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ABSTRACT

The Artificial intelligence (AI) and Machine Learning (ML) advent has proclaimed unparalleled knowledge transformation
across several sectors, including food science and nutrition. This advancement can aid in a deeper understanding of the insights
of both fields and their subfields. A systematic search was conducted across literature resources in many databases, including
Web of Science, Scopus, and PubMed, according to PRISMA guidelines. The possible eligible study data were retrieved to assess
eligibility and inclusion criteria. This research comprehensively explores the use Al applications in food science, such as the
food industry and processing, food safety and packaging, and nutrition, including food and nutrient intake, supplements,
clinical nutrition, gut microbiota, and trace elements intake. AI applications can be very helpful in addressing various issues,
developing novel techniques in food production, food safety, and quality, and aiding in planning nutrition and nutrient intake
for better health with high accuracy and precision. Despite these advancements in the application of AI and ML in both food
science and nutrition, more improvement is needed for more efficient, precise, and accurate application in some fields.

1 | Introduction might eventually dominate all aspects of human life (Amore

Philip 2023).
Artificial intelligence (AI), as a broad concept of enabling and Philip 2023)

machine learning (ML) and ML as a more specific subset of Al,
are relatively recent technologies that are finally entering every
part of human life (Amore and Philip 2023). AI has been
defined as an MK that combines different themes, including
convex optimization, statistics, and probabilities, to effectively
solve various issues (Jordan and Mitchell 2015). Furthermore,
other AI algorithms include test-based, logic programming,
expert systems, and reinforcement learning (Borana 2016).
This is to enable a system to process information in a manner
that mimics or is similar to biological and human systems. This

Among many fields that apply Al, algorithms of AI have been
used effectively in the field of food science in analyzing and
mapping various areas, including environmental impact on
food commonly named “food desert” (Sigalo et al. 2022). On a
larger scale, AI and, more specifically, ML empowered us to
monitor the global food supply chain and ensure the safety of
food products. Moreover, it helps predict potential risks arising
from global climate change (Dora et al. 2022). For food safety,
Al used analytical tools to generate and assemble complex
datasets, drawing on available data resources to provide insights
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and address food safety issues (Friedlander and Zoellner 2020).
AT has also been used in the sensory assessment of foods. This is
through a system composed of cardiac pulse, facial emotion
recognition, and galvanic skin responses (Alvarez-Pato
et al. 2020). AI has been used in many other fields of food
science and technology, including food enzymology, food bio-
technology, food microbiology, food safety, and toxicology. This
will be further explained in the upcoming sections.

On the other hand, nutrition is one of the fields of study that
uses Al and/or ML. This is to more accurately inform and guide
nutritionists and food scientists to improve food and health
quality (Eetemadi et al. 2020). AI creates an opportunity to
accelerate the data synthesis process, generating data that
enables scientists to obtain more recent data, make precise,
timely decisions, and save costs. Furthermore, Al can provide
computational data in different ways, potentially generating a
complex etiology of diet-related diseases. Last but not least,
it can measure individual responses to a diet plan (Bailey
et al. 2024). On the other hand, having a large amount of data
ranging from agricultural areas and satellite images, AI pro-
vides a cost-effective and timely process to generate powerful
evidence to develop food and nutrition interventions that can
avert or manage chronic health issues, like data related to
medical records and recent wearable personal and individual
data (Kirk et al. 2022; Colmenarejo 2020). Furthermore, Al have
also been utilized to predict or structure policy interventions,
unhealthy dietary habit taxation, drinking soda taxation, for
instance (An et al. 2023).

Therefore, the aim of this review is to understand and com-
prehensively review the application of Al in different areas of
food sciences and technology. It is also aimed at understanding
the impact of Al in the field of nutrition. Finally, the paper will
address the ethical challenges encountering the Al in both field
food and nutrition.

2 | Methods
21 | Study Selection

A systematic search was conducted across literature resources in
multiple databases, including Web of Science, Scopus, and
PubMed, according to PRISMA guidelines. “AI” was defined as
the combination of technologies, including probability, optimi-
zation, and statistics, to solve problems. ML is defined as a subset
of the wider category of AL The researchers searched for titles
and abstracts to be evaluated for selection during the period from
01//11/2024 to 01/08/2025. The possible eligible study data were
retrieved to assess eligibility and inclusion criteria.

