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Packaging plays a significant role in maintaining the safety, quality, and nutrition of 
meat and meat products. The effects of packaging technologies on shelf life, spoilage, 
and sensory qualities are covered in this review. Nowadays, several techniques are 
in practice such as vacuum sealing, active and smart packaging, MAP, and biopolymer 
films. With an emphasis on microbial life, nutrition, and acceptability, it also 
addresses the relationship between the meat quality and the packing materials 
utilized. Moreover, the preservation techniques employed, the economic and 
environmental effects of meat waste, and how these aspects affect the 
competitiveness of international trade are also covered. The effects of meat waste on 
the economy, the environment, and the competitiveness of international commerce 
are also covered. Product safety, sustainability, and the use of eco-friendly, bioactive, 
and intelligent materials should be the main areas of future study. Conclusively, 
innovations in the product's package design and materials will undoubtedly affect 
waste management, product safety, and industry and customer expectations. 
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INTRODUCTION 
Maintaining human health requires eating whole, nutrient-
dense, and fresh foods. The term "balanced diet" has 
gained popularity worldwide, ensuring the body 
consumes all essential nutrients for everyday functions. 
Understanding the nutritional composition of food is 
crucial for a well-balanced meal. Nutrients, including 
macronutrients like proteins, lipids, and carbohydrates, 
are essential for growth and life maintenance. Foods like 
meat, cereal grains, milk, fruits, and vegetables provide 
these nutrients, with meat being the most important. 
Glycogen, a carbohydrate in meat, affects its color, texture, 
and tenderness. Research focuses on improving fatty acid 
composition in meat, especially in single-stomach poultry 
and pigs. Meat contributes up to 20% of long-chain omega-
3 fatty acid intake, reducing cardiovascular illnesses, 
obesity, and diabetes. (Ahmad et al., 2018). 

Meat is a crucial nutrient-dense, energy-dense natural 
dietary product, rich in proteins, lipids, vitamins, and 

amino acids. It comes from domestic animals, poultry, and 
wild animals. Breeds, feed types, climate, and cuts affect its 
nutritional content. Research is ongoing to understand 
variations Packaging plays a crucial role in the production, 
storage, and transportation of meat and meat products, 
ensuring their quality and upholding standards for sale. It 
shields meat from mechanical, chemical, and biological 
risks, such as parasites, germs, dirt, and harmful chemicals. 
Although packaging alone cannot prevent contamination, 
it acts as a barrier against subsequent contamination. The 
"hurdles technology" approach suggests that packaging 
should be used in conjunction with other treatments to 
reduce beef deterioration. There are three types of 
packaging: main, secondary, and tertiary. Main packaging 
preserves sensory and chemical qualities, secondary 
packaging offers mechanical protection, and tertiary 
packaging simplifies palletizing, shipping, and 
transportation (Robertson et al., 2012).  
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Nutritional Profile of Meat  
Meat is a crucial nutrient-dense and energy-dense natural 
dietary product, rich in proteins, lipids, vitamins, and 
amino acids. It comes from domestic animals, poultry, and 
both wild and domesticated animals. Meat's nutritional 
content varies across breeds, feed types, climate, and cuts. 
Red meat is popular due to its high biological value protein, 
micronutrients, and omega-3 polyunsaturated fats. It 
contains essential vitamins, minerals, and bioactive 
substances, including vitamin B12, riboflavin, niacin, 
vitamin B6, pantothenic acid, vitamin A, and folate. Meat's 
moisture content affects its color, texture, and flavor. 
Glycogen, a carbohydrate stored in the liver, affects meat 
color, texture, tenderness, and water-holding ability. 
Research focuses on improving fatty acid composition in 
meat, especially in single-stomach poultry and pigs. Plant-
based diets should include high-quality protein, riboflavin, 
vitamin B12, vitamin D, iron, zinc, and selenium if animal 
consumption decreases (Karwowska et al., 2021). 

