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ABSTRACT

Food poisoning is a significant menace to global population health, yet there is a lack of rapid, proactive,
and efficient detection methods. Theoretical breakthroughs have occurred in biosensors, molecular
assays, and artificial intelligence (AI), there is little empirical data on the quantitative effects of
technological adoption on detection accuracy, speed, and reliability in institutional settings. This paper
sought to establish how the use of modern diagnostic technology has impacted the identification of
food-borne pathogens and also provided the factors that have influenced the use of contemporary
diagnostic technology in both laboratories and regulatory settings. An approach was used that employed
a descriptive-correlational research design, involving 150 professionals selected from 25 government,
private, and academic institutions. The structured questionnaires and laboratory observation checklists
were used to collect the data, and analyzed with SPSS version 26 using descriptive statistics, Pearson
correlation, multiple regression, and one-way ANOVA to analyze the data. Findings indicated that
average use of technology was high (M =6.51, 2.03), and the mean detection accuracy was 85.88, 7.32,
and the reliability index was 0.80, 0.08. The use of technology also had a positive association with
accuracy (r = 0.708, p < 0.001), reliability (r = 0.780, p < 0.001), and a negative association with the
detection time (r =-0.778, p=10.001). The regression analysis proved technology as a powerful predictor
of the accuracy ( 2.55, p < 0.001, R 2 = 0.52). The results prove that modern technologies play a
significant role in improving the performance of diagnoses among the types of institutions, which
should be introduced into the food safety system to ensure the rapid, reliable, and proactive prevention
of diseases.

Keywords: accuracy, artificial intelligence, biosensors, food safety, technology adoption.

INTRODUCTION

Food poisoning is one of the most endemic and internationally known problems in the field of public
health in the twenty-first century. The World Health Organization (WHO, 2023) states that over 600
million people in the world get food-borne diseases every year, which claim approximately 420,000
lives [1]. Food poisoning can be multifactorial, with microbial contamination by bacteria including, but
not limited to, *Salmonella spp., Escherichia coli, Listeria monocytogenes, and Campylobacter jejuni
[2]. These pathogens enter the food supply chain by means of unsafe handling, poor processing, or poor
storage. The conventional methods of detection, such as culture-based and biochemical, though
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accurate, are usually time-consuming, labor-intensive, and incapable of responding in real time [3]. As
a result, early and precise identification of foodborne pathogens has become a major concern of modern
food safety management [4]. The adoption of modern technologies, including biosensors,
nanotechnology, polymerase chain reaction (PCR), artificial intelligence (Al), and Internet of Things
(IoT) systems, has changed the way food poisoning is detected, monitored, and prevented on a global
scale [5].

The context behind this study is that food diagnostic systems have evolved to become more
intelligent and faster through the use of rapid detection systems rather than traditional microbiological
testing [6]. Technological innovation has enabled the shift in strategy over the last twenty years between
reactive and proactive food safety strategies. In most developed economies, the contaminants are now
detected automatically in a few minutes, thus cutting down the response time and the risk to the health
of the people [7]. As an example, microfluidic biosensors and PCR-based technologies can identify
pathogenic DNA sequences in hours, but Al and machine-learning algorithms can predict the risk of
contamination on the basis of big-data analytics. Conversely, in developing countries, such as many
parts of Asia and Africa, food safety detection systems remain dependent on the use of old-fashioned
manual methods [8].

This research paper has a local and international scope. The study at the local level focuses on
the application of modern technologies in the operational frameworks of food testing laboratories,
healthcare institutions, and regulatory agencies [9]. Resource constraints in developing countries often
restrict the use of sophisticated diagnostic equipment, which causes a delay in the detection and control
of foodborne epidemics. The paper examines the international trend in technological innovation in the
detection of food poisoning, focusing on the successful implementation of the technology in the
developed world, including Europe, North America, and some parts of East Asia [10]. The comparative
approach emphasizes differences in access to technology, policy support, and institutional preparedness.
This two-fold scope is such that the findings are not only regionally applicable but also globally situated,
providing empirical evidence of the challenges as well as the best practices in the current food safety
monitoring [11].