2.2 | Eligibility Criteria

For the eligible criteria, all publications written in English
were included. A number of keywords were used for search,
including “artificial intelligence”, “AI”, “machine learning”
and “ML”. The study included reviews, meta-analyses, and
case reports focusing on ‘Food science and technology’ AND
nutrition. The studies were evaluated to determine whether
they could be duplicated or yield similar results.

2.3 | Data Extraction

After assessing the eligibility data, the studies were then
submitted for data extraction. The interesting selected criteria
were determined. This includes publication year, study popu-
lation, study models (human or non-human model, and area of
application (nutrition or food science).

3 | Application of AI in Food Science and
Nutrition

AI has numerous applications across both food science and
nutrition. Here are some examples of the application (Figure 1).

3.1 | Application of Al in Food Science

The development of food science technology paved the way
for the integration of AI into this field. Various fields of food
science have adopted AI. The following section presents
insights into the use of Al in food science.

3.1.1 | Food Industry and Processing

The application of AI and ML in the food industry is summarized
in Table 1. Many machine-based systems have been used in the
food industry for various purposes. This includes k-nearest
neighbors' regression (kNN-R), support vector regression (SVM-R
partial least square regression (PLS-R), ordinary least square
regression (OLS-R), stepwise linear regression (SL-R), and ran-
dom forest regression (RF-R)(Estelles-Lopez et al. 2017).
Research has shown that AI is used in the food industry for
quality decision-making, sensory assessment, cost analysis, and
business establishment based on customer requirements (N. V.
Lu et al. 2020). Additionally, a Long Short-Term Memory (LSTM)
neural network was utilized to detect acidity in the dairy industry
(Bing Li et al. 2021). Other AI systems have been developed to
determine optimal process control parameters and to predict
end-product fault percentage (Kim et al. 2020). It was reported
that Al-based techniques were beneficial in security prediction
in the UK. AI was also employed SVM PCA regression model
to classify lamb meat based on the fat percentage (Table 1)
(Alaiz-Rodriguez and Parnell 2020). On the other hand, AI
and ML have been used to pattern food industry sales rates
(Tsoumakas 2019). To predict waste management and its
generation, Al was employed (Garre et al. 2020).

3.1.2 | Food Quality and Safety

The papers presented extensively demonstrate the growing
dominance of AI in revolutionizing food quality inspection,
smart sorting, and storage safety management. Among the most
important results is that Al-enabled computer vision and hy-
perspectral imaging systems, coupled with machine learning
methods like Convolutional Neural Networks (CNNs), Support
Vector Machines (SVMs), and Vision Transformers (ViTs), can
recognize food external and internal defects, contamination, and
spoilage with great accuracy, typically over 95%. For instance,
DenseNet-based models correctly classified the fruit quality with
99.67% accuracy (Ananda et al. 2025) and ViT models correctly
classified pork belly contamination based on hyperspectral data
(Ghimpeteanu et al. 2025). The models outperform conventional
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FIGURE 1 | Different applications of Al in food science and nutrition (Friedlander and Zoellner 2020).

inspection methods in accuracy and speed, enabling real-time,
high-throughput inspection in industry. Automated sensor-based
and optical sorting equipment for potatoes, nuts, and fruits has
also been shown to achieve high sorting accuracy, with Al en-
abling sophisticated defect detection that is not consistently
possible with human labor (Sharif et al. 2020; Maier et al. 2024).

Al-enabled food safety storage and monitoring systems, particularly
those integrating IoT sensors and big data analytics, also signifi-
cantly enhance traceability, early spoilage detection, and food
safety. For example, NIR spectroscopy and ANNs have been suc-
cessful in tracing meat and cheese and evaluating storage-induced
quality changes (Curto et al. 2020). Additionally, Al-driven
predictive models used to forecast mycotoxin contamination or
microbial growth from environmental and spectral data play a
leading role in preventive safety (Naseem and Rizwan 2025). It is
clear from literature reviews that intelligent inspection systems,
in combination with robotics and automation, bring objectivity,
reduce reliance on labor, and facilitate standardized grading
parameters throughout the food supply chain. In total, these re-
views position Al as a disruptive technology in the agri-food sector,
with the potential to improve efficiency, accuracy, and safety in pre-
processing and postharvest handling operations. Table 2 delineates
the use of artificial intelligence in ensuring food quality at the point
of origin, intelligent sorting optimization, and storage safety.