Health Benefits 
Meat is a crucial nutrient-dense and energy-dense natural 
dietary product, rich in proteins, lipids, vitamins, and 
amino acids. It comes from domestic animals, poultry, and 
both wild and domesticated animals. Meat's nutritional 
content varies depending on breeds, feed types, climate, 
and cuts. Red meat is popular due to its high biological 
value protein, micronutrients, and omega-3 
polyunsaturated fats. It contains essential vitamins, 
minerals, and bioactive substances, including iron, zinc, 
selenium, and bioactive substances. Meat's moisture 
content affects its color, texture, and flavor, and its fatty 
acid composition, especially in single-stomach poultry and 
pigs, can contribute up to 20% of long-chain omega-3 
polyunsaturated fatty acid intake. Plant-based diets should 
include high-quality protein, riboflavin, vitamin B12, 
vitamin D, iron, zinc, and selenium if animal consumption 
decreases. Meat has been a staple of human diets since 
prehistoric times due to its health-promoting properties 
(Nath et al., 2024). Consumption in moderation and as part 
of a balanced diet offers health advantages, including 
preserving muscle mass and reducing chronic illnesses. 
However, substantial consumption of red meat and meat 
can cause chronic diseases due to the lipid profile of animal 
fat and substances added during processing. Meat and 
animal products are a major source of iron and vitamin D, 
with meat and liver containing 25(OH) D3, a high 
biological activity vitamin D3 metabolite. Moderate meat 
consumption is generally advised despite ongoing 
discussions about its potential health effects (Carlotta et 
al., 2022). 

Protein  
Meat protein offers numerous health benefits due to its 
high-quality amino acid profile and bioactive peptides. It is 
essential for muscle maintenance, immune function, and 
preventing chronic diseases. Beef bioactive peptides have 
potential health benefits, including anti-inflammatory, 
antihypertensive, and antioxidant properties. Dietary 
protein is essential for overall health and growth, and 
higher-protein diets offer potential benefits like strength, 
preservation, and muscle protein synthetic response. 

However, excessive meat consumption can lead to 
negative health outcomes (Carbone et al., 2019). 

Minerals and Vitamins 
Meat is a rich source of minerals, vitamins, and proteins, 
with an average daily consumption of 189g among British 
adults contributing to 19-52% of iron, zinc, selenium, and 
phosphorus. Red meat is the greatest dietary source of 
iron, with heme-iron, a complexed form, having the highest 
bioavailability. Meat and meat products account for 30% 
of the total vitamin B12 consumption in the UK. Switching 
to a vegan diet can significantly impact vitamin and 
mineral status, essential for healthy neurological function, 
immune system function, and energy metabolism (Lujuan 
et., al 2020). Minerals are necessary micronutrients for 
cellular development, function, and neuromodulation as 
well as for preserving health. Chronic illnesses, organ 
damage, metabolic problems, and even death can result 
from a deficiency in certain minerals. Mineral shortages 
affect more than 2 billion individuals globally, the majority 
of whom live in third-world nations. Pregnant women and 
infants are more susceptible to these deficits. Severe 
anemia, weakened immunity to infections, and pregnancy 
difficulties can all result from iron deficiency. In order to 
increase the intake of critical minerals—at least twenty 
are required for human biochemical processes—dietary 
variety is required. Minerals like iron and zinc, which are 
exclusively found in muscle foods, are absent from plant-
based diets. The body's iron content and bioavailable iron 
may be raised by consuming around 50g of meat, poultry, 
or fish per day (Falowo et al., 2021). 

Amino Acids 
Meat, similar to human skeletal muscle, provides amino 
acids essential for muscle growth and maintenance. 
Consuming animal protein can help prevent sarcopenia; 
the loss of muscle mass due to aging. Studies show an 
inverse relationship between frailty incidence and animal 
protein consumption. Meat also contains essential amino 
acids and bioactive metabolites, which can influence the 
gut environment. A Mediterranean diet with dietary fiber 
reduces toxic amino acid metabolites (Nina et al., 2021). 

Dietary EAAs (Essential amino acids) have been found 
to improve meat quality in pigs. Lysine, a limiting amino 
acid, is essential for growth performance and muscle 
growth. Flavor amino acids (FAAs) are also important for 
meat quality. Supplementation of FAAs, such as aspartic 
acid, glutamic acid, and arginine, can accumulate in meat. 
EAAs, such as lysine, methionine, threonine, tryptophan, 
and BCAAs, may also affect meat quality in other ways 
(Liao et al., 2024). 

