
MAXIMIZING YIELD AND EFFICIENCY
IN MEAT PROCESSING OPERATIONS

Presented by Assoc.Prof.Dr.Autchara Kayan

17 October 2025



Processed Meat Size and Forecast 2025 to 2034

The global processed meat market
size is expected to be worth USD
698.10 billion in 2024 and is
anticipated to reach around USD
1,260.84 billion by 2034, growing at
a solid CAGR of 6.09% over the
forecast period 2025 to 2034.The
rapid expansion of fast-food chains
such as Burger King, KFC,
McDonald's, Subway, and Taco Bell
has significantly influenced the
increase the demand of the
processed meat market.



AI in Processed Meat Industry
Boosts efficiency & product quality
Precise carcass classification
Automates processing tasks
Accurate meat quality assessment
Optimizes cutting processes
Identifies flavor combinations
Retail: demand forecasting,
assortment & pricing

AI innovating the
Meat Processing
Market

Case Study: BioCraft Pet Nutrition (Oct 2023)
-Launched AI/ML tool for R&D (to achieve cell
proliferation and nutrient production)
-Collects & processes scientific data
-Maps cellular biochemical machinery
-Supports cell growth & nutrient production



Automation in meat processing

What robot technology can achieve in meat
processing???

The demands on the meat processing industry
are increasing every year. Automation systems
that cover the entire process chain in meat
processing are a decisive factor when it comes
to high food quality and hygiene standards, as
well as a small CO2 footprint. This includes
tasks such as cutting meat of all animal
species, stamping, inspections, further
processing steps such as marinating, and
packaging and palletizing.



OPTIMAL SYSTEMS FOR EVERY PROCESS STEP
IN THE MEAT INDUSTRY



Inspection Integrated camera technology and image processing
systems are used in the automated inspection of
unpackaged meat products: 
-The meat is checked by means of a camera.
-By measuring the marbling of sliced meat, muscle and
fat content can be calculated and the price of the food
can be accurately determined.
-Additionally, the system searches for blood, foreign
bodies, bone residues, etc. to ensure clean further
processing and utmost hygiene.
-Samples are taken to check the quality of the food,
especially to exclude germs and bacteria.
These robots are used:
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technique is an emerging non-thermal food processing
technology that is gaining significant interest in
slaughterhouses and meat processing plants because it
effectively reduces product loss in several ways:

The Cold Plasma (CP) or
Low-Temperature Plasma



Mechanism of microbial inactivation by Cold Plasma Technique (CPT)



Cold Plasma

Reduces Spoilage: Cold plasma is highly
effective in eliminating and inhibiting the growth
of pathogenic and spoilage microorganisms
(such as bacteria, fungi, and viruses) on the
surface of meat and food contact surfaces.

Result: The significant reduction or
elimination of microbes extends the shelf
life of meat products, thereby reducing
the chances of the meat being discarded
due to premature spoilage.

Microbial Decontamination and Shelf-Life Extension:
Mechanism: The plasma generates
Reactive Oxygen and Nitrogen Species
(ROS/RNS) which damage the cell
membranes, proteins, lipids, and DNA
of the microorganisms.



Cold Plasma

Non-Thermal Process: CP operates at near-
ambient temperatures, meaning it does not
negatively affect the nutritional value or sensory
attributes (color, flavor, aroma, texture) of the
meat, unlike conventional high-heat treatments.

Surface Sterilization: It can be applied to raw
meat products, ready-to-eat products, and even
food packaging and equipment surfaces within
the slaughterhouse and processing plant, which
helps minimize cross-contaminationthroughout
the production chain.

Preservation of Meat Quality:
Reduced Lipid Oxidation: Some studies
show that cold plasma can help control
lipid oxidation in meat, which is a key
cause of rancidity and quality
deterioration, thus helping to maintain
quality for longer.

Versatility in Application:



Cold Plasma

Reduces Spoilage: Cold plasma is highly
effective in eliminating and inhibiting the growth
of pathogenic and spoilage microorganisms
(such as bacteria, fungi, and viruses) on the
surface of meat and food contact surfaces.

Result: The significant reduction or
elimination of microbes extends the shelf
life of meat products, thereby reducing
the chances of the meat being discarded
due to premature spoilage.

Microbial Decontamination and Shelf-Life Extension:
Mechanism: The plasma generates
Reactive Oxygen and Nitrogen Species
(ROS/RNS) which damage the cell
membranes, proteins, lipids, and DNA
of the microorganisms.







Inactivation of microorganisms in various food products using cold plasma





Limitation of using cold plasma

-The difficulty in achieving regulatory approval and process validation. 

-Its complex reactive species chemistry.