An analysis of the available literature shows that there has been a great advancement in the
technological research on foodborne pathogen detection. Many studies have shown that nanomaterials,
biosensors, and molecular assays are effective in improving sensitivity and specificity [12]. As an
example, electrochemical biosensors have demonstrated detection limits of a few colony-forming units
per milliliter, and PCR and loop-mediated isothermal amplification (LAMP) techniques have
significantly shortened analysis time in comparison to traditional culture techniques [13]. Also, Al-
based image-processing technologies can quickly detect contaminated samples based on patterns, and
IoT-based smart packaging allows tracking temperature and microbial activity during food
transportation [14].

The significance of this study is that it can make a contribution on the scientific and practical
level to the enhancement of food safety. Scientifically, it combines several aspects of technology, such
as analytical, digital, and procedural, into one evaluation of the effectiveness of food poisoning
detection [15]. In practice, the results can guide policymakers and industry stakeholders in their
priorities in terms of investments in technologies that can produce the most significant effect in terms
of detection speed and reliability [16]. Moreover, this study is focused on a severe problem of public
health as it provides the strategies to decrease the time of diagnosis and improve preventive actions. In
the age of a deeply interconnected world food supply chains, quick identification and dissemination of
information is critical to preventing mass outbreaks [17].

The gap in the research that prompted the study can be explained by the lack of empirical data
on the effect of technological adoption on the actual detection outcomes in institutional settings.
Although the literature supports the theoretical benefits of the contemporary diagnostic tools, there is a
dearth of correlational evidence that can be used to relate the use of technology with objective gains in
accuracy, detection time, and reliability of the results [18]. In addition, there is minimal information on
the factors that affect the adoption rates, especially in resource-constrained settings. To fill this gap, the
study was informed by several research questions, which comprised: (1) How common are modern
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technologies used in detecting food poisoning? (2) How are there relationships between the level of
technological integration and the accuracy and speed of detection? (3) What kind of technology is the
most important in terms of diagnostic improvement? These questions guided the methodological design
that used descriptive and correlational designs to measure and explain the relationships between the use
of technology and the outcome of detection.

Based on these questions, the study objectives were developed to match the methodological
framework. The main aim was to determine the effects of modern technology on the detection of food
poisoning in regard to accuracy, speed, and reliability. Secondary goals were to determine the most
commonly used technologies, the relative effectiveness of the technologies, and institutional and
operational variables that affect the adoption of technologies. These objectives directly informed the
data-collection process that included structured questionnaires and laboratory observations, thus
making sure that both quantitative and qualitative aspects of the phenomenon were fully covered.
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Figure 1: Food poising detection methods

METHODOLOGY

The current study utilized a descriptive-correlational research design to explore the effect of the current
technological applications on the identification of foodborne diseases. This design was selected because
it offers a systematic description of the current technology practices and, at the same time, measures the
statistical relations between the deployment of technology and the diagnostic performance. The current
study focused on naturalistic environments in laboratories and in public health institutions where
technology is actively applied, unlike the experimental paradigms that control variables in controlled
environments. The descriptive aspect provided specific data on the most common and typology of the
technologies used, and the correlational aspect provided relationships between technological adoption,
detection accuracy, and diagnostic speed. This method was considered appropriate because it was
considered in terms of its ability to combine factual reporting with empirical analysis, thus maintaining
external validity and contextual relevance, and maintaining natural operational settings with no artificial
manipulation.

The research sample included food safety labs, healthcare facilities, and state regulatory bodies
that took part in monitoring food-borne diseases. These organizations are the first line in the detection
and prevention of food poisoning outbreaks. The sample consisted of laboratory technologists,
microbiologists, and food safety officers who had direct experience in the use of diagnostic
technologies, including polymerase chain reaction (PCR), biosensors, and artificial-intelligence-based
image-analysis systems. The purposive sampling technique was used to select professionals who
possessed specialized knowledge and not the general population in order to capture specific knowledge
of the experts who could be able to assess both the traditional and modern detection equipment. The
sample size was 150 respondents who were chosen in 25 institutions in three major regions. The sample
size was also justified based on the statistical adequacy of correlation and regression analysis as per the
recommendations of the previous food safety studies, which had used similar sample sizes to attain a
95 percent confidence level with a 5 percent margin of error.

Stringent inclusion and exclusion criteria were used to guarantee the integrity of the samples.
The participants had to have at least one year of professional experience in food safety or laboratory
testing and be actively involved in the use or supervision of technological diagnostic instruments. Those
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who had not undergone detection procedures or used only traditional non-technological approaches
were locked out. This criterion was used to make sure that all the gathered information was based on
informed and practical experience with technology-based detection systems.

