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Abstract
This research aimed to examine the dual effects of Coffea arabica on the cell division of Allium cepa 
and its antibacterial properties. This was achieved by utilizing the A. cepa bioassay to study mitosis and 
measuring optimal density, as well as using the agar well diffusion method to evaluate the antibacterial 
effect against Pseudomonas aeruginosa, Staphylococcus aureus, and Bacillus subtilis. To study the 
impact of Coffea arabica on mitosis, root tips of Allium cepa were exposed to three different levels 
of coffee (1.5, 5.5, and 10.5 g/100 ml). The frequency of chromosomal aberrations (CA) and mitotic 
index (MI) were observed under a microscope. For the antibacterial effect, the coffee extracts were 
tested against P. aeruginosa, S. aureus, and B. subtilis using two methods. First, the optimal density of 
bacterial growth was measured for three different coffee levels (3, 12.5, 20 mg/ml). Second, the agar 
well diffusion method was used to evaluate the size of the inhibition zones around the wells containing 
the coffee extract. The results revealed that Coffea arabica at levels of 10.5 g/100 ml and 5.5 g/100 ml 
significantly affected mitosis in A. cepa root cells, leading to an increase in CA, such as multinucleated 
cells, chromosomal stickiness, and chromosomal bridges. The MI was also noticeably elevated at these 
levels. Regarding antibacterial activity, P. aeruginosa was found to be the most susceptible to coffee at 
12.5 mg/ml, as indicated by the optical density measurement. The agar well diffusion method showed 
that S. aureus exhibited the largest inhibition zone (1.9 cm) at 20 mg/ml. This research highlights the 
dual impact of Coffea arabica on both chromosomal stability and bacterial growth. The coffee extract 
demonstrated a clear effect on mitosis, causing CA and surged MI in A. cepa root cells. Additionally, 
coffee exhibited antibacterial properties, particularly against P. aeruginosa and S. aureus. These findings 
suggest that while coffee has beneficial antimicrobial effects, its impact on cellular processes, such as 
chromosomal integrity, should also be considered in future studies.
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INTRODUCTION 

 Coffee is the second most prevalent brew 
after water, with over 1.6 billion cups consumed 
every day around the world. The consumption 
of coffee has been a longstanding habit to keep 
awake and alert. Coffee contains many mixes, 
predominantly caffeine (1,3,7-trimethylxanthine 
C8H10N4O2). It is a naturally emotive stimulant 
that is found in over 60 plants, primarily coffee, 
tea, and cacao plants. Caffeine is generally found 
in a large number of plants, especially in the 
leaves, seeds, and fruits. Over recent decades, 
caffeine and other energy-enhancing amalgams 
have gained widespread popularity with the rise 
of energy drinks, pre-workout supplements, and 
innovative coffee products. Caffeine stands out 
for its versatile use in various pharmacological 
formulations, including pain relievers, dietary aids, 
and treatments for flu symptoms.1

 After ingestion, approximately 99% of 
caffeine is absorbed in the gut and distributed 
to various organs and tissues, where it elicits 
a range of physiological effects. These effects 
depend on factors such as the dose consumed, 
individual tolerance, and overall physical health. 
Caffeine has been revealed to boost energy 
levels, influence mood, and disrupt sleep 
patterns. However, excessive intake is associated 
with adverse outcomes like arrhythmias and 
hypertension. Research on calcium regulation 
suggests that caffeine may slightly reduce calcium 
balance in individuals with inadequate calcium 
intake, although this effect can be fully offset by 
consuming 1-2 tablespoons of milk. For healthy 
individuals, moderate caffeine consumption is 
generally considered safe and free of adverse 
side effects. Potential issues such as chromosomal 
abnormalities, restlessness, nervousness, nausea, 
and surged heart rate can often be avoided by 
limiting high caffeine levels and maintaining 
moderate consumption levels.2