-More complicated interaction of these species with the multi-component nature of food
(proteins, fats, water, etc.). 

-Controlling the plasma reaction chemistry is difficult because of the wide range of
moisture concentrations in foods.



Additionally, the application of cold plasma has been observed to cause several negative
consequences, including:

Decreased pH, fruit hardness, and color.

Increased acidity and off-flavor production.

Wilting and discoloration (specifically noted in spinach leaves).



Consumer
Acceptance

Impact of cold plasma and high-pressure processing on meat quality



A non-thermal preservation method where food is
subjected to extremely high pressure (up to 600
MPa) to inactivate harmful microorganisms
inactivate harmful bacteria like Listeria, Salmonella,
and E. coli. and enzymes. It achieves sterilization
without using high heat, which better preserves the
food's nutritional value, flavor, texture, and
freshness. It's widely used today for premium
products like ready-to-eat meats.

High-Pressure Processing
(HPP)



How Does HPP Work?





Source: Ferreira et al. (2025)



Source: Ferreira et al. (2025)



Utilization of by-
products in meat
processing

The effective utilization of these
by-products not only enhances the
economic viability of the meat
industry but also significantly
mitigates its environmental
footprint, transforming potential
pollutants into profitable
commodities. Meat processing by-
products can be broadly classified
into two main categories: edible
and inedible.

Classification of animal by-products. 
Source: Alao et al. (2017)



General descriptions of edible and inedible by-products.
Source: Alao et al. (2017)



Common uses of animal by-products



Organs

Blood

Fat

Edible By-Products: A
Source of Nutrition and
Delicacy

A significant portion of the
materials separated from the
carcass during processing is fit
for human consumption and is
often referred to as offal or
variety meats.

Rich in essential nutrients, organs
such as the liver, kidneys, heart,

and lungs. High content of vitamins
and minerals.

Source of protein and iron, utilized
in the production of blood sausages,

black pudding, and various other
food products. Processed to extract

plasma use as a binder and
emulsifier in meat products.

Tallow from beef and lard from
pork, are used as cooking fats,

shortening, and in the production
of margarine. Ingredients in the

manufacturing of soaps and
cosmetics.



Intestines and
Stomachs

Bones

Edible By-Products: A
Source of Nutrition and
Delicacy

Serve as natural casings for
sausages.Stomachs, or tripe, are a
popular ingredient in many soups

and stews globally.

A source of gelatin, broth, and
bone marrow, bones are widely

used in the food industry. Gelatin is
a crucial ingredient in desserts,

confectionery, and pharmaceutical
capsules.



Hides and Skins

Rendering

Rendering

Inedible By-Products: A
Trove for Industrial and
Agricultural
Applications

Materials not typically
consumed by humans find a
multitude of uses in other
industries, contributing
significantly to a circular
economy model.

the leather industry, producing
goods ranging from footwear and

apparel to upholstery.

Tallow and Grease: Used in animal
feed, soap production, and

increasingly, as a feedstock for
biofuel production.

Meat and Bone Meal (MBM): A
high-protein ingredient in animal
feed, particularly for poultry and
swine, as well as in pet food. It

also serves as an organic fertilizer.



Pharmaceutical and
Biomedical Applications

Pet Food

Bioenergy

Inedible By-Products: A
Trove for Industrial and
Agricultural
Applications

Glands and organs are sources of
hormones like insulin and heparin.
Collagenis used in cosmetics and

medical applications (wound
dressings and drug delivery

systems).

a major consumer of meat by-
products, utilizing nutrient-rich
organs, meat trimmings, and
rendered products to create

balanced and palatable diets for
companion animals.

anaerobic digestion of certain
meat processing wastes, such as

manure and stomach contents, can
produce biogas, a renewable

energy source.



The pet food connection

One of the largest markets for meat plant by-
products is the pet food industry. Those meat
scraps and organ meats that don’t make it into
human food often become the protein
foundation for dog and cat foods. 





Case studies: real-
world applications of
yield improvement
techniques





a) Raw white broiler chicken feathers         b) Grounded white broiler chicken feathers 
c) Chicken feather hydrolysate from white broiler chicken         d) Chicken feather hydrolysate incorporated pet food.



In vitro digestion of
chicken feather
hydrolysate to assess
the digestibility



Scanning Electron Micrograph at a) 500x magnification b) 1000x magnification, showing ruptured particles of CFH.





(a): Food acceptability by dogs as percent intake and refusal during the single-bowl test. (b) Quantity and rate of food intake by dogs during the single-bowl test. 
(c) Overall consumption pattern of the three experimental foods compared to the control food by dogs during the two-bowl test. d) Comparative preferential food
consumption of the three experimental foods compared to the control food by dogs during the two-bowl test.
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