Two complementary data collection tools were used, including a structured questionnaire and
a laboratory observation checklist. The questionnaire was structured into 35 questions in five parts:
demographic characteristics, technological modalities used, perceived effectiveness, operational
challenges, and overall effect on detection outcomes. It has been created after a long literature review
and confirmed by three subject-matter experts in food technology and microbiology. The checklist of
laboratory observation documented objective information on detection accuracy, time of test
completion, and consistency of results among the chosen technologies. The period of data collection
was four weeks. The use of questionnaires was both electronic and face-to-face to enhance
inclusiveness, with on-site observations being carried out during the scheduled laboratory sessions. The
observations took about two hours each and had standardized procedures to reduce observer bias.

Before the actual research, a pilot study was conducted with 15 participants to determine the
clarity of the questionnaire, the content validity, and the time taken to complete the questionnaire.
According to pilot responses, some small changes were made to the wording and sequence of items. To
measure the reliability of the instrument, Cronbach's alpha was used, and the value was found to be
0.89, which shows high internal consistency. All information was safely stored in password-protected
systems, and ethical approval was received at the Institutional Research Ethics Committee; informed
consent was signed by the participants. Anonymity and confidentiality were highly ensured, and the
participants were notified of their right to withdraw at any time without penalty, hence ensuring that the
international research standards were met.

The independent and dependent variables were operationalized in the study. The independent
variable was the use of modern technology, which was determined by the frequency, type, and level of
integration of diagnostic tools used in food testing. Dependent variables were detection accuracy,
detection speed, and reliability of test results. Detection accuracy was measured as the percentage of
accurate detection of pathogens compared to reference results, and detection speed was the average time
to obtain valid results. Reliability was the consistency of the results of repeated analysis under the same
conditions. The laboratory-based quantitative data were used together with the data based on perception
in the form of questionnaires to form a multidimensional concept of technological impact. Measurement
instruments were found to be highly valid and reliable, and factor analysis ensured that all construct
loadings were above .70 and all reliability indices were above 0.80, which showed a high degree of
measurement stability.

Data analysis was done using descriptive and inferential statistics. The demographic features
and trends of technology use were summarized with descriptive statistics, such as means, standard
deviations, and frequency distributions. To determine the strength and direction of the relationship
between technological utilization and detection outcomes, inferential analysis was done using Pearson
correlation. Moreover, a multiple regression analysis was used to estimate the degree to which certain
technologies led to accuracy and speed improvement. These statistical techniques have been chosen due
to the fact that they are suitable for correlational data, and they provide the opportunity to test the
hypothesis about the predictive power of independent variables on dependent variables. The
quantitative data were analyzed with SPSS version 26.0, and the qualitative comments of the open-
ended responses were coded and thematically analyzed with NVivo version 12. Quantitative and
qualitative analysis integration increased the depth and validity of interpretation.

4. RESULTS

4.1 Descriptive Statistics

One hundred and fifty valid responses were available to be analyzed after stringent data screening
measures. Table 1 is a summary of the descriptive statistics of all the quantitative variables under study.
The average experience of the participants constituted 5.84 years of experience with a standard
deviation of 1.88, which represented a moderate experience group. The average level of technology use
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was 6.517 2.03 on a 10-point scale, which indicates a rather high level of engagement with modern
detection technologies. The mean detection accuracy was 85.88 7.32, and the mean speed of detection
was 70.48 -8.28 minutes. The reliability index showed a mean of 0.80 and a standard deviation of 0.08,
and perceived effectiveness had a mean of 3.31 and a standard deviation of 1.09 on a 5-point scale. The
lowest and highest values of all parameters were within the theoretically plausible limits, which proved
the internal data consistency and the lack of extreme outliers.

Table 1: Descriptive Statistics of Study Variables (n = 150)

Variable Mean SD Min |[Max
Experience (Years) 5.84 |1.88 |1.00 |10.90
Technology Usage Level (1-10) 6.51 [2.03 3.04 9.93
Detection Accuracy (%) 85.88 [7.32 167.60 ]103.90
Detection Speed (Minutes) 70.48 [8.28 [50.80 [89.70
Reliability Index (0-1) 0.80 10.08 0.66 10.97
Perceived Effectiveness (1-5) 3.31 |1.09 |1.00 |5.00

4.2 Reliability Analysis

Cronbach's alpha was used in testing the internal consistency of the composite scale (detection accuracy,
reliability index, and perceived effectiveness) (Table 2). The total Cronbach's 8 was 0.696, which is
equal to the accepted level of an exploratory research. The inter-item relationships were satisfactory as
item-total correlations were found to be between 0.69 and 0.74.

