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The Role and Potential of Generative Al in Meat Processing Technology

Innovation

Abstract

The emergence of generative artificial intelligence (Al) presents new opportunities
for innovation in the meat processing industry, which has traditionally relied on labor-
intensive and manually controlled operations. This review explores the potential of
generative Al—including models such as GANs, VAEs, LLMs, and MLLMs—in
transforming various aspects of meat processing, from quality prediction and process
simulation to automated documentation and decision-making. By integrating generative
Al with sensor data, imaging systems, and cloud-based platforms, meat processors can
enhance predictive accuracy, streamline operations, and reduce waste through virtual
testing and real-time optimization. Case studies illustrate the application of generative
Al in simulating defects, forecasting spoilage, synthesizing training data, and
summarizing production records. Additionally, the paper discusses key considerations
such as ethical responsibility, food safety compliance, system transparency, and
environmental sustainability. Although technical challenges remain—including domain-
specific model training, system integration, and regulatory validation—qgenerative Al
holds significant promise in advancing intelligent and sustainable meat processing
systems. Future research should focus on scalable deployment, human-Al collaboration,
and interdisciplinary frameworks to guide responsible implementation. This review
highlights the transformative potential of generative Al to reshape the meat industry
through smarter, data-driven innovation.

Keywords: generative artificial intelligence; meat processing; digital twin; quality
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567  Tables and Figures
568  Table 1. Summary of generative Al models applicable to meat processing
Model type Core_ Strengths Appllcatlons_m References
mechanism meat processing
Generative Adversarial . . Simulating meat Fu et al. (2023),
. L High-resolution
Adversarial training between image generation: surface defects for Goodfellow et al.
Networks generator and defgct%imulation’ data augmentation (2014), Lu et al.
(GANs) discriminator and model training (2022)
. Latent space Effectlv_e n Gene_ratlng_ Kench and Cooper
Variational - . simulating synthetic quality -
encoding with . . (2021), Kingma and
Autoencoders 2 sensory attributes profiles and 3D .
probabilistic Welling (2019), Zhang
(VAEs) - and structural meat texture
reconstruction . . et al. (2024b)
variance representations
Transformer- Automated_ report Predicting quality Brown et al, (2020), Li
Large Language generation; trends from process
based sequence o ) . et al. (2024b), Raza et
Models (LLMs) . summarization of records; real-time
modeling . al. (2025)
unstructured data documentation
Multimodal Integratlgn of Cros_s—mpdal _ Real—tlme Han et al. (2025),
textual, visual, learning; data interpretation of . )
Large Language - . Piechocki et al.
and sensor data fusion and sensor/image/text
Models - . . - (2023), Zhang et al.
using flexible decision data in smart
(MLLMs) . (2024a)
transformers support factories
569
570
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571

572  meat industry

Table 2. Comparison of traditional vs.

generative Al-based quality prediction in

Criteria

Traditional methods

Generative Al methods

References

Prediction
accuracy

Moderate (rule-based or
fixed statistical models)

High (learns complex
patterns autonomously)

Abuhani et al. (2025),
Sarker et al. (2024)

Adaptability to
new data

Limited (manual updates
required)

High (supports continuous
learning and fine-tuning)

Song et al. (2025), Qi
et al. (2023)

Data requirements

Requires structured, labeled
datasets

Can utilize unlabeled or
synthetic data for training

Guo and Chen (2024)

Real-time analysis

Low to moderate (depends
on algorithm complexity)

High (enabled by
optimized architectures
and edge computing)

McCall (2025), Wang
et al. (2025)

Explainability

High (interpretable
regression/classification
models)

Medium (varies with
model type; ongoing XAl
research)

Arrighi et al. (2025)

Simulation &
augmentation

Not supported

Strong support through
synthetic data generation
and scenario modeling

Fu et al. (2023),
Zhang et al. (2024a)
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575  Table 3. Ethical, safety, and sustainability considerations in applying generative Al
576  to meat processing
Category Key issues Recommended strategies References
Ambiguity in . -
Ethical accountability for Al- Establish clear regulatory Dimitrakopoulou ar_wd
o H frameworks for Al Garre (2025), Manning
responsibility generated decisions and - M
accountability and liability et al. (2022)
outputs
Exposure of sensitive Implement encryption,
Data privacy Pos . access control, and Christakis (2024),
. operational and quality . . .
and security ) S compliance with data Demirer et al. (2024)
data; hallucination risks .
protection laws (e.g., GDPR)
Food safety Integration with I—_|ACCP Embed Al within certlfl_ed Gaye et al. (2025),
. systems and avoidance food safety protocols with
compliance . . Revelou et al. (2025)
of false negatives redundancy mechanisms
Svstem Difficulty in interpreting Use explainable Al (XAl)
Y black-box Al models and | methods and maintain audit Arrighi et al. (2025)
transparency - g .
tracing decisions trails
Environmental Energy and resource Utilize Al-based simulation Amani and Sarkodie
. waste in over-processing | and optimization to reduce (2022), Rakholia et al.
impact : e
or trial-and-error cycles waste and emissions (2025)
Workforce Resistance to Al Provide structured retraining Kernan Freire et al.
e adoption; skill gaps programs and inclusive Al (2024), Song et al.
implications .
among operators deployment planning (2025)
577
578
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Figure 1. Conceptual framework for integrating generative Al into data-driven

food processing systems(Dhal and Kar, 2025; Han et al., 2025).
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584 Figure 2. Potential applications of generative Al across the meat processing value
585 chain(Mikolajewska et al., 2025; Song et al., 2025).

586

37



160
150 m Traditional system

140 = With generative Al
120
100
80
60
40
20
0
Defect rate (%) Energy  Processing time  Quality = Resource waste
consumption (min/unit) consistency  (kg/mongth)
(kWh/batch) index
587
588 Figure 3. Impact of generative Al adoption on productivity and resource
589 efficiency(Amani and Sarkodie, 2022; Rakholia et al., 2025).
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