Fatty Acids 
Red meat, a major source of saturated fat, has been linked 
to increased risk of cardiovascular disease and diabetes. 
To reduce saturated fat, feeding practices have been 
developed to alter the fatty acid composition of beef and 
pork. Ruminant meat contains conjugated linoleic acid and 
unique rumen-derived fatty acids, which have been linked 
to positive health effects. However, increasing unsaturated 
fat content can lead to meat products that consumers find 
unacceptable due to oxidation and less firm structure 
(Nina et al., 2021). 
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Meat, a significant fat source, has gained attention for 
its health benefits. It contains high saturated fatty acids, 
while ruminant meats are low in polyunsaturated fatty 
acids. This balance can predispose people to diseases like 
cardiovascular disease. However, meat fatty acid 
composition can be influenced by factors like animal diet, 
age, weight, sex, and breed (Ingrid et al., 2023). 

Production Losses 
The meat industry faces significant production losses and 
consumer product waste, with up to 23% of production 
lost or discarded. Consumption accounts for 64% of food 
waste, with manufacturing second at 20%. Meat 
production has the highest emissions per kilogram, 
necessitating rational management throughout the entire 
chain. New prospects for the meat business include 
turning waste into useful goods like biologics, expensive 
additives, and culinary treats. Efficient solutions must 
exist along the whole meat supply chain to decrease food 
lost and wasted (Ruigang et al., 2023). 
Meat production losses in Pakistan are influenced by 
climate change, disease outbreaks, and inadequate feed 
resources. Rising temperatures negatively impact 
livestock growth and production rates, while over 30% 
deficiency in crude protein and total digestible nutrients 
exacerbates productivity losses. Advancements in 
livestock management and disease control could 
potentially mitigate these losses and enhance Pakistan's 
overall productivity and food security. 

In 2019, 18 billion animal lives were lost due to meat 
loss and waste, emphasizing the need to address 
production losses and food waste for improved animal 
welfare. Producer welfare losses vary by type, with poultry 
experiencing the lowest losses due to fewer processing 
plants and smaller own-price elasticity. China's 
normalized total meat loss rate was 6.4%, or about 4.9 
million tons, representing significant protein and energy 
losses in the supply chain. Future dietary structural 
changes and environmental issues necessitate specific 
attention and mitigation actions to address this growing 
loss (Ruigang et al., 2023). 

Global Import and Export Status  
The global meat trade is crucial for meeting the growing 
population demands and is influenced by factors such as 
changing consumer tastes and market access restrictions. 
In 2020, 337.2 million tons of meat were produced 
globally, with 36.6 million tons intended for export. The 
growing middle class in developing nations contributes to 
the increased demand for meat products. Brazil, the United 
States, and China are the largest producers of chicken 
meat, accounting for over half of exports and 46% of global 
production. However, imports are still essential to satisfy 
consumer demand, with China and Brazil growing 
production capacities. The global meat and dairy trade is 
interconnected, with the anticipated doubling of milk 
exports from wealthy nations. Despite its expansion, the 
global beef trade faces challenges such as trade disputes, 
market access obstacles, and geopolitical conflicts. China's 
increasing global meat suppliers impact import demand 
and the competitiveness of U.S. meat exporters. 
Addressing these issues requires creative solutions and 
international collaboration (Enahoro et al., 2021). 

Impact of Meat Wastage on Global Import & Export 
Status   
Meat wastage is defined as the decrease in the amount of 
edible food mass that happens throughout the meat supply 
chain from the processing & production stages to the 
consumption stage. It brings attention to the need of 
innovative methods to cut waste while improving the 
value of meat products (Mohan & Long, 2021). Meat 
wastage is a crucial issue within the global food system. 
The Food and Agriculture Organization estimates that 
every year, over 20% of the world's meat production is 
wasted. This waste occurs throughout the entire supply 
chain, from the production phase through the 
consumption phase (Attila et al., 2019). 