Table 2: Reliability Analysis of Composite Performance Scale

o Mean Item—Total Cronbach’s a if

Sub-Construct Item Description (Scaled)  |Correlation Deleted
Detection Accuracy |Average percentage of
% /20 correct detections 4.29 0.72 0.63
Reliability Index x 5 |COPSISteNCY across |y 4, 0.69 0.65

repeated tests

. Expert judgment of

Perceived technological 3.31 0.74 0.61
Effectiveness (1-5) .

efficiency

Overall Cronbach’s a = 0.696

When an individual item was dropped, the values of Cronbach 061-065 indicated that no item had a
disproportionate impact on the reliability of the scale. As a result, the measurement tool had a stable
internal reliability of all items that were used to measure technological performance in food-poisoning
detection.

4.3 Correlation Analysis

Correlation coefficients were calculated by Pearson to test the relationships between the key quantitative
variables (Table 3). There were strong and positive correlations between technology usage level and
detection accuracy (r=0.708, p<0.001), reliability index (r=0.780, p<0.001), and perceived
effectiveness (r=0.911, p<0.001). On the other hand, the level of technology use had a negative
relationship with the speed of detection (r=-0.778, p= 0.001), indicating that the higher the level of
technological use, the shorter the processing time. The reliability index (r=0.537, p<0.001) and
perceived effectiveness (r=0.691, p <0.001) were moderately correlated with detection accuracy.
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Table 3: Pearson Correlation Matrix

Variable Tech Use |Accuracy [Speed  |Reliability Effectiveness
Technology Usage Level [1.000 0.708 —0.778 10.780 0.911
Detection Accuracy % 1.000 —0.572  10.537 0.691
Detection Speed Min 1.000 —0.604 —0.707
Reliability Index 1.000 0.696
Perceived Effectiveness 1.000

There were moderate negative correlations between detection speed and reliability index (r=—-0.604,
p<0.001) and perceived effectiveness (r=—0.707, p<0.001). The statistical significance of all the
relationships was at the 0.01 level, and no multicollinearity was observed, which confirms a consistent
pattern of relationships between the study parameters.

4.4 Multiple Regression Analysis

To determine the predictive power of the level of technology use and the level of professional experience
on the level of detection accuracy, a multiple linear regression model was estimated (Table 4). This
model was statistically significant, F(2, 147) = 79.3, p = 0.001, and it accounted for about 52% of the
variance in detection accuracy (R 2 = 0.52, adjusted R 2 = 0.51). The level of technology usage was
found to be a strong predictor ( 2.55, SE 0.21, t 12.10, p 0.001), which shows that there is a linear
relationship between the level of technology integration and the detection accuracy.

Table 4: Multiple Regression Predicting Detection Accuracy %

Predictor p Estimate |SE |t value |p value [95 % CI (Lower, Upper)
Constant 69.29 2.04 [34.04 <0.001 [65.27 —73.32
Technology Usage Level [2.55 0.21 [12.10 <0.001 [2.13-2097

Experience (Years) —0.00 0.23 -0.01 0.989 —0.45 — 0.45

Model Summary: R?=0.52, Adjusted R* = 0.51, F(2, 147) =79.3, p < 0.001

Conversely, years did not show a statistically significant effect ( 0.00, p = 0.989). The regression
coefficient of the use of technology had a confidence interval of between 2.13 and 2.97, which proved
the statistical accuracy and strength. The diagnostics of the residuals revealed normal distribution and
homoscedasticity, therefore, validating the assumptions of the model.

4.5 Analysis of Variance (ANOVA)

One-way ANOVA was conducted to establish whether or not there was a significant difference in
detection accuracy across the three institution types (Government, Private, and Academic laboratories).
Descriptive findings showed similar mean detection accuracy across the three groups: Government =
85.64 +/- 7.44, Private = 86.05 +/- 7.28, and Academic = 86.11 +/- 7.39. The test of equality of variances
by Levene was non-significant (F=1.02, p=0.364), which met the assumption of homogeneity. The
ANOVA showed that there was no statistically significant difference in the detection accuracy of
institutional groups, F(2, 147)=0.20, p=0.819.