3.1.3 | Food Packaging

One of the decisive parameters affecting food quality and shelf life
in the food supply chain is food packaging (Table 3). Furthermore,

alongside its communication properties like ingredient, nutritional
value, shelf life information, packaging also contributes to pres-
ervation from external bodies and pollutants, as it keeps its
freshness (K. Yu et al. 2021; Z. Zhang et al. 2021).

In modern food packaging, several modern techniques have
been used, including AI, deep learning, more specifically,
ML. These techniques identify potential inconsistencies and
imperfections in packaging by employing data from images
and detection sensors. ML and Al enable the automatic analysis
of packaging quality, such as reliability and consistency.
Furthermore, ML and AI have been used to reduce problems
and enhance productivity through and inspect packaging mis-
aligned, breaks, and creases (Goyal et al. 2024).

Studies have shown that ANN has been used to predict
packaging protocols by developing models from available data
patterns. It was also employed to expect the design composition
of active packaging to prolong product shelf life. The ANN was
imbued by the neural network of biological structure and proved
its efficacy in detecting antioxidant and microbial compounds
within the model of active packaging (Gorde et al. 2024).

The application of Al is very wide, and various sections have
been studied (Figure 2). These sections include analytical
assessment to analyze the risks of the sensory aspects of food.
Furthermore, it was also used in food safety in order to assure
safe products for clients and consumers. Moreover, Al is used in
food packaging to optimize processes. Additionally, using AI in
interactive management to engage with the supply chain and
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Reference
(Akram et al. (2025))

ML algorithm Model performance

Detection method

(Continued)
Food

No

TABLE 2

Detection accuracy: Mango = 89%,
Tomato = 92% (image processing);

CNN validation accuracy:

CNN and image processing
algorithms (pre-processing,

Image processing + machine
vision + deep learning

Mango and tomato
defect grading and

sorting

21

thresholding, morphological,

bitwise ops)

95%, Tomato = 94%

Standard DenseNet-121:

Mango

(Singh et al. (2025))

DenseNet-121 and Modified
DenseNet-121 (with frozen

Image classification using CNNs

Mushroom

22

0.90, Precision/Recall/

~0.90-0.91

Accuracy

F1

classification

layers, dropout, weight decay,

Keras Tuner)

Modified DenseNet-121: Accuracy,

Precision, Recall, F1 =0.97

(Revelou et al. (2025))

Performance details not quantified;
noted as capable of real-time

Non-destructive techniques including: General ML algorithms,

spectroscopy, smartphone sensors,

Animal-Source Foods

feature extraction/selection

(ASFs)/Food safety &

monitoring, predictive analytics, and
reduction in food safety risks

techniques, hybrid AI models,

and computer vision

chromogenic arrays, machine vision, and

hyperspectral imaging

HACCP monitoring

Abbreviations: ANN, artificial neural network; BP, back-propagation; CNN, convolutional neural network; DCNN, deep convolutional neural networks; DL, deep learning; FDA, Fisher discriminant analysis; GAN, generative adversarial

networks; HACCP, hazard analysis and critical control points; HIS, hyperspectral imaging; LDA, linear discriminant analysis; LP, linear programming; LSSVM, least square support vector machine; ML, machine learning; NIR, near-

infrared; PLS, partial least squares; PLS-DA, partial least squares discriminant analysis; PLSR, Partial Least Squares Regression; RF, random forest regression; SVM, support vector machine; ViT, vision transformer; YOLOV3, you only

look once v3.

client and consumer interaction has been well-documented. On
the other hand, AT and ML were used in packaging quality
control to maintain food quality standards, as we all use in
visual inspection and store and environmental management.

3.2 | The Application of Al in Nutrition

Several studies in different countries have been conducted in dif-
ferent areas of nutrition that used Al. We have summarized the
aim of the study, location, area of study in nutrition, and the main
findings in Figure 3. AI has proven to be fast in response and can
be a milestone and revolutionize the field of nutrition. According
to the studies conducted, AI can be used effectively in dietary
intake. Research included in this study stated that using AI can be
very useful since most dieticians and nutritionists depend on paper
questionnaires to document patients' information. This can be
consuming and has accuracy limits. However, with the use of Al,
this problem is mostly resolved. Furthermore, Al has demon-
strated utility and can provide accurate, precise results in dietary
assessment. This could avoid bias related to the self-data entry and
report by the clients and patients (Table 4).