Figure 1 
Food losses & food waste in the meat market in the European 
Union in 2011 corresponding to the food chain stages 

 

Meat waste reduces marketable volumes, lowers export 
competitiveness, and increases import dependence, in 
addition to its environmental & ethical impacts. While 
64% of all food loss occurs at the consumer level, about 
23% of the meat industry's output is wasted or lost 
(Karwowska et al., 2021). It is necessary to comprehend 
the complex relationship between waste and trade in 
order to develop sustainable solutions in the global meat 
market. About 1.7 million tons of meat are wasted annually 
in the European retail industry, with 20% of the meat that 
could be consumed going to waste. Thirty-three percent of 
all meat waste in Europe comes from the processing and 
retail stage (Pinto et al., 2022) 

Economic Implications of Meat Wastage on Trade 
Countries with high meat waste rates have lower 
exportable surpluses. This makes them less competitive on 
the world market. For example, Brazil which is a major 
meat exporter predicted yearly economic losses from meat 
waste of more than $2 billion in 2020. Wasted meat makes 
domestic markets scarcer, which forces imports to keep up 
with demand. India and other developing nations 
frequently depend on imports to fill the gaps left by post-
harvest losses and supply chain inefficiencies (Meat 
Market Report, 2021). Due to reduced shelf life and 
quality, meat spoiling impacts trade and imposes major 
financial losses globally. These losses get severe by poor 
preservation techniques, which have an effect on the meat 
and meat product trade and economy. 

Meat Processing Methods 
Meat processing is a critical component of the food 
industry, ensuring the transformation of raw animal 
products into a diverse array of consumable goods. In 
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order to improve the safety and preservation of meat as 
well as its flavour, texture, and nutritional value, a variety 
of methods are used. It encompasses various techniques 
each with its unique advantages and challenges (Zhou et 
al., 2012)  

Traditional Meat Processing Methods 
Cutting and Grinding  
Two fundamental yet crucial meat processing techniques 
are cutting and grinding. Cutting is the process of dividing 
meat into smaller, easier-to-handle chunks, which is 
necessary for packaging, portion control, and additional 
processing. The process of grinding, on the other hand, 
reduces the size of meat particles and is frequently utilized 
for goods like minced beef, burgers, and sausages. 
Although it might affect texture and moisture retention, 
grinding improves seasoning absorption by increasing 
surface area. However, a mushy texture which is 
undesirable in some beef products, might result from 
excessive grinding. A multi-stage method is used by 
contemporary meat grinders, including the ones outlined. 
This involves cutting and then grinding the flesh. The total 
effectiveness and calibre of the minced product are 
enhanced by this technique (Travis et al., 2024). 

Curing 
Applying salt, nitrates, nitrites, and sugar to meat is known 
as curing. It is an ancient method of preserving meat. This 
method aids in meat preservation, flavour enhancement & 
colour development. The curing agents extend the shelf life 
by preventing oxidation & microbiological growth. 
Although curing works, there are health risks linked to it, 
especially when nitrite is consumed. For this reason, 
natural curing agents have been developed as alternatives 
(Harris, 2009). Cured meats, like ham and bacon, get their 
distinctive taste from chemical reactions occurring during 
the curing process. However, consuming excessive 
amounts of them has been associated with an increased 
risk of developing cancer since cooking produces 
chemicals which lead to cancer (Bingham et al., 2002). 

Smoking  
Smoking is commonly combined with curing and drying to 
extend the meat's shelf life. Smoking provides the meat 
unique flavours and colours while also having 
antibacterial properties. Phenolic compounds present in 
wood smoke aid in preventing the growth of decaying 
microbes. However, factors such as the type of wood, 
smoking temperature, and exposure time affect the 
amount of smoke absorption and the chemical 
composition of the smoke (Lorenzo et al., 2015).  The 
concentration of organic acids and total phenols rises as a 
result of higher temperatures during smoking (Rekanović, 
2024). 

Fermentation 
One of humanity's earliest methods of food preservation is 
microbial fermentation. When a strain of microbial flora 
develops successfully, it overpowers and displaces other 
unwanted microbes. This results in fermented meat 
whose metabolites help give it the right sensory qualities. 
Fermented meats come in a wide range of variations, 
depending on the country, area, climate, heritage, and  

culture. As a result, fermentation is carried out using 
varying quantities of raw ingredients, spices, condiments, 
and processing times (Toldrá, 2001).  