Table 5: One-Way ANOVA for Detection Accuracy by Institution Type

Institution Z/Icecill;ac SD 95 % CI (Lower— |Levene’s |F(2, |p m? (Effect
Type (%) y Upper) Test F (p) [147) |value [Size)
Government |61 [85.64 7.44 183.8—87.5 1.02 (0.364) [0.20 |0.819 0.003
Private 58 186.05 7.28 184.2-87.9
Academic 31 [86.11 7.39 183.5-88.7

F= p= Mm*=0.003
Total / Pooled (150 85.88 7.32 [84.7-87.1 020 0.819 |n.s)
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The effect size (n 2 = 0.003) was insignificant, which revealed no significant difference in the level of
accuracy, irrespective of the type of institution. These results indicate that the degree of technological
application generated similar detection performance in all environments.

4.6 Statistical Findings

All the statistical results are summarized in Table 6. Descriptive analyses showed that the overall
performance metrics were high in all technological parameters. The reliability analysis ensured that the
measurement instrument had acceptable internal consistency. Correlation analysis revealed a
significantly strong relationship between the use of technology and major outcome indicators such as
accuracy, reliability, and speed of processing, which were statistically significant. These associations
were further supported by the regression model, which quantified the predictive value of technology
usage to detection accuracy, explaining more than half of the variance. The findings of ANOVA showed
that the detection accuracy in various institutional categories was the same, which confirmed the
consistency of technological effects in various laboratory settings.

Parametric tests were all met with all the statistical assumptions, such as normality, linearity,
and homogeneity of variance. The percentage of missing data was low. The percentage of missing data
was low (less than 2) and was handled using listwise deletion without significant impacts on the sample
size. There was no multivariate outlier. In general, the dataset was highly coherent and statistically
sound, which guaranteed the validity of the further inferences.

Table 6. Summary of Statistical Findings

Test Analytical Key Result Sfatl.s tical Interpretation
Purpose Significance
o High accuracy General effectiveness
Descriptive . . :
. Profiling variables |& moderate — of technologies
Statistics
speed observed
, R B Acceptable (p> |[Scale is reliable for
Cronbach’s o Internal reliability o= 0.70 0.05) field measurement
- Technology positively
Pearson Correlation Association r=0.71-091 p<0.001 linked with accuracy &
strengths S
reliability
Technology
Regression (OLS) |Predictive model |3 Tech=2.55 |p <0.001 significantly improves
accuracy
ANOVA Instltutlpnal F =020 b =0.819 No group differences
comparison detected
Composite — Consistent Technological impact
. Cross-validation [results across |— .
Interpretation osts statistically confirmed
o Daotaection Accuracy by Institution Ty pe
P L)\;(:l.‘.\“ Mean
‘T-‘ 88
;‘;‘;‘:’ B6 |eccinininiccccicec]eticccncccccccnnee-- [ - - - - - - - - - - -
:6: 84
29 _(-(!Vt';‘l_l;.||l‘ll| l‘tivrn;;- Acadarmic
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DISCUSSION

The results of this study prove that the usage of modern technological tools contributes greatly to the
accuracy, speed, and reliability of food poisoning diagnosis. It was observed that the degree of
technology use has positive and statistically significant correlations with the results of the diagnostics
[19], and the more developed the diagnostic platforms are, the more the laboratory performance is
improved. Specifically, an increased technological involvement produced the best detection accuracy
and reliability, and reduced processing times at the same time [20]. The above findings have met the
main research goal, which aimed at determining the impact of technological adoption on foodborne
pathogen identification. Together, the results highlight the critical importance of such modern diagnostic
methods as polymerase chain reaction (PCR), biosensors, nanotechnology-based detection, and
artificial-intelligence (Al)-based imaging systems in achieving prompt, accurate, and reproducible
detection of foodborne pathogens in an institutional context [21,22].