According to the literature, Al systems in nutrition rely on data
collection and technical analysis and mostly focus on diet
assessment and comparing to predicting lifestyle intervention
and malnutrition prediction. Another issue with AI is the
accuracy and precision of results, which can be resolved in the
future to avoid biases resulting from self-report information and
foster the data and guidelines to be available in a better form.
Furthermore, Al can help with faster physical and dietary
adherence and may offer significant benefits; however, it also
raises a range of potential integrity, safety, and ethical issues.

3.2.1 | AIin Gut Microbiota

Al techniques have been applied to the macrobiota in subsequent
years. A few researchers studied the differentiation of thirty-six
strains of Bifidobacteria using metabolic models of genome scale
(Devika and Raman 2019). Furthermore, a specific analysis related
to gut microbiota was conducted, relying on a collection of visu-
alizations of networks as well as ML (Shima et al. 2017). Al was
also used to investigate microbial enzymes produced by gut
microbes. The study used a specific approach for enzyme identifi-
cation as well as human pathways of gut metabolic. The AI tech-
niques were utilized to identify and classify enzyme types. The
study found that there are 48 pathways that bacteria can encode
enzymes to metabolize nutrients(Mohammed and Guda 2015). Al
was also used to analyze the gut microbiota and its use in inter-
vention (Abavisani et al. 2024). A very recent study found that AI
can foster microbiome-related treatments through modifying the
microbial community in the gut to treat different gut syndromes.
Furthermore, Al can aid in identifying microbial footprints that are
connected to specific diseases (Patil et al. 2025).

3.2.2 | Al in Clinical Nutrients

In clinical nutrition, AI and its techniques were used to develop
tools to support supplementation and dietary planning. Fur-
thermore, it was intended to support disease prediction and
control (Table 5).
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Al Applications in Food Packaging

Analytical
Asses);tment e
Analyzing risks Ensuring food
and sensory products are safe
aspects of food for consumption

Process
Optimization
Streamlining food
production and

Inventory Control

Managing stock
levels and store

environment distribution
Vision Systems ieractive
Management
Using Al for visual Engaging with
inspection and supply chain and
control customer

Quality Control interactions

Maintaining high
standards in food
quality

FIGURE 2 | Application of food packaging in different sections.

| Disease risk Clinical
} and nutrient nutrition

(] |
Nutrient intake ! Supplement
intake

Trance
element intake

and disease

FIGURE 3 | The Application of AI in Nutrition.
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Several studies have examined the application of AI in clin-
ical nutrition, aiming to support and enhance monitoring,
and to help and modify the diets of people with diseases. A
study documented an Al-based novel technique to precisely
measure nutrient intake by processing RGB/depth image
pairs taken before and after daily meals (Y. Lu et al. 2019).
Furthermore, another study compared the therapy program
of a mobile application and a human. It was concluded that
the findings of this randomized controlled trial will bridge
the gap between the need for AI support in nutritional
interventions and the scientific evidence regarding its effec-
tiveness (Oka et al. 2019). Furthermore, a study used an Al
technique to help type 1 diabetic patients control carbohy-
drate intake. The authors used GoCARB system to determine
the carbohydrate content of the meals. In the study, 54 plate
meals were generated by GoCARB, compared with the esti-
mated carbohydrate content provided by experts. The results
indicated that the Al-based tool was as accurate as experts’
determinations (Vasiloglou et al. 2018). Moreover, another
study reported 24h. dietary assessment self-administered
tool, focusing on lactose in the nutrition system for research
(Chin et al. 2019).

The study found that the nine different ML models developed the
tools successfully estimated nutrients in foods. RABID algorithm
was used to interpret skeletal properties from videos in order to
observe and understand the eating behavior of 59 volunteers who
were divided into forty-five meals. The authors stated that using
the RAPID algorithm was similar to human reference (F1-score:
0.948; Cohen's kappa_=0.894) (Konstantinidis et al. 2020). In
order to recommend appropriate foods in terms of serving and
amount for 84 patients with chronic kidney disease, using two
different techniques Semantic Web Rule Language and the Web
Ontology Language based on their knowledge. The results of the
study found that the Web Ontology Language can recommend
appropriate food serving and amount as well as provide reason-
able answers for questions and offer knowledge-based answers
(Chi et al. 2015). Earlier research used Al in order to determine
health issues, such as dehydration, for 17 volunteers. The authors
applied an Al-based technique to automatically detect dehydra-
tion in response to cognitive tasks. The results were promising,
and accuracy exceeded 91% using the Stroop test and pulse rate
(Posada-Quintero et al. 2019). Similarly, a recent study used
another radiometric sensitivity-based AI technique to predict
dehydration caused by diabetes, vomiting, and diarrhea, and due
to less sensation. The study concluded that using these tech-
niques could detect dehydration in a few seconds, which could
save time and the cost of health professionals (Owda 2024). Other
techniques like Nutri-Educ (Buisson 2008), which balances diet
based on energy, NutriNet (Mezgec and Korousi¢ Seljak 2017), an
image-based tool for dietary evaluation for Parkinson's disease
and food based data system and a k-means algorithm as a hybrid
clustering for the knowledge base, and food preferences were
extracted (Baek et al. 2019).