Modern Meat Processing Technologies 
High-Pressure Processing (HPP) 
High-Pressure Processing (HPP) is a non-thermal method 
for preserving meat by inactivating harmful microbes 
without altering flavor, color, or nutritional content. It has 
gained popularity in the meat, poultry, and seafood 
industries for preserving freshness and meeting 
regulatory requirements, particularly in stabilizing cured 
and ready-to-eat meats (Patterson et al., 2012). 

Figure 2 
Industrial HPP machines in different food industries 
(Campus, 2012) 

 

Thermal Processing 
Thermal processing methods, such as pasteurization, 
sterilizing, and frying, use heat to get rid of harmful 
microbes from meat. These methods are commonly used 
for ready-to-eat meats, canned meats, and sausages. 
Although thermal treatments are useful for guaranteeing 
food safety, they can also result in unfavourable 
alterations to the nutritional value, flavor, and texture of 
food. Water-soluble vitamins such as vitamin C and B 
vitamins, can be lost due to overheating, which can also 
denaturize proteins HPP is being evaluated for its impact 
on muscle proteomes, with ideal processing factors 
determined for meat items and sauces. Gram-negative 
bacteria are more susceptible, making HPP a suitable final 
processing step for safer food items. It can extend 
refrigerated shelf life and remove food-borne pathogens 
without affecting color, flavor, texture, or moisture. HPP 
and thermal processing are being combined for individual 
sterilization in food items (Buckow et al., 2014) 

Pulsed Electric Field (PEF) 
A developing technique called pulsed electric field (PEF) 
uses electrical currents applied between two electrodes to 
create electroporation which enables a non-invasive 
alteration of the structure of tissues. Preservation, 
tenderization, and aging are just a few of the processes that 
PEF treatment can enhance. The pulsed electric field (PEF) 
is regarded as a very promising non-thermal method for 
food preservation and quality enhancement. The 
technique applies electric field pulses with an intensity of 
0.1–80 kV/cm and a brief duration (a few nanoseconds to 
a few milliseconds) to food that is enclosed between or 
passed through two electrodes. (Buckow et al., 2013). PEF 
has also been reported to improve drying, speed up curing, 
and lower the quantity of pathogens and spoilage 
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organisms in meat, however this requires rigorous 
processing conditions. (Bhat et al., 2018) 

Figure 3 
Application of PEF on meat & fish (Gómez, 2019) 

 

Sous-Vide Processing 
Sous-vide (SV) is a cooking technique that involves 
cooking vacuum-packed ingredients under regulated 
temperature and time conditions. It was initially used to 
prolong food items' shelf life. SV incorporates techniques 
such as prolonged process time, low temperature, and 
vacuum conditions to restrict adverse changes. It requires 
longer heating times and temperatures ranging from 50 to 
85°C. Heat treatment conditions depend on factors like 
meat type, cut size, intramuscular connective tissue, and 
myofibrillar protein components (Ismail et al., 2019).  

Combining SV with non-thermal techniques like 
electron beams, gamma irradiation, hydrostatic pressure 
processing, and ultrasound can enhance meat's juiciness 
and tenderness without overcooking. Histological 
investigations show that sous-vide processing at different 
temperatures improves overall texture and preserves vital 
elements like vitamins and minerals. By regulating the 
cooking process, sous-vide preserves meat's nutritional 
value while improving its flavor (Alam et al., 2024). 

Meat Preservation Methods 
Meat preservation aims to improve quality, eliminate 
bacteria, and extend shelf life. Traditional techniques are 
divided into temperature, moisture, and inhibitory 
processes. Antimicrobial principles can be used in each 
technique, with each control procedure acting as a 
"hurdle" to prevent microorganism growth. Combinations 
of these techniques can be developed to achieve specific 
goals for both microbiological and organoleptic quality 
(Rahman et al., 2023). 

Traditional Meat Preservation Methods 
Salting and Drying 
Salting meat lowers its water activity and stops microbes 
from growing, making it one of the oldest methods of meat 
preservation. Salt also acts as a preservative by drawing 
moisture out of the meat. This reduces the possibility of 
bacterial growth and rotting. This method is commonly 
combined with drying, either by air-drying or smoking. 
However, the high sodium content in salted and dried 
meats can have detrimental effects on health, including 
hypertension and cardiovascular issues, even if they are 
beneficial for long-term preservation (Toldrá, 2006). 

