 

Cold brew 4.1x104 4.3x104 35x104 2.4x104 1.4x104 1.4x104 
Caramel macchiato 2.3x104 2.8x104 3.9x104 3.9x104 1.2x104 0.7x104 

Ice latte - - - - - - 
Americano - - - - - - 

 

3.2. Microbiological Analysis Results 
In the microbiological analysis of the coffee samples, 

the total mesophilic bacterial and yeast counts obtained at 
0, 45, and 90 minutes are presented in Table 2 as colony-
forming units per milliliter (cfu/mL). According to the 
results, both latte and mocha showed an increase in 
mesophilic bacterial and yeast counts over time, reaching 
their highest levels at 90 minutes. In cold brew coffee, the 
mesophilic bacterial count peaked at 90 minutes, while 
yeast counts were highest at 0 minutes and decreased at 45 
and 90 minutes. In caramel macchiato, the highest 
mesophilic bacterial count was detected at 90 minutes, 
whereas yeast counts were highest at 0 and 45 minutes. 
The lowest mesophilic bacterial count was observed at 0 
minutes, while the lowest yeast count was detected at 90 
minutes. In contrast, no mesophilic bacterial or yeast 
growth was observed at any time point in iced latte and 
americano samples. 

Overall, the highest mesophilic bacterial load was 
observed in mocha and cold brew at 90 minutes, while the 
lowest load was detected in latte at 0 minutes. With 

respect to yeasts, the greatest increase was observed in 
mocha at 90 minutes, whereas the lowest count was found 
in the same coffee at 45 minutes. Among the coffee types 
in which microbial growth was detected, caramel 
macchiato showed yellow and white colonies on PCA. On 
EMB, light and dark pink colonies were observed. Gram 
staining of these colonies revealed both Gram-negative 
and Gram-positive cocci. In mocha coffee, Gram staining 
performed on SS agar samples revealed Gram-negative 
bacilli. These results indicate that some coffee samples 
purchased from the supermarket may be contaminated 
with pathogenic bacteria such as salmonella, even in very 
small amounts. Increased pathogenic bacteria in 
supermarket coffee can lead to food poisoning and 
outbreaks. To prevent this, frequent microbiological 
quality monitoring of supermarket coffee is essential. 

As a result of the experiments, the highest total 
mesophilic bacterial counts were detected in mocha and 
cold brew samples. When the time-dependent changes in 
bacterial counts were examined, mocha exhibited the 
highest count at 0 minutes, cold brew showed an increase 
at 45 minutes, and by 90 minutes both mocha and cold 
brew reached their peak bacterial levels (Figure 1). 
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Figure 1. Total mesophilic bacterial loads detected in different coffee 
types 

When the total yeast counts in different coffee types 
were examined, the highest yeast count at 0 minutes was 
observed in cold brew. At 45 minutes, an increase was 
detected in latte, while at 90 minutes the highest yeast 
count was found in mocha, followed by latte (Figure 2). 

 
Figure 2. Total yeast counts detected in different coffee types 

4. Discussion 

In this study, the frequency of coffee consumption 
among students at a health-themed university was 
assessed through a survey, and microbiological analyses 
were conducted on different coffee types obtained from 
campus cafés. The survey results revealed a significant 
relationship between students’ coffee consumption habits 
and their perceptions of coffee as hygienic. The majority 
of students who consumed coffee both on campus and in 
daily life considered it hygienic, and this perception 
influenced their consumption behaviors. Furthermore, a 
weak but significant positive correlation was observed 
between mocha consumption and age, suggesting that 
with increasing age, individuals may show a greater 
tendency toward sweetened and milk-based coffees. In 
interpreting these findings, the participants’ demographic 
characteristics were also taken into consideration. 
Although no statistically significant associations were 
found between demographic variables and coffee type 

preferences, it is known from the literature that factors 
such as gender, age, and academic workload may 
influence coffee consumption behaviour. This suggests 
that demographic differences could partly explain the 
variation in consumption patterns observed in our study. 