3.23 | AI and Supplement

Researchers have studied and evaluated Vit A traits as Anti-
Covid supplement to mitigate the sign and symptoms. This is
achieved through bioinformatics and computational analysis
within a pharmacological protocol (R. Li et al. 2020). Similarly,

a study was done to evaluate the potential combination of nu-
trients glycyrrhizic acid, curcumin and vitamin C. to treat Covid
infection using an analysis of network (L. Chen et al. 2020).
Moreover, Al-based network analysis was used to find the
connection between Vit D and Alzheimer's onset through
molecular identification (L. Chen et al. 2020). A recent study
examined the potential of Al-based Guide (GenAISTM) pre-
scription compared with traditional dietitian dietary prescrip-
tions for treating LDL cholesterol. The authors concluded that
the AI technique reduced cholesterol and TG more than the
traditional prescription technique (Pokushalov et al. 2024).

324 | Alin Trace Elements and Diseases

Al has also been used by several researchers to identify ele-
ments and assess disease risk. The analysis of trace minerals
was combined with Al to determine the effectiveness of ML
(Adaboost) in relation to CVD diagnosis in hair samples of type
2 diabetic patients (Tan et al. 2009). The data revealed that the
AT model can be used as an effective and promising tool to
predict CVD. The same researchers later examined the effect of
several elements, such as vanadium, nickel, manganese, iron,
copper, chromium, zinc, and lithium in type 2 diabetic blood
samples in comparison with analogous datasets in order to
predict diabetes in the hair and urine of 105 people (H. Chen
et al. 2014). To analyze data, a model was formed from a
decision tree, a vendor machine support algorithm, and Fisher's
linear discrimination. The results showed that the specificity
and accuracy of both urine and hair were as high as 100%.
However, the hair sample was superior to the urine. In order to
another study, ML was used to reveal the relationship between
serum trace elements and some biomarkers in Nasal Polyps
patients. The study used various ML algorithms, including
Naive Bayes, SVM, random forest, k-NN, and logistic regression.
Furthermore, to interpret the key features affecting the efficacy
of the top model, logistic regression and SHapley Additive ex-
Planations (SHAP) analysis were applied. The study concluded
that these approaches can be used to achieve better predict-
ability and interpretability (Aydin et al. 2026).

In addition to AI techniques applied to physiological issues, Al
techniques have also been applied to psychological and neuro-
logical problems. A research study studied the relationship
between trace elements and schizophrenia risk. The study used
228 samples from healthy and schizophrenic patients under the
supervision of ML. The results showed that the ML can be a
promising tool to diagnose schizophrenia (Lin et al. 2017).

A recent study used AI models (CatBoost, XGBoost, LGBM, and
MLP) in combination with some biomarkers, including vitamins,
trace elements, and cholesterol, in patients with critical situations
to predict mortality. The study concluded that advanced AI
models, particularly when combined in an ensemble, have shown
increased predictive accuracy (Park et al. 2024).