 

Freezing 
A popular preservation technique is freezing, which 
lowers the meat's temperature below freezing to inhibit 
enzymatic and microbiological reactions. This procedure 
helps maintain the nutrition, texture, and quality of meat, 
especially when it comes to beef, pork, and chicken. But 
there are some disadvantages to freezing as well. During 
freezing, ice crystals form inside the flesh cells. When these 
crystals thaw, they can tear the muscle fiber, causing 
moisture loss and changes in texture called freezer burn 
which can degrade meat quality (Leygonie et al., 2012). 

Modern Meat Preservation Methods 
Tray and Overwrap 
A common method applied for retail meat is to wrap it in 
plastic film that helps allowing some gaseous exchange. It 
keeps the products visible while preventing it from 
contamination of impurities. As usually, overwrapping 
needs plastic films, which play and act as a barrier against 
the moisture and oxygen and are mandatory for obtaining 
the desired quality of meat. This technique, which is most 
frequently applied to poultry, entails placing the meat on a 
tray and wrapping it with the use of plastic wrap. Although, 
it is easy to applied and reasonably costly, it provides 
protective defense against spoiling (Maheswarappa et al., 
2015). 

Vacuum Packaging  
Vacuum packing is the process of assembling a product in 
a high-barrier container with air removed to stop the 
growth of aerobic spoilage organisms, shrinkage, 
oxidation, and color deterioration. By eliminating air from 
the package, this technique prolongs shelf life by lowering 
oxygen levels that may encourage spoiling. According to 
studies, vacuum-packed meat frequently has higher 
juiciness and tenderness ratings than MAP, which could 
influence consumer preference (Ząbek et al., 2021). 
Vacuum Packaging has a preservative effect because it 
creates an oxygen-deficient environment that severely or 
completely inhibits potential spoiling organisms. Large 
boneless joints are packed in flexible plastic bags using the 
vacuum packaging technique to keep moisture out and 
keep oxygen out of the meat samples. For vacuum 
packaging, the plastic films must be tough enough to 
support hefty meat joints and have low gas and moisture 
penetration (Seideman & Durland 2007).  

Aseptic Packaging 
To get rid of pathogens, the meat is cooked at 
temperatures between 140 and 150°C. To prevent from 
reinfection, the meat is packed in airtight containers after 
sterilization. To ensure that the sterilized meat is sealed 
into sterile containers without contacting with impurities, 
a variety of aseptic fillers are utilized. Depending on the 
product requirements, aseptic packaging can make better 
use of materials including flexible pouches, paperboard 
cartons, and metal cans. Packaging materials that has to be 
employed must have barriers to light, oxygen, and 
moisture to maintain product quality. Convenience and 
safety are the desired features for the tremendous demand 
for shelf-stable meat items, especially in the Asia-Pacific 
area. Sustainable packaging materials are attaining more 
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focus, yet recycling problems still persist in various areas 
(Hwang et al., 2015). 

Chilled Vacuum Packaging 
Recent studies show, better hygienic practices and 
packaging techniques have enhanced the shelf life of 
chilled vacuum-packed beef from 14 weeks to almost 28 
weeks. Lactic acid bacteria are the most commonly found 
bacteria in vacuum-packed beef, as they rise in low-oxygen 
conditions and aid in preserving the meat. (Sumner et al., 
2021). It has been shown that thermoforming vacuum 
packaging can lower down the lipid oxidation and 
preserve ground beef pigments while it is kept for storage. 
The meat color metrics are impacted by the composition of 
storage time and packaging type, suggesting that 
appropriate packing aids in preventing quality 
degradation (Bernardez-Morales et al., 2024). 

Retort Pouch Packaging and Caning 
Thermally processed canned meat items are hermetically 
packaged into sealed containers, often tin coated steel 
cans, to prevent air exchange. Sterilized products have 
shelf stability and require heating at a minimum of 101°C. 
They remove or place all living microorganisms. Retort 
cookers process canned items at pressures between 12 
and 15 psi. Retort pouches, flexible, laminated multi-layer 
pouches, have been replaced by metal cans for moisture 
and gas barriers. Foil-laminated retort pouches are lighter, 
less costly, and more efficient for distribution and 
marketing.  