Although Turkish coffee was the most frequently 
consumed type according to the survey results, it was not 
included among the samples selected for microbiological 
analysis. This is because both Turkish coffee and 
Americano share a similar basic composition; they are 
prepared solely with coffee and water, without the 
addition of sugar or milk-based ingredients. Therefore, 
Americano was considered representative of Turkish 
coffee in terms of microbiological characteristics. 
Microbiological analyses demonstrated the presence of 
both Gram-negative and Gram-positive bacteria in mocha 
and caramel macchiato samples, highlighting that these 
coffee types provide a favorable environment for 
microbial growth due to their milk and sugar content. The 
chocolate syrup in mocha and the caramel syrup in 
caramel macchiato may promote bacterial proliferation. In 
contrast, no bacterial or yeast growth was observed in iced 
latte and americano samples, which may be attributed to 
either the cleaning of coffee machines prior to sampling or 
the lower nutritional content of these coffees. The highest 
microbial load was detected in cold brew samples, most 
likely due to the absence of heat treatment and the 
extended brewing and storage process at low temperatures. 
Microbial growth in latte samples remained limited, 
potentially due to the absence of added sugar. 

Microbial analysis results revealed that the 
microorganism load in the coffee samples varied 
depending on both time and the composition of the 
beverage. In the Mocha sample, the number of mesophilic 
bacteria and total yeast decreased at 45 minutes and 
increased 100-fold at 90 minutes. Mocha is a coffee made 
with chocolate syrup and milk. The ingredients in this 
coffee promote the growth and spread of bacteria and 
yeasts, making it a favourite with these microorganisms. 
In a time-dependent microbiological analysis of this 
coffee, the initial decrease in bacteria and yeast counts at 
the 45-minute mark is attributed to the coffee's high 
temperature during this period. This allowed the bacteria 
to adapt to the environment. The 100-fold increase in 
bacteria and yeast counts at minute 90 is related to the 
mocha's temperature dropping to a level that is suitable for 
microbial growth.  In addition to the ideal temperature, the 
milk and sugar in the mocha provide an ideal environment 
for microorganisms to grow.  As the coffee's waiting time 
increases, bacteria and yeasts in the appropriate 
temperature use the milk and sugar in the environment and 
increase their numbers even more. As a result of our study, 
it was observed that the number of mesophilic bacteria 
increased 100 times in the 90th minute of cold brew coffee, 
while the total number of yeast decreased. Cold brew 
coffee is a type of coffee consisting solely of coffee and 
water, which doesn't provide a nutritious environment for 
microorganisms like sugar or milk. Furthermore, because 
it contains ice, it doesn't initially offer a suitable 
temperature for microorganism growth. However, as the 
coffee waits, the temperature increases due to the melting 
of the ice inside and the amount of water in the 
environment also increases. Also, the ice used in coffee 
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preparation can carry bacteria, and when added to the 
coffee, it can cause bacteria to be transferred to the coffee 
from outside. Consequently, as the coffee sits for longer, 
the ice melts, and the bacteria within the ice, coupled with 
the increased temperature, contribute to an increase in the 
number of bacteria in the coffee. The 100-fold increase in 
bacterial count at 90 minutes in microbiological analysis 
of cold brew coffee is believed to be due to the factors 
mentioned above. On the other hand, the nutritional and 
physiological requirements of yeast and bacteria differ. 
For example, yeasts have a higher sugar requirement than 
bacteria. Therefore, because cold brew coffee doesn't 
contain sugar, it may not have provided a suitable 
environment for yeast growth. 

 Another noteworthy finding was that, while microbial 
growth was detected in latte samples, no microorganisms 
were observed in the iced latte. Latte contains milk, which 
provides a nutrient-rich medium that can facilitate 
microbial proliferation. However, temperature is a critical 
determinant of microbial activity. The absence of growth 
in the iced latte is likely due to its low initial temperature, 
which is not conducive to microbial development. 
Moreover, microorganisms were detected at minute 0 in 
the hot latte, whereas no microorganisms were found in 
the iced latte at the same time point. This difference may 
be attributed to variations in coffee machine hygiene at the 
time of preparation, as the samples were collected at 
different time points. The cleanliness of the machine 
immediately prior to preparation can directly influence the 
initial microbial load in the beverage. 