3.2.5 | AI and Nutrient Intake

Several studies have used Al-based model to foster monitor,
modulate and support nutrient intake, in particular patients
(Table 6). A study developed novel Al-techniques to precisely
assess nutrient intake through imaging coupled with meal
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consumption (Mohammed and Guda 2015). Another study
compared nutrition therapy with an Al-supported mobile appli-
cation (Oka et al. 2019). The results demonstrated that an Al-
supported application can be developed based on scientific evi-
dence. Another research used a GoCARB computerized based
smartphone model in comparison of professional dietitian to
control carb consumption in type 1 diabetic patients of 54 meal
plates. The model demonstrated high accuracy in determining
carbohydrate content, comparable to that of nutrition profes-
sionals (Vasiloglou et al. 2018). Self-administered 24 h dietary
assessment tool (ASA24) taking lactose as an example in relation
to the nutrition data system for research (NDSR) was studied.
This system is a web-based model that allows automatic multiple
24hr food recalls. Another software application used is NDSR for
analysis and recall meals. To compare with them, several novel
models were developed based on the same nutrients as NDSR
and ASA24 (Table 6). The findings revealed that the computer-
ized techniques can be promisingly determine nutrient as stan-
dardized tools (Chin et al. 2019). A more recent study developed
a rapid and automatic bite detector algorithm (RAPID) that
illustrated the skeletal traits using videos compared to human
annotation. Another research studied patients' eating behavior
using three types of dishes of 45 meals. The results showed
similar annotation (F1l-score: 0.948; Cohen's kappa =0.894)
between the human and algorithm (Konstantinidis et al. 2020).
To evaluate a system for recommending required food-group
serving sizes, a group of researchers proposed a system-based
knowledge approach for 84 patients with chronic kidney disease,
using Semantic Web Rule Language (SWRL) and the Web
Ontology Language (OWL). The results indicate that OWL can
obtain logic questions and is precise in resolving knowledge is-
sues whilst maintaining its ability to share knowledge-based
information (Chi et al. 2015). A more recent study investigated
the autoregressive nature of cognitive stress in relation to mild
dehydration in 17 patients, using ML based on electrodermal
activity fluctuations in pulse rate. The study reported that overall
mild dehydration, all-system acceptability, and accuracy were
91.2% (Posada-Quintero et al. 2019).

In the era of Al, it may be possible to evaluate prototype and
novel dietary-based solutions. For this reason, an early study
proposed a menu using an incremental knowledge acquisition
system (MIKAS). This was achieved by asking experts to expand
their roles and actions so that they could be included, and
MIKAS might automatically act accordingly in the future.
(Khan and Hoffmann 2003). Nutri-Educ computer software was
developed to recommend a balanced meal composition based
on patients' calorie requirements. (Buisson 2008). For that
reason, the model used Heuristic algorithms to generate a
nutrition-based solution to transform it into a balanced meal.
“NutriNet” was developed by Mezgec and Korousi'c Seljak to
recognize images and assess nutrient intake and dietary intake.
The system was trained on 520 foods and beverages, comprising
225,953 images. The results showed that the detection accuracy
on the dataset was 94%. 47% on a collection containing 130,517
images (Mezgec and Korousi¢ Seljak 2017).

3.2.6 | Relationship of Diseases Risks and Nutrients

The AI seems to be beneficial in the assessment of health risk
issues depending on the dietary or food analysis. Some authors

relied on the k-NN algorithm and statistical comparison to
evaluate cardio-metabolic issues of ten years (2002-2012) of
3042 individuals in regard to food and nutrient patterns. The
study stated that using Al is superior and more useful in the
classification of health scores (B.; Wang et al. 2024). Further-
more, another study assessed the intern-personal variation of
response of blood glucose and triglycerides and their possible
risk of metabolic disease among 1002 healthy and twins groups.
The study revealed that Al and more specifically ML model
developed predicted food intake including both triglyceride and
glycaemic responses in relation to cardio-metabolic risks by
r=0.47 and r = 0.77, respectively (Berry et al. 2020). An earlier
study used an AI model of ANN to comprehend the relationship
between nutrients (Folic acid, B12) and breast cancer.
The model of ANN expressed variables by 94.2% the prediction
of breast cancer (Naushad et al. 2016). Finally, a group of
researchers assessed 106 volunteers with various ethnic back-
grounds and colorectal cancer histories in connection with a
healthy diet. AI and ML validated protocols were employed.
Several nutrients were determined in relation to colon cancer
using different ML methods(Shiao et al. 2018).

3.2.7 | AI and Medicinal Plants

AT has been used in medical plants to foster its utilization for
human nutrition and therapy (Figure 4). It assists scientists
in precisely identifying plant species, finding novel bioactive
nutritional compounds, forecasting herb-drug interactions,
and guaranteeing the safety and quality of products (Azadnia
et al. 2022).

Large biological and chemical datasets can be analyzed more
quickly and accurately by AI systems, such as ML and DL, than
by humans, which improves our understanding of how plant
chemicals affect human health and nutrition (Sheth et al. 2025).

However, Al may also have unintended consequences if used
incorrectly. Inaccurate predictions or misinterpretations of Al
results can lead to wrong medical advice or unsafe herbal use.
Over-reliance on Al without professional judgment may also
reduce human decision-making in nutrition and diet (Spanakis
et al. 2025).