Modified Atmosphere Packaging (MAP) 
Modified atmosphere packaging (MAP) is a method that 
removes or replaces the atmosphere surrounding a 
product before sealing in vapor-barrier materials. It uses 
three primary gases: oxygen, carbon dioxide, and nitrogen 
to prevent anaerobic growth, inhibit microorganisms, 
yeast, and molds, and prevent package collapse. MAP 
offers numerous benefits for maintaining market quality 
and safety of meat products, slowing down life processes. 
Success depends on factors like initial product quality, 
hygiene, packaging material selection, gas mix, reliable 
equipment, and controlled temperatures and humidity 
levels (Singh et al., 2011).  

Figure 4 
Modified Atmosphere Packaging of Meat 

 

Irradiation 
Irradiation technology is a highly effective method for food 
preservation, removing harmful bacteria without 
compromising the food's nutritional value or organoleptic 
properties. It efficiently lowers microbial contamination 

and increases the meat's shelf life by destroying DNA and 
cell membranes. Irradiation can be applied continuously, 
regardless of temperature, humidity, or pressure during 
the food sterilization process. When microbial spoiling is a 
limiting issue, irradiation can extend the shelf life of food. 
Irradiation can speed up the oxidation of lipids and 
proteins, particularly sulfur-containing amino acids and 
unsaturated fatty acids, while decreasing the quantity of 
microorganisms and prolonging the shelf life of meat. It 
impacts both sarcoplasmic and myofibrillar proteins. 
However, its impacts on meat quality must be carefully 
considered. Strategies to maintain the general quality and 
customer acceptance of irradiated meat products include 
maximizing irradiation doses, using appropriate 
packaging techniques, and monitoring lipid oxidation. 
Overall, irradiation technology offers benefits for food 
safety and shelf life, but its impact on meat quality must be 
carefully considered (Kim et al., 2024). 

Interaction of Meat-Packaging Materials and its Effect 
on Meat Quality  
Canning and Retort Pouch Packaging 
Packaging for meat and its products is influenced by 
various factors, including polymer shrinkage, strength, 
thickness, oxygen and moisture transmission, and shelf 
life. Successful packaging depends on how the product 
inside and packaging materials interact with other display, 
production, and distribution factors. Factors such as 
pigment globin state, harvest duration, storage 
temperature, muscle placement, headspace, and exposure 
to heat or light can affect the quality of the product. 
Packing materials can cause flavor scalping, which can lead 
to loss of desired flavor and transfer of unwanted 
chemicals. Polyethylene materials are the most common 
cause of flavor scalping, which degrades food integrity and 
undermines customer trust in packaged foods. Packaging 
components with absorption and barrier controls can help 
address these issues. Elevated oxygen levels in food 
packaging can significantly reduce meat shelf life due to 
color changes, microbial development, lipid oxidation, and 
nutrition loss. Low oxygen MAP can improve flavor 
intensity and tenderness while preventing off-flavors. 
Carbon dioxide, which prevents microorganism growth, is 
used in packaging to prevent microbial growth and 
enhance shelf life. Nitrogen filling is used to preserve pack 
shape or lower gas concentration. The gaseous 
environment surrounding meat and meat products can 
vary due to muscle respiration or microbe metabolism 
(Maheswarappa et al., 2015). 

Active Packaging 
Active packaging uses natural extracts like citrus and 
essential oils for antimicrobial and antioxidant properties. 
Biodegradable films with Andız shell extract can lower 
microbial growth in fresh meat during storage. 
Nanotechnology can improve oxidation and 
microbiological growth in muscle meats by adding 
nanoscale active ingredients to polymeric matrices. 
Customized active packaging solutions are in high demand 
in cultural contexts like China and New Zealand, using 
multifunctional active chemicals and sustainable polymers 
to meet consumer and environmental requirements (Li et 
al., 2022). 

https://pmc.ncbi.nlm.nih.gov/articles/PMC11222703/#B24
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Smart Packaging 
Both quantitative and qualitative sensors are employed in 
intelligent or smart packaging to track the integrity of the 
meat. For instance, pH sensors made from natural sources, 
such as red spinach extract, might signal freshness by 
observable color alterations (Supardianningsih et al., 
2023). 