 A recent study conducted at McMaster 
University in Canada has revealed that certain 
proteins in the human body interact with caffeine in 
coffee, helping the liver lower levels of low-density 
lipoprotein (LDL) or ‘bad’ cholesterol. Elevated 
LDL cholesterol levels are linked to a surged risk 
of cardiovascular disease. The researchers found 

that regular caffeine consumption is associated 
with reduced levels of a protein called Proprotein 
convertase subtilisin/kexin type 9 (PCSK9) in the 
bloodstream. Lower PCSK9 levels enhance the 
liver’s ability to eliminate excess LDL cholesterol. 
Additionally, the study showed that caffeine 
and its derivatives can inhibit the activation 
of Sterol Regulatory Element-Binding Protein 
(SREBP2), which in turn reduces PCSK9 levels. 
In summary, the findings suggest that caffeine 
and its derivatives may help lower PCSK9 levels 
in the blood, potentially decreasing the risk of 
cardiovascular disease.3

 It has been established that caffeine 
causes chromosomal abnormalities in actively 
dividing cells, particularly during prophase 
and G2 (the second growth of interphase). 
Abnormalities appear in response to several 
biological genetic interactions within the human 
body. Abnormalities or abnormal chromosomes 
occur mostly as a result of an error during cell 
division, either during mitosis (error during the 
division of somatic cells) or meiosis (error during 
the division of sex cells). The MI is the percentage 
of cells undergoing mitosis at any particular time. 
A reduction or increase in MI is an excellent 
indicator of the presence of clastogenic material, 
which are substances that cause breaks in 
chromosomes, resulting in the addition, deletion, 
or rearrangement of chromosomal regions.4-7

 The All ium cepa  test  al lows the 
investigation of various genetic endpoints. CA 
can be classified by alterations in chromosome 
number or structure. The numeric CAs are a result 
of anomalous chromosome segregation, whereas 
structural chromosomal changes may arise from 
numerous factors, for instance, inhibition of 
DNA synthesis, DNA breaks, and replication of 
altered DNA. For the assessment of chromosomal 
abnormalities, various forms of CAs are observed 
at different stages of mitosis.
 The extensive use of antibiotics to combat 
bacterial infections has led to the expansion of 
resistance in many bacteria against commonly 
used antibiotics. As a result, there is an urgent 
need to discover new antibiotics that bacteria 
are less likely to resist. Recently, the potential of 
plant-derived products as antimicrobial agents has 
garnered attention, especially considering that 
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most antibiotics have historically been sourced 
from fungi or bacteria. Accompanying the increase 
in resistance, along with the awareness of the 
limitation of the actual lifespan of any antibiotic, 
novel sources, particularly plant-based derivatives, 
are feeling intensive research. Some studies have 
verified antimicrobial action by several natural 
complexes, including coffee. In addition to being 
a popular beverage known for its stimulating and 
refreshing effects, coffee is increasingly being 
recognized for its potential health benefits. 
Among its various health benefits, coffee has 
demonstrated antimicrobial activity, exhibiting 
distinct effects against several bacterial genera 
due to mixtures such as caffeine. Studies have 
publicized significant variations in the antibacterial 
activity of coffee depending on its level.
 Namboodiripad and Kori are pragmatic 
that persons who drank coffee daily without sugar 
or milk had a discount in dental caries related 
to those who did not follow the same habit, 
highlighting coffee’s antimicrobial properties. 
Additionally, caffeine has been reported to possess 
antimicrobial activity against certain bacteria. 
Caffeine in coffee is toxic to many microorganisms, 
although some microorganisms can degrade 
caffeine and use it as a nutrient source to promote 
growth. A study at the University of Karbala 
tested the effects of caffeine and antibiotics 
on bacteria and found that caffeine was more 
effective than the standard antibiotic ampicillin 
against Streptococcus aureus and Enterobacter 
aerogenes. Caffeine-degrading bacteria include 
strains belonging to Pseudomonas, Serratia, 
Klebsiella, and Alcaligenes. Additional research 
suggested that the bacteria Pseudomonas putida 
can use caffeine as a carbon source. Caffeine is 
serene of carbon, hydrogen, nitrogen, and oxygen, 
all of which are essential for bacterial growth. It 
also has higher growth rates upon exposure to 
elevated caffeine levels. Antimicrobial agents are 
generally accepted as the most operative means 
of fighting infectious diseases. Antimicrobial drugs 
given systemically have been identified as a major 
cause of surge resistance of microbes to the same 
drugs. They are linked with the progress of an 
unbalanced intestinal microbiome. Recent studies 
have publicized that natural substances that exert 
antibacterial effects against specific pathogens, 
including coffee, could potentially play a significant 