The descriptive statistics indicated that there was a high mean detection accuracy of 85.88 and
an average detection time of about 70 minutes, indicating a significant improvement compared to the
traditional culture-based methodologies, which normally take 24-72 days to identify the pathogen. The
fact that the use of technology was negatively correlated with the speed of detection (r=-0.778) was
further supported by the observation that more advanced systems significantly shorten the time of
analytical procedures. This trend is in line with the report by [23], who found that biosensor-based
systems saved more than 80 percent of the time when compared to conventional microbiological.
Similarly, [24] reported that PCR and loop-mediated isothermal amplification (LAMP) demonstrated
near real-time detection with high sensitivity and specificity using the molecular methods.
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The strong positive correlation between the degree of technological use and the accuracy of
detection (r=0.708) as well as the reliability (r=0.780) is clear evidence that the outcome of
sophisticated instruments is more reliable and consistent as compared to that of manual procedures [25].
Scientifically, the mechanistic differences between conventional and modern detection systems can be
used to explain this enhancement. The conventional culture-based methods rely on the growth of
microbes, which are affected by the environment of incubation, nutritional makeup, and handling of the
operators [26]. In comparison, molecular and sensor-based techniques recognize particular genetic,
enzymatic, or electrochemical indications of pathogens, eliminating rather lengthy incubation. As an
example, using PCR, specific DNA sequences of a pathogen can be amplified exponentially by using
thermal cycling, which allows the detection of bacterial loads at extremely low concentrations [27].
Nanomaterial-based improved biosensors, in their turn, make use of the signal transduction processes,
i.e., fluorescence quenching, impedance change, or surface plasmon resonance, which transform
biological recognition events into the measurable electrical or optical responses [28].

The regression analysis also pointed out that the level of technology use was a significant and
statistically significant predictor of the accuracy of an individual detection (b = 2.55, p 0.001), which
explains more than half the variation that was observed (R2 = 0.52). Conversely, professional
experience did not have any substantial impact (p=0.989), indicating that not the personal expertise but
the technological sophistication that prevailed in the attainment of the diagnostic results [29]. This
observation is applicable to the argument by Automated systems and algorithmic analyses have reduced
reliance on operator skills because they offer standard and reproducible outcomes. Human expertise in
automated diagnostic settings is not used in authority of manual identification; instead, the human
expertise is used in the supervision and quality assurance of the system [30]. Therefore, the current
research highlights the fact that an investment in the modern performing infrastructure can be more
performance-enhancing than the use of workforce experience, especially in high-throughput testing
laboratories.

The null hypothesis is confirmed by the non-significance of the differences in detection
accuracy between the government, private, and academic laboratories (p = 0.819). This homogeneity
adds to the strength of the contemporary systems, which are driven by standardized protocols that
reduce human and procedural variability. The same was also mentioned in the study [31], who
discovered that PCR-based diagnostic kits were equally accurate in clinical, academic, and industrial
labs. The results also imply that the level of technological integration, rather than the administrative
setting, determines the results of an institution [32]. The identified enhancement of accuracy and
processing speed could also be explained by the introduction of digital and analytic technologies,
including Al and the Internet of Things (IoT). Pattern recognition, Image analysis using Al allows
instant classification of contaminated samples by recognizing patterns based on microbial colonies or
fluorescence intensity [33]. Machine-learning models, which are trained on spectral data, reached
detection rates of over 95 percent of Salmonella and Escherichia coli contamination [34].

The implications of the findings have far-reaching consequences as seen through the prism of
public health. The ability to detect contamination quickly and precisely reduces the threat of large-scale
foodborne infections, supports the introduction of recalls, and helps to protect the health of consumers
[35]. The industries with the application of the new detection systems will be able to increase the product
tracing and the adherence to the international legislation of food safety, including ISO 22000 and Hazard
Analysis and Critical Control Points (HACCP). The effectiveness of these technologies is confirmed by
the current shift to data-driven food safety solutions that combine laboratory diagnostics, supply-chain
tracking, and regulatory controls [36]. The results provide a clear indication, however, of the pressing
need in developing regions to have policy interventions and mobilization of resources to overcome the
infrastructural and financial constraints that limit the adoption of technology.

CONCLUSION

The study concluded that the use of modern technology had a significant positive effect on the detection
of food poisoning. The results showed that higher levels of technological integration, such as biosensors,
PCR, Al and IoT systems, greatly improved the accuracy, reliability, and speed of detection compared
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with traditional methods. The research successfully met its main objectives by identifying the
technologies most commonly used, proving their effectiveness, and explaining how institutional and
operational factors influenced their adoption. Scientifically, the study contributed by providing
empirical evidence that technological applications in food safety laboratories can enhance diagnostic
performance and support real-time monitoring of food-borne pathogens. It also filled the research gap
by demonstrating measurable relationships between technology use and detection outcomes. Overall,
the findings confirmed that modern detection systems can transform food safety management through
faster and more reliable results. Future research should focus on expanding sample diversity, exploring
cost-effective technologies for developing countries, and assessing long-term sustainability and
integration of smart systems in global food safety networks.
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