It has been demonstrated that active ingredients, such 
as garlic extract, can successfully maintain meat integrity 
by preventing microbial growth; the best ratios for this 
purpose have been found. Bromo Phenol Blue and other 
color-changing indications give consumers visual clues 
about the freshness of meat, enabling them to rapidly 
evaluate quality (Dirpan & Hidayat, 2023). By 
communicating information about product conditions, 
smart packaging technologies can have enhanced 
consumer confidence and traceability (Fazliddinovich, 
2022).  

Overview of Meat Packaging and its Significance in 
Food Preservation 
Meat packaging is more than just for the purpose of 
retaining food, as the packaging used plays a critical role in 
the way that food is preserved which directly affects shelf 
life and nutrient availability. Packaging materials that are 
superior will reduce the oxygen and moisture exposure 
needed for spoilage and deterioration in meat quality. 
Vacuum packaging for example dramatically reduces 
aerobic bacterial growth, leading to greater freshness and 
safety of storage. In addition, gas flushing technologies that 
employ modified atmospheres are also beneficial in the 
preservation of color and texture and will also help 
prevent loss of key nutrients. Advanced Packaging 
Methods Just like sous vide cooking (use of low 
temperature will increase the safety and shelf life) raises 
the bar for not only taste but also acceptance among 
consumers, similar techniques of application. Therefore, 
inter-doother among meat packaging techniques and 
preservation process is fundamental for the satisfaction of 
current food safety requirements on the one side as well 
consumer need (Misu et al., 2024).  

Comparison of Traditional Vs. Modern Packaging 
Materials  
Packaging development has had a profound effect on meat 
preservation the evolution of packages, from ancient ways 
versus current innovation packaging at least traditional 
ones (plastic wrap or butcher paper) offer the minimum 
barrier against physical contaminants but no microbial 
protection beyond that. Conversely, contemporary 
packaging trends considered (MAP and under vacuum 
packaging in a plastic bag) utilize advanced techniques 
that advanced the efficiency in preserving meats. For 
example, that can both cook a package of vacuum-sealed 
meats to precision, centered on keeping the utmost 
nutritional values and sensory qualities therefore creating 
this latest extension on shelf-life for meat. Analysis of 
Research also suggests that the modern bio packaging 
materials based on biopolymers can increase the quality of 
meat under appropriate storage conditions and improve 
industry sustainability That comparative analysis of 
course shows how modern meat packaging does not just 
work to save the meat, but also fit into consumer demand 
for healthier and safer food (Thathsarani et al., 2022).  

Impact of Packaging on Shelf-life Stability 
While many environmental factors are responsible for the 
shelf stability of meat products packaging, which includes 
control on oxygen; moisture level and microbial 
contamination respectively. Effective packaging not only 
acts as a barrier from outside, but helps to the hygiene of 
products as well and preserve the nutrition. For instance, 
advanced package technologies such as vacuum, modified 
atmosphere packaging have been identified to 
significantly decrease the count of spoilage 
microorganisms and enzymatic reactions that spoil meat 
quality 8. In addition, natural packaging preservation has 
been investigated as a new technology to translate 
consumer need for healthier options with extended shelf 
life. It is also aimed at extending the sensory properties 
and nutritional value of meat products without 
compromising with freshness by incorporating natural 
antimicrobials or antioxidants in the packaging.  

Packaging Materials for Meat Products Based on 
polymers and Shungite 
The creation of antibacterial polymer composite materials 
to enhanced meat items shelf life. For the reason of 
packaging meat products, polymer compositions and 
packaging materials with different shungite contents were 
developed. The ideal quantity of shungite in the polymer 
composition to enhanced the shelf life of meat products 
was established based on the testing findings. The results 
of the studies showed that, in comparison to the package 
made of pure polypropylene, the package made of a 
composite material containing polypropylene and 20% 
shungite inhibit the growth of microorganisms on the 
surface of chilled beef and chicken. Additionally, using the 
created materials provides the actual three-day 
improvement in shelf life. (Kirsh et al., 2024). 

Impact of Agricultural By-products-based Packaging 
Material Impact on Meat Shelf-life  