Therefore, while AT supports scientific progress and safer medical
practices, its application should always be guided by expert
supervision and ethical standards. However, if Al is not employed
effectively, it can have unintended consequences. Inaccurate
predictions or misinterpretations of Al data can lead to incorrect
nutritional advice. Overreliance on AI without professional
judgment may limit human decision-making in due. As a result,
while AI promotes scientific development and safer medical
treatments, its implementation must always be subject to expert
oversight and ethical standards (J. Zhang and Zhang 2023).

4 | The Challenges in the Future Perspectives of
AI and Ethical Considerations

The adoption of AI in food science and nutrition represents a
transformative milestone, reshaping the future of the field. The
Al technologies improved the food production, food safety,
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FIGURE 4 | Application of Al in medical plants.

and quality, and shelf life determination (IM Almoselhy and
Usmani 2024). Furthermore, these technologies have improved
the food sector, enabling companies to anticipate current and
future trends and engage with the market more efficiently.
Furthermore, AI improved personalized meal recommenda-
tions, environmentally conscious consumption, and nutrient
intake. Additionally, AI has improved personalized healthcare,
accelerated product development, and enabled sustainable, eco-
friendly products by collecting and analyzing consumer and
patient data, yielding real-time insights to inform better choices.
Last but not least, AI, ML, and other synergistic technologies in
food and nutrition and made improvements, modernized the
food and nutrition practice towards better production, engaging
in efficient and suitable practices (Hassoun et al. 2024).

As discussed earlier regarding nutritional assessment, many Al
applications in field of nutrition can be used to monitor nutrient
intake, assess nutritional status and use in clinical aspects. How-
ever, there is always aspects of weakens to improvement. Many Al
logarithms and application luck accuracy. Therefore, it is not
without challenges. The primary challenge is possible bias in
algorithmic AI, which might result in intended and potential
biased results. For instance, when training data reflects dietary and
socioeconomic biases, the resulting AI can generate and destroy
those patterns (Hanna et al. 2025). Similarly, another study re-
ported that using AT luck logical and ethical issue when used for
personalized nutrition (Thomas et al. 2022). This occurs because
underrepresented groups, biased results labels, and proxy features
for socioeconomic status can skew model behavior, and deploy-
ment choices can amplify disparities. Another issue is the short-
term outcome. Al is not trained for long-term data, particularly in
relation to nutrient intake and disease, which need regular and
long follow-up. Furthermore, the employment of AI and ML
technology might pose serious questions regarding consumer

| Roles of AT |
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privacy, data security, and, particularly, the nature of consumer
preferences and the supply chain. Another challenge includes ex-
plainability (IM Almoselhy and Usmani 2024). The decision-
making and outputs are difficult to interpret and require a more
comprehensive understanding. Achieving this explain-ability make
is it more powerful and comprehends. This poses a challenge for
stakeholders to trust and/or comprehend the decision-making
process and undermines ethical issues related to accountability and
oversight (Talaei Khoei and Kaabouch 2023). Moreover, another
Ethical Issue of AI the concerning is that it might cause the
replacement of dictation and nutrition expert and community focus
on Al for their food and diet that expert. However, this can be
solved by the dietician and nutritionists by integrating the Al into
their daily routine work (Detopoulou et al. 2023). Additionally, the
ethical issue also concerns Al employment in food design that
possibly displaces labor, particularly affecting small business pro-
ducers who face challenges with AI adaptation without a thorough
intervention of policy to guarantee these naive groups and pay
special consideration and to ensure that all stakeholders advantage
from AI employment all in the future (Harikrishnan et al. 2025).

5 | Conclusion

This work emphasizes the most recent application of Al and ML in
both food science and nutrition. It was understood that the use of
AT would enable the development of novel techniques across food
science and nutrition and advance the state of the art. This is
particularly evident in the production and processing of food, food
quality and packaging, nutrient intake, and clinical nutrition plans.
Advanced application techniques can be a milestone and a frontier
in addressing various issues in food science and nutrition with high
accuracy and precision. Despite advances in AI and ML in food
science and nutrition, further improvements are needed to enable
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more efficient application of AI and/or ML in routine practice.
Furthermore, another improvement that should be done is the
intervention of humans and humanizing the results, since, without
human intervention, results are still not completely reliable.
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