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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 generative adversarial networks, variational autoencoders, large lan-
guage models, and multimodal large language models—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, sys—
tem transparency, and environmental sustainability. Although technical challenges remain—including domain-specific
model training, system integration, and regulatory validation—generative Al holds significant promise in advancing in-
telligent 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 trans-
formative potential of generative Al to reshape the meat industry through smarter, data—driven innovation.
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Table 1. Summary of generative Al models applicable to meat processing

Applications in meat

Model type Core mechanism Strengths processing References
Generative Adversarial training High-resolution Simulating meat surface Fu et al. (2023)
adversarial between generator image generation; defects for data Goodfellow et al. (2014)

networks (GANs) and discriminator

Variational Latent space Effective in simulating
autoencoders encoding with sensory attributes and
(VAEs) probabilistic structural variance

reconstruction

Transformer—based
seqguence modeling

Large language
models (LLMs)

Multimodal large
language models

Integration of
textual, visual, and

defect simulation

Automated report
generation;
summarization of
unstructured data

Cross—modal
learning; data fusion

augmentation and model Lu et al. (2022)

training

Generating synthetic
quality profiles and 3D
meat texture
representations

Kench and Cooper (2021)
Kingma and Welling (2019)
Zhang et al. (2024b)

Predicting quality trends
from process records;
real-time
documentation

Brown et al. (2020)
Li et al. (2024b)
Raza et al. (2025)

Han et al. (2025)
Piechocki et al. (2023)

Real-time interpretation
of sensor/image/text

(MLLMs) sensor data using  and flexible decision  data in smart factories Zhang et al. (2024a)
transformers support
/ \ e — N\ ~
Generative Dni(;lksill?n-
Raw data Al module Simulated Sl n‘fl’y Operational
input (GANS, or . feedback
(sensor, :} VAEs, [> augmented E> r(;l;iiltlitoyn [> (real-time
image, text) LLMs, data pprocess ’ adjustment)
HUEELE control)
O J ¢ Jj 7\ J

Fig. 1. Conceptual framework for integrating generative Al into data—driven food processing systems. Data from

Dhal and Kar (2025), Han et al. (2025).
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Distribution
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Processing & Formulation
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Cutting & Trimming

Image-based defect augmentation, trimming
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Fig. 2. Potential applications of generative Al across
the meat processing value chain. Data from
Mikotajewska et al. (2025), Song et al. (2025).

Sensor data simulation, spoilage prediction
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ote ©l FEISHA AERTHLu et al, 2022). o=
conditional GAN-S 2-85f] & ehlo] wE I 415 ©]
H|RE AFs BAsHAY, AA olu|A] 7|t Agks 2ARE 9
d olnRE &85l 4 5 B9 et BAdE A
7= o7} o]FojX|1L AthBird et al., 2022; Fu et al.,
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Table 2. Comparison of traditional vs. generative Al-based quality prediction in meat industry

Criteria Traditional methods

Generative Al methods References

Moderate (rule—based or fixed
statistical models)

Prediction accuracy
Adaptability to new
data

Requires structured, labeled
datasets

Data requirements

Low to moderate (depends on
algorithm complexity)

Real-time analysis

High (interpretable
regression/classification models)

Explainability

Simulation & Not supported

augmentation

High (learns complex patterns
Limited (manual updates required)

Can utilize unlabeled or synthetic

Strong support through synthetic

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

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

Guo and Chen (2024)

autonomously)

High (supports continuous
learning and fine—tuning)

data for training

McCall (2025)
Wang et al. (2025)

High (enabled by optimized
architectures and edge
computing)

Medium (varies with model Arrighi et al. (2025)

type; ongoing XAl research)

Fu et al. (2023)
data generation and scenario Zhang et al. (2024a)

modeling
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Fig. 3. Impact of generative Al adoption on productivity and operational efficiency. Values are normalized to the
conventional system (baseline = 100) and adapted from reported applications of artificial intelligence. Data from