Findings in the literature support the results of the 
present study. A total of 70 Dutch coffee (cold brew) 
samples obtained from retail outlets in the Gyeonggi 
region were analyzed, and aerobic bacterial or fungal 
contamination was detected in 37% of them. It was 
emphasized that long extraction times, inadequate hygiene 
practices, and cold-chain violations directly increased 
microbial load, while the low temperature and extended 
extraction process of Dutch coffee facilitated microbial 
growth and contamination risk [18]. Similarly, a study at 
Dhaka University Campus in Bangladesh revealed 
significant microbial contamination in all fruit juice and 
sherbet samples, with the detection of fecal pathogens 
such as Enterobacteriaceae, E. coli, Vibrio spp., and 
Shigella, suggesting that most campus beverages lacked 
adequate microbiological quality [17]. Another study from 
Brazil assessed microbial contamination in two coffee 
production facilities using four sampling methods: 
filtering respiratory protective devices (FRPD) worn by 
workers, settled dust, electrostatic dust cloths (EDC), and 
coffee beans. High bacterial loads were detected in FRPD 
samples, and Aspergillus species were widespread across 
all environmental samples. The study concluded that 
microbial contamination during coffee processing, 
especially at the grinding stage, poses a significant 
occupational risk, and emphasized the importance of 
multi-source sampling and the inclusion of mycotoxin 
exposure risk in assessments [19]. 

In addition, several studies have specifically 
investigated the microbiological quality of coffee 
beverages. Low levels of yeast contamination (6.8×10³ 
CFU/g) were detected in chocolate mint coffee, whereas 

aerobic mesophilic bacterial counts reached 1.2×10⁷ 
CFU/g in chocolate mint and Mediterranean espresso 
samples as well as in half of the bamboo instant Swiss 
coffee samples [20]. The microbiological evaluation of 
coffee from automatic machines revealed average 
bacterial loads of 4.19×10² CFU/mL in cappuccino 
samples at <60 °C and 6.2×10¹ CFU/mL at 60–62 °C, 
along with the presence of pathogens such as B. cereus, S. 
epidermidis, and E. coli [21]. A recent analysis of coffee 
from vending machines in Italy reported total bacterial 
counts of 3.98×10³ CFU/mL, yeast and fungal counts of 
1×10³ CFU/mL, and low levels of Enterococcus spp. in 
cappuccino samples [22]. 

These studies collectively demonstrate that differences 
in bacterial and fungal counts across beverages may be 
attributed to coffee machine hygiene, the timing of 
sampling, and the composition of the coffee itself. 
However, most existing research has investigated only one 
or two coffee types and has not evaluated microbiological 
changes over time. In contrast, the present study provides 
a broader perspective by assessing six widely consumed 
coffee types (latte, mocha, cold brew, caramel macchiato, 
iced latte, and americano) and monitoring their 
microbiological quality over three time intervals (0, 45, 
and 90 minutes). This approach offers a more 
comprehensive understanding of both coffee type–specific 
and time-dependent variations in microbial load, 
distinguishing this study from previous research. 

Taken together, these findings emphasize that 
beverages-particularly milk- and sugar-containing coffees-
carry a high risk of microbial contamination if not 
prepared and served under appropriate hygienic conditions. 
Strict adherence to good manufacturing practices (GMP), 
hazard analysis and critical control points (HACCP), and 
food safety standards is essential during preparation, 
service, and storage. Ensuring microbiological safety in 
campus cafés is not only critical for student health but also 
for broader public health protection. 

5. Conclusion 

This study demonstrated that mocha and cold brew 
coffees pose the greatest microbiological risk due to rapid 
bacterial and yeast proliferation, while americano and iced 
latte were the safest, with no microbial growth detected. 
Latte showed only limited contamination, likely due to the 
absence of added sugar. 

These results highlight the importance of applying strict 
hygiene standards in campus cafés, minimizing storage 
times for cold brew coffee, ensuring proper handling of 
milk and syrups, and implementing regular 
microbiological monitoring. Students should also be 
encouraged to consume milk- and sugar-containing 
coffees without prolonged holding times. 

In conclusion, maintaining food safety in university 
settings where coffee consumption is widespread is 
critical for protecting public health and raising awareness. 
Future studies should expand to larger sample sizes, 
multiple universities, and more detailed microbiological 
assessments. 
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