role in the medical field by allowing the expansion 
of new treatments for diseases, including oral 
pathologies. 
 Based on the above problem statement, 
the following objectives are set to investigate the 
possibility of using coffee extract on Allium cepa 
roots and its efficiency as a defense mechanism 
against bacterial infections, to compare the 
different levels of the tested beverage containing 
caffeine such as Turkish coffee, on cell division 
and to study the following: antibacterial activity 
of coffee, bacterial strains of interest, MI, and 
chromosomal abnormalities (CAs).

MATERIALS AND METHODS

The Effect of Coffee on Onion Roots
Treatment
 To study the effect of coffee on onion 
root tips, four Allium cepa bulbs were selected 
and grown in distilled water at room temperature 
until the roots stretched a length of about 2-3 
cm. Three of the four onion bulbs were moved 
to coffee for 24 hours, while the fourth remained 
in distilled water as a control.8 This experimental 
design aimed to observe the impact of coffee on 
cell division and chromosomal abnormalities in 
the root tips. The Allium cepa test is commonly 
used to assess the genotoxicity of substances, as it 
provides a reliable model for studying MI and CA.9 
Additionally, previous studies have demonstrated 
that coffee’s bioactive mixtures, particularly 
caffeine, can influence cellular processes such as 
DNA replication and mitosis.10

Preparation of different levels
 Turkish coffee was chosen because it 
is the dominant type of caffeine consumed in 
the Middle East. The three different levels (1.5, 
5.5, 10.5 g/100 ml) were selected based on the 
questionnaire results. This was based on the 
number of teaspoons used in preparing coffee 
among the general public, with one teaspoon 
estimated at 2.5-3 g, one and a half teaspoons at 
3.75-4.5 g, and two teaspoons at 5-6 g. It has been 
revealed that two teaspoons of coffee (5-6 g) is the 
average amount of consumption for the majority 
of participants.11 For this reason, the standard level 
for this research was set at 5.5 g/100 ml, and the 
two other levels were selected to be lower (1.5 
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g/100 ml) and higher (10.5 g/100 ml) than the 
standard level.12

Slide preparation
 The terminal areas of the evolving roots 
were fixed in a freshly prepared mixture of 3 ml 
of ethyl alcohol and 1 ml of glacial acetic acid for 
24 hours. The next step is hydrolysis, in which the 
roots are treated with 1 N hydrochloric acid at  
60 °C for 10 minutes using the LabTech Analog water 
bath. This process helps break the protoplasmic 
bonds and softens the cell walls, facilitating the 
squashing of these roots and the spreading of 
plant tissue. Once hydrolysis is complete, the roots 
are rinsed thrice in distilled water. Moreover, the 
roots are kept in leucobasic fuchsin dye (Fuchsin-
Feulgen) for 30 minutes. After this, the roots are 
transferred to a microscopic slide with a drop of 
acetic acid and squashed using a needle under 
a cover slip. Finally, the prepared slides were 
observed under the Olympus light microscope at a 
magnification of 40X. For this study, one cytological 
slide was prepared for each treatment, and in each 
slide, microscopic fields were examined.13

Effect of coffee on bacterial growth
Bacterial isolates
 To study the effect of coffee on three 
bacterial isolates, one Gram-negative (P. 
aeruginosa) and two Gram-positive (B. subtilis 
and S. aureus) isolates were obtained from King 
Fahad Hospital Laboratory. 

McFarland standards
 McFarland standards are widely used in 
microbiology to standardize bacterial suspensions 
for various microbial tests, ensuring consistency 
in the results.14 These standards are designed 
to adjust the turbidity of bacterial suspensions, 
making sure the number of bacteria in the 
suspension falls within a specific range typically 
used for antimicrobial susceptibility testing.15 
The original McFarland standards were created 
by mixing a specific level of BaCl2 and H2SO4, 
which forms a barium sulfate precipitate that is 
used to regulate the turbidity level.16 To create 
the desired turbidity, a bacterial suspension 
is prepared and associated visually with the 
McFarland standard, which serves as a reference.17 
The comparison is typically done by matching the 

turbidity of the bacterial suspension with that of 
a McFarland standard. If the bacterial suspension 
is too concentrated (turbid), it can be diluted 
with a sterile diluent, such as saline or nutrient 
broth, until the desired turbidity is achieved. 
Conversely, if the suspension is too clear and lacks 
the necessary turbidity, additional bacteria can be 
added to increase the level. This method ensures 
that the bacterial level is consistent for accurate 
testing, particularly in antimicrobial susceptibility 
tests, where the outcome depends on the bacterial 
load.18

Spectrophotometer (APEL) and turbidity 
measurement
 The spectrophotometric method is a 
technique used to estimate the total biomass 
of both alive and dead cells.19 This technique is 
based on the turbidity of bacterial populations by 
devious turbidity or optical density (OD), which 
represents the cloudiness of a suspension of a 
broth culture.20 To use the spectrophotometer, a 
blank sample is placed in a cuvette.21 To set the 
turbidity measurement at the correct wavelength, 
the spectrophotometer is zeroed.22 The clear side 
of the cuvette should be placed facing the path 
of the light source to take a reading.23 The lid 
should be closed, and the button (named as 0%T) 
should be pressed until it shows 0.24 The blank is 
replaced with a new sample to measure and record 
the absorbance reading.25 Turbidity is commonly 
quantified in Nephelometric Turbidity Units (NTU), 
which measure the amount of light scattered by 
particles in a liquid sample.26 The nephelometric 
method involves comparing the scattering of 
light in the sample to that of a reference solution, 
typically a standard with a known turbidity. This 
method allows for the precise determination of 
the particle level, such as bacterial cells, within 
the suspension. In this study, two bacterial isolates, 
P. aeruginosa and B. subtilis, were selected and 
labeled for analysis. These isolates were subjected 
to turbidity measurements to standardize their 
level for further experimentation. The turbidity 
of the bacterial suspensions was adjusted using 
the McFarland standards to ensure accurate 
and consistent microbial testing, facilitating the 
assessment of their behavior in various conditions 
or reactions.27 The bacterial samples were 
inoculated into 25-30 ml of nutrient broth flasks, 
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and the bacterial suspension was well mixed.28 
Then, 3, 12.5, and 20 mg/ml of coffee solution 
were added, respectively, with no coffee extract 
added to the control. The three levels (3, 12.5, 
and 20 mg/ml) were named low, standard, and 
high, respectively.29 The flasks were incubated at 
37 °C for 3 hours, and a reading was taken every 
30 minutes to stimulate bacterial growth colonies, 
using the spectrophotometer (OD) to measure 
optical density.30

Bacterial suspension
 Trace smears of bacterial colonies were 
taken and placed in cuvettes filled with 500 ml 
of nutrient broth.31 Smears were taken from two 
different types of bacterial colonies, P. aeruginosa 
and B. subtilis.32 The bacteria and nutrient broth 
must be mixed well. McFarland Standard 0.5 was 
used to compare the turbidity with the mixture. If 
the suspension is too light, more bacteria should 

be added, and if it is too dense, it should be diluted 
with nutrient broth.33

Agar well method
 In this experiment, 25 ml of sterile nutrient 
broth was added to 100 ml Erlenmeyer flasks, 
which were then inoculated with the selected 
pure bacterial isolates.34 The flasks were incubated 
at 37 °C for 24 hours. Following incubation, 100 
µl of the overnight culture, equivalent to a 0.5 
McFarland suspension, was transferred into Petri 
dishes. To each Petri dish, 25 ml of warm nutrient 
agar (45-55 °C) was poured and gently mixed with 
the bacterial suspension. The plates were then left 
to solidify, creating “seed plates”. Using a sterile 
cork borer or a sterile tube, holes approximately 
8 mm in diameter were made in the solidified 
agar of the seed plates. Into each hole, 100-250 µl 
of one of the three different coffee extracts was 
transferred under aseptic conditions. To allow for 

Table 1. The MI in root tip cells of Allium cepa L. induced by coffee

Different Levels of Coffee Control Low Standard High
 (No Coffee) (1.5 g/100 ml) (5.5 g/100 ml) (10.5 g/100 ml)

MI in the 1st Replicate (%) 4.37 2.91 3.95 5.60
MI in the 2nd Replicate (%) 4.10 3.57 4.14 6.94
MI in the 3rd Replicate (%) 4.57 3.91 2.44 5.18
Mean ± SD 4.35 ± 0.24 3.47 ± 0.51 3.51 ± 0.93 5.91 ± 0.92

Figure 1. Gender, Age, Academic Achievement, and Awareness of Caffeine Content of Consumers
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proper diffusion of the coffee extracts, the plates 
were refrigerated for 2 hours before incubation. 
Afterward, the plates were incubated at 37 °C for 
24 hours.35 Following incubation, the plates were 
examined for antimicrobial activity (Table 1). The 
presence of clear inhibition zones around the 
wells, where bacterial growth was prevented, was 
noted as evidence of antimicrobial activity. The size 
of the inhibition zones was measured with a ruler 
using a centimeter scale.

RESULTS

 The results showed the measurement 
of the differences in MI and chromosomal 
aberration (CA) for the root tips experiment. The 

effect on bacterial growth was resolute by using 
spectrophotometer analysis to measure the 
turbidity and agar well technique.

Questionnaire results
 The questionnaire was distributed to 
254 people. Approximately 82.7% of them were 
female, and 18.3% were male. The rate of coffee 
consumption between the ages of 15-25 was 
higher than that associated with the age of 36-45 
in Arab societies. Since the ages of most coffee 
consumers are between 15 and 25, university 
students are the first coffee consumers. As the 
consumption of coffee surged, people became 
more aware that different percent of caffeine 
may affect health with different percent. 68.5% of 

Table 2. ANOVA for Mitotic Index 

Source of Degree of A sum of Mean of P-value
Variation Freedom Squares squares 
 (Df) (SS) (MS)

Between Groups 3.00 11.70 3.90 0.01
Within Groups 8.00 4.06 0.51
Total 11.00 15.76

Figure 2. Daily consumption of caffeinated beverages: Analyzing the prevalence and effects of caffeine in hot drinks, 
iced teas, soft drinks, and other popular choices
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Table 3. Tukey Test Analysis of Mitotic Index Between 
the Four Different Groups (Control, Low, Standard, 
High)

Treatment pairs Tukey HSD Tukey HSD
 P-value  inference

Control Vs Low 0.47 Insignificant
Control Vs Standard 0.51 Insignificant
Control Vs High 0.10 Insignificant
Low Vs Control 0.89 Insignificant
Low Vs High 0.01 P < 0.05
Standard Vs High 0.01 P < 0.05

Figure 3. Normal Dividing Cells: (A) Normal interphase cell, (B) Normal Prophase cell, (C) Normal metaphase cell, 
(D) Normal anaphase cell, (E) Normal Telophase cell

Figure 4. The Average MI at Different Coffee Levels

people notice the difference in these percent while 
shopping, and only 31.5% do not notice (Figure 1).
 The results showed that the dominant 
type of caffeine consumption was hot Turkish 
coffee, with 60.2% consuming caffeine drinks. 
Followed by Saudi coffee at 49%. After that, energy 
drinks, pre-workouts, tea, and soft drinks came in 
a small % linked to coffee and 10.2% of those who 
never consume caffeine (Figure 2).

The effect of coffee on onion roots
 One cytological slide was prepared for 
each treatment and in each slide microscopic fields 
were used for microscopic analysis of onion root 
tips treated with three different levels of coffee 
{low (1.5 g/100 ml), standard (5.5 g/100 ml) and 
high (10.5 g/100 ml)} in addition to a control group, 
the MI and the frequency of CA were designed 
using Microsoft Excel (Eq. 1 and 2; Table 2 & Table 
3 and Figure 3).

Frequency of CA =              × 100        ...1
Number of aberrant cell

Total number of cells counted

Mitotic Index (MI) =             × 100        ...2
Number of dividing cells (n)

Total number of cells 
counted (N)

 The results indicate that most CA 
observed were stickiness, bridge, multinucleated, 
multipolar anaphase, disturbed metaphase, 
disturbed prophase, and disturbed anaphase 
(Figure 4 and 5).
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 An insignificant decrease in MI was 
observed in meristem cells at low and standard 
levels when related to the control group. However, 
the MI surged at a high level when related to 
the control group. Furthermore, there was a 
noticeable, gradual increase in the CA value with 
increasing coffee levels.
 When Allium cepa roots were treated 
with three different levels of coffee (low, standard, 
and high) the chromosomal deviations were 0.40 
± 0.25, 0.52 ± 0.25, and 1.52 ± 0.19, respectively 
as related to the control group, which was 0.19 ± 
0.17. It was clear that the rate of abnormal cell 
division surged upon increasing the level of coffee. 
On the other hand, the MI at the lower level of 

coffee treatment was found to be 3.47 ± 0.51, 
while in the standard level, it was 3.51 ± 0.93 and 
5.91 ± 0.92 in the high level. However, it was 4.35 
± 0.24 in the control group.
 This experiment was replicated three 
times. Based on the statistical analysis using 
ANOVA and Tukey test analysis by Microsoft 
Excel. We observed that there were statistically 
significant differences (P < 0.05) in MI between 
(low and high) and (standard and high) levels.  
ANOVA result shows no significant differences in 
MI between the other treatments. The results of 
Tukey pairwise analysis for CA which show highly 
significant differences in CAs between the high 
level and all the other levels (Table 4, 5, 6 and 7).

Table 4. Chromosomal abnormalities induced by coffee in root tip cells of Allium Cepa L.

Different Levels Control Low Standard High
of Coffee (No Coffee) (1.5 g/100 ml) (5.5 g/100 ml) (10.5 g/100 ml)

CA in the 1st Replicate 0.00% 0.55% 0.81% 1.54%
CA in the 2nd Replicate 0.31% 0.11% 0.42% 1.69%
CA in the 3rd Replicate 0.27% 0.53% 0.34% 1.32%
Mean ± SD 0.19 ± 0.17 0.40 ± 0.25 0.52 ± 0.25 1.52 ± 0.19

Figure 5. The Average CA at Different Coffee Levels

Table 5. One-Way Analysis of Variance (ANOVA) For CA

Source of Degree of Sum of Mean of P-value
Variation Freedom (Df) Squares (SS) Squares (MS) 

Between Groups 3 3.13 1.04 0.00
Within Groups 8 0.38 0.05
Total 11 3.51
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Figure 6. The growth rate of P. aeruginosa. The x-axis measures the time, and the y-axis measures the growth rate 
with absorbance. The blue curve is the control group, the orange is 3 mg/ml coffee, the grey is 12.5 mg/ml, and 
the yellow is 20 mg/ml.

Figure 7.   The growth rate of bacteria B. subtilis. The x-axis measures the time, and the y-axis measures the growth 
rate with absorbance. The blue curve is the control group, the orange is 3 mg/ml coffee, the grey is 12.5 mg/ml, 
and the yellow is 20 mg/ml

Spectrophotometer analysis
 Figure 6 illustrates the greatest decline 
in the growth of P. aeruginosa when coffee was at 
the standard level (12.5 mg/ml) during all 3 hours 
of incubation. In addition, the inhibitory effect of 
coffee was also observed in the lowest level (3 mg/
ml). However, the high level of coffee (20 mg/ml) 
may accelerate the growth rate of bacteria linked 
to the control. Generally, the low level of coffee 
extract indicates its inhibitory effect.
 B. subtilis had the fastest growth rate 
when coffee at a high level (20 mg/ml) was added 

to its media, which indicates its resistance to 
coffee. The following levels were the standard 
level (12.5 mg/ml) and then the control group, 
respectively. While the lowest level of coffee (3 
mg/ml) experienced a slower growth rate than all 
of the other groups (Figure 7).

Antibacterial activity
 Another technique was used to govern 
the effect of the antibacterial activity of coffee 
extract. In addition to P. aeruginosa and B. subtilis 
that were used in OD, S. aureus was used to 
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Figure 8. The Effect of coffee extract on bacterial growth is indicated by the agar well method. (A) P. aeruginosa,  
(B) B. subtilis, (C) S. aureus

Figure 9. The zone diameter size for each bacterium affected by coffee with three different levels

investigate the effect of coffee by the agar well 
method. The results showed that coffee extract 
has antibacterial activity on two bacterial isolates 
P. aeruginosa and S. aureus at 12.5 mg/ml and 20 
mg/ml however, the inhibition zone showed a high 
impact on bacterial growth at 20 mg/ml instead 
of 3 mg/ml and that was after incubation for 24 
h. B. subtilis was resistant to the coffee extract  
(Figure 8 and 9).

DISCUSSION

 In vivo, the Allium cepa test is an 
important test in which the roots grow in direct 
communication with the substance of interest, 
agreeing on the estimate of possible DNA damage 
in humans.36 In this study, the test allows for the 
evaluation of various genetic endpoints that arise 
as a result of coffee consumption. Mitotic index 
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(MI) is an established evaluation of cytotoxicity 
in all organisms. The current results indicate that 
coffee induces alterations in the genetic material 
of the meristematic region. These alterations 
are contingent upon the level used. At the low 
and standard levels, no significant increase was 
detected in CA, which indicates that coffee has 
no evident harmful effect if consumed at these 
levels (1.5 g/100 ml, 5.5 g/100 ml). The elevated 
CA at the high level of coffee is per the surged 
MI, which is a result of the increase in abnormal 
cells at telophase and metaphase, hence an 
increase in the total number of cells.37 The most 
CA were stickiness and multinuclei. This elevation 
in CA suggests that the high level of coffee (10.5 
g/100 ml) is genotoxic to the A. cepa cells. The 
genotoxicity of coffee is proven in human cells as 
well. From the present study, it is clear that high 
levels of coffee are harmful to health, and its intake 
must be avoided. The damage caused by coffee can 
be related to its numerous constituents and acidity 
(pH 4.5) since low pH can decrease the metabolic 
rate and the body’s antioxidant defenses.38

 Coffee at a high level (10.5 g/100 
ml) induced different kinds of CA. To assess 
chromosomal abnormalities employing the A. 
cepa test, various forms of CAs are resolute at 
separate stages of mitosis. The majority of CAs 
observed in this study were sticky chromosomes, 

chromosome bridges, and multinuclei. Stickiness 
is defined as the clumping of chromosomes at any 
stage of mitosis and is presumed to be derived 
from the defective functioning of a certain protein 
required for chromatid segregation. Chromosomal 
stickiness could also be associated with a rise in 
chromosomal condensation and contraction or 
rather from the depolymerization of DNA and 
nucleoprotein partial dissolution. Stickiness is 
irreversible, and it represents high toxicity.¹² 
Chromosomal bridges are considered to be 
clastogenic and are associated with chromatid 
and chromosomal breaks. Binucleated cells are 
regarded as the inhibition of cytokinesis during 
any stage of the cellular cycle. The inability of 
the cell plate to form in binucleated cells evokes 
the multinucleated state. Micronuclei are small 
nuclei formed whenever a chromosome or a 
chromosome fragment is not joined into one of the 
daughter nuclei during cell division.39 The present 
study revealed that coffee proved detrimental 
unless consumed at moderate levels (between 
1.5-5.5 g/100 ml). Some of the positive effects 
attributed to coffee are its ability to eradicate 
bad cholesterol (LDL) from the bloodstream 
as well as decreasing the risk of cardiovascular 
diseases. However, the addition of cream or sugar 
may counteract the positive effects of coffee. We 
recommend that future studies also test different 
coffee levels and exposure times. Several studies 
suggest that there is an excellent association 
between chromosome abnormalities found in 
root-tip systems and those found in mammalian 
cell systems. There is also a good association with 
mutagenic activity. Correspondingly, plant and 
animal chromosomes have a strong resemblance 
in both morphology and in response to treatment 
with mutagenic substances.40

 Coffee may potentially be a potent 
antibacterial agent against some bacteria because 
of its wide availability, inexpensiveness, and 

Table 6. Tukey test analysis of ca between the four 
different groups (control, low, standard, high)

Treatment pairs Tukey Tukey HSD 
 HSD P-value  inference

Control Vs Low 0.65 Insignificant
Control Vs Standard 0.30 Insignificant
Control Vs High 0.00 **P < 0.01
Low Vs Control 0.87 Insignificant
Low Vs High 0.00 **P < 0.01
Standard Vs High 0.00 **P < 0.01

Table 7. Spectrophotometer analysis of P. aeruginosa growth

Level/time 30 min 60 min 90 min 120 min 150 min 180 min

Control 0.05 0.07 0.12 0.19 0.41 0.59
Low (3 mg/ml) 0.08 0.06 0.07 0.11 0.22 0.41
Standard (12.5 mg/ml) 0.05 0.03 0.03 0.08 0.11 0.23
High (20 mg/ml) 0.06 0.10 0.14 0.24 0.37 0.64
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because it is only detrimental to humans at high 
levels. Among the three bacteria used for this 
research, P. aeruginosa was the most susceptible 
to the activity of coffee, while B. subtilis exhibited 
resistance to coffee.41 The action of antimicrobial 
substances takes place in several ways, such as 
selective toxicity, inhibition of cell membrane 
synthesis and function, and inhibition of protein 
and DNA synthesis by blocking the incorporation 
of thymidine and adenine. Moreover, caffeine 
enhances genotoxicity. Resistance to coffee has 
been found in many bacteria due to the production 
of a caffeine-degrading enzyme.42

 Previous studies on some Gram-negative 
bacilli bacteria have revealed that caffeine inhibits 
the synthesis of DNA and impairs RNA and protein 
synthesis.43 This can be the reason for the non-
viability of P. aeruginosa cells upon exposure to 
coffee and lysis of different bacterial species. 
Following the results of this research, coffee 
could be a real antimicrobial agent against some 
bacteria.44 However, the effect varies between one 
type of bacteria and another, therefore, further 
research needs to be conducted to specify which 
species will be affected by coffee the most.45 The 
growth of B. subtilis surged upon the addition 
of coffee as a result of the usage of caffeine as a 
nutrient source and the transformation of caffeine 
to nontoxic derivatives.46 Future studies should 
also test other bacteria because all the bacteria 
tested in this test were bacilli.47 In support of 
the results obtained from OD bacteria, B. subtilis 
demonstrated no zone, which suggests that coffee 
did not exhibit any inhibitory effect.48 In contrast, 
P. aeruginosa and S. aureus demonstrated a 
clear zone, which reflects the antibacterial 
effect of coffee.49 Numerous factors may affect 
the antibacterial activity of coffee (the degree 
of roast, coffee type, coffee level, and extract 
preparation).50 Antioxidants such as chlorogenic 
acid and alkaloids such as trigonelline have been 
associated with the antibacterial activity of coffee. 

CONCLUSION

 This study explored the dual biological 
effects of Coffea arabica, specifically its cytological 
impact on Allium cepa root tips and antibacterial 
activity against P. aeruginosa, S. aureus, and B. 
subtilis. Increasing coffee levels were associated 

with a rise in CA, particularly at higher levels, 
indicating its cytotoxic potential. The MI showed 
level-dependent variations, decreasing at lower 
levels but significantly increasing at higher ones. 
In antibacterial assessments, coffee extract 
demonstrated the strongest inhibitory effect at 
a level of 12.5 mg/ml, highlighting its potential 
as a moderate antibacterial agent. However, 
higher levels (20 mg/ml) occasionally promoted 
bacterial growth, suggesting a complex interaction 
influenced by level. The study also revealed high 
coffee consumption among young adults, with 
Turkish coffee being the preferred form, and 
varying levels of awareness regarding caffeine’s 
health implications. Overall, the findings confirm 
that coffee exhibits cytotoxic effects at elevated 
levels in plant cells and moderate antibacterial 
properties at optimal levels. These results suggest 
potential applications for coffee as a natural 
bioactive agent in microbial management while 
also emphasizing the importance of moderate 
consumption for health benefits. Future research 
should investigate the antimicrobial potential 
of higher caffeine levels to further elucidate its 
efficacy. 
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