Brynjolfsson et al. (2025), Dell'Acqua (2023).
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2HRF 2§ AEAN S0 Rzt EEC] o5 AR
& ZEEHA Holg ZEto|HAel Het FA7F tFEal QL
o B8] FE9T Sutel Y Al SE0] HHIE A
AHQ] 71do] 9F §22 7FsAolu A7t BIQIE HlolH =R
B A22 YRS AR B Ao]H(hallucination) B4
o thet = A7|=]2 QTHChristakis, 2024). wHhA] Hlo]
B HAA Y] st E AL 28§90l tigt Fegt 7hoj=gt
Q1 ulHo] "WQ3}H, general data protection regulation(GDPR)
I 22 A IR HSHTE S 2 e R
A =]ojok S (Demirer et al., 2024; Truong et al., 2021).
4% bz BRI BHY AV AN B oj2ol
BT AA AlLRe dRE ZEEE 39, 519 S4Y(false
negative) TEZ Qo FHEZ AlFo| F-E5= AP AR
o AT % 9l ol% AZ AA] BaFo] FEET ik
(Dimitrakopoulou and Garre, 2025). ESE A7} SH53F 4 7]
0| 1A dlofEofgt 7Rkt ¢ A= HFo|L HAE &
& WHgSHA] £ 7/l JlorE A&2Ql HolE |

o|E®} HFo] FHIEO]oF TH(Gaye et al., 2025). °I5 £I5f
Al A|AELE HACCP AA o 84 & =es =4 323} 2t
ol Z a5, AFORERMAA T T A 73] E
o] @ = tHRevelou et al., 2025).

M BAF Al9] EE2 A&7FsT SV AAE 55t
£ el A 7E & & Utk dIE £, Al
7I8ke] 7 A 9 £4 9IS 71&S B9l REEAQ A A
e Eola, AMe] e FASHE 4= lrhRakholia et al,
2025). E3F 34 5 AAT B AA E FE &Rl 8453

£ A8shH EFES AAaAA H7lE TS £011, 9
2 Qs 34 BEset oA 4n] EZ, ¥ Yol 247RA
& A= 7199e 4= At Amani and Sarkodie, 2022). T
E0] Al 7|5He] AR} 7|5 74 9 B Al Al 8
A5o] AL s wo] B B4t} o H71E Sol=d &
TAolct. FZ Ao BEW Y F5(ETA) EF1A
IoT AlA 7]5F dlolge}t 27|12l & ols B Zd
(autoregressive integrated moving average, ARIMA), TS 3|9
2 (multiple linear regression, MLR)& &85t Al A& A|A
2 S ALEE 15%20% FIAA AL ELX]<} 17
TS ARA o7 TAAZITEA B 15} Th(Fatorachian and
Pawar, 2025). 3t Al 9 H]go]E 7|9t of& A4S &5 &
T A} Saraio] Ak o EN AF 35 AlQlolA
o] YHIE A % Arh(Onyeaka et al., 2023). 53] A|ZLH]
5 AN} 2 ZA A1E ool Al HAlE o] vHE A

d

Table 3. Ethical, safety, and sustainability considerations in applying generative Al to meat processing

Category Key issues

Recommended strategies

References

Ethical
responsibility

Ambiguity in accountability for
Al-generated decisions and
outputs

Exposure of sensitive
operational and quality data;
hallucination risks

Data privacy and
security

Food safety Integration with HACCP systems

compliance
System Difficulty in interpreting
transparency
decisions
Environmental Energy and resource waste in
impact over—processing or
trial-and-error cycles
Workforce Resistance to Al adoption; skill
implications gaps among operators

Establish clear regulatory
frameworks for Al accountability

Implement encryption, access
control, and compliance with data
protection laws (e.g., GDPR)

Embed Al within certified food
and avoidance of false negatives safety protocols with redundancy

Use explainable Al (XAl)
black—-box Al models and tracing methods and maintain audit trails

Utilize Al-based simulation and
optimization to reduce waste and

Provide structured retraining
programs and inclusive Al
deployment planning

Dimitrakopoulou and Garre
(2025)

and liability Manning et al. (2022)

Christakis (2024)
Demirer et al. (2024)

Gaye et al. (2025)
Revelou et al. (2025)
mechanisms

Arrighi et al. (2025)

Amani and Sarkodie (2022)
Rakholia et al. (2025)
emissions

Freire et al. (2024)
Song et al. (2025)

GDPR, general data protection regulation; HACCP, Hazard Analysis and Critical Control Point.
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S £0|1 Y AY E8-E a&3fole dl 719 S 3o
, Ol= R&D ©AoIA 9] A 3H| A4 H AR dow
o]0 4= QltiTodhunter et al., 2024). ol =9J3t H}o} Z+
o], AP AlY =YL @dt 7|ed A Hol |74 4
<, HlolE ek, QFAA A, AAE FBA 5 TRt aEAt
T 2= o, olgt 345F Table 39 A2tk
TAH o P AlQ] T2 S7HF 4ol AAY 73t
£ 913t 71e4 =of A0, 1= Qs BE &
A, M, kg ool dis AbdA o g SRS S A
nlAE|ojof 5, X|&7FeRt AlFANY S 913 71E-A]
A & Fol 874k

ool

4

di

ol
T

cst 40l

o st
Y AIZ 878 Allo] Bek Ao B

0
0

ofl
>

9 4578
eliA= 71ed-4AdA - A=A SHAA o FAAQ] A+t
TA7E ot Aok A, D A1S] AT FL=E F
AI717] I3l 2187k TrRlol] E3te ok 1d Zfdo] B4
Zojot. UHAR] AE Al= B o] = o[9|A] HlolH
£ 7I5te Ax]o] Qlof AlE7ks Eofo] AR 8o, HA,
F4 71%E S80] WgsHA Foke dAZE ATHLI et al,
2025). ol w&t £7k5 &4 ©lolEol I¥et ARHSks:
(pretraining) ¥ A o]8k5(fine-tuning) 7|WF £33 HE-S =
297} Qltk AE S0 348 5 ok 25k HIy
7+ 37 9A19] HolHE shgoll &85t ol E4 AlE
o] F4 d&of B0l Holskss A8 4= Sl olet
o= & Hot st 4 a&at 37 Azt 7hseiE A
o]thQi et al., 2023; Yang et al., 2025). o|&|$t HIL =3
Ho gdet 34 S 378 Aot7t 7FssiE AolthQi et
al.,, 2023; Yang et al., 2025).

A, AA 4] @AY AL 7FsdS &ol7] Slsh 4B
48 A19] AARE AAF a3t B3t 710l digk At
[E A9 g B w2 4 A A ARE
RS, ol ARt ST 3749 2 S0lA -840l
Hojx] QQlo] EthMcCall, 2025). Wb S2QE oA &
A 7]8ke] BAkAE] 2, AF35) B (distilled model) 7,
At v-G 240 915 e 2Ag} 59 71&c] HHE
ofof Stcl(Jiang et al., 2025; Wang et al., 2025).

AR, 378 ZUEE 9 F4 d5S A3 BT AR} 7|&
AloA A" 7H9] S 71 7ol Basith AA AEF Al
= T2 59240 74 AAfor AFshs F97E BARE
A A 382 flsiMe Al HIEYE, manufacturing
execution system(MES), enterprise resource planning(ERP) A]
~¥] 5 7o) AEEA Pe| SAETe] dgo] Warolt)
o|F 9ol AP Al EE3ks HARE Alofis=E Agk 4

>

[‘-10[1 il

U= UEHolA ZREE A 9 A8/ SHUt 5a%
IAI7F 2 Aolth(Jiang et al., 2025; Sinha and Lee, 2024).

A, B3P AIE 83 87k 71&0] A @Rl 4l
25 47 feiAe AEARl s A5 WA A 718k
B7F AA 440l Basith 55| F4 wE 2y 34 21
A& Aaprt AT AdE = Aol B 2= o
e HE9HE A5 71 AR, ASAIETE riE ojof shy
o Baj 4nl7je} Aty Wte] Azle s 5 9t
(Dhal and Kar, 2025).

spEho 2 ASH 84 ShRe 9igt
a5tk Y AR dloje] 78k 7ol B2 71 2] &
/g Qo= AREARS] osfite, £2]9] -84, ABREY] A==
5o 4483} ool 2 erg vlXA Hrk. weby AET,
glojejtst, &2t Wl 5 TRl #ofete] Fe 5 A
4% Al 71%0) AT FRHE Bk 247K 7
5 AlA”9] FHo R AZAT|= WFORS] ATt A&H
ofo} SHKXia et al., 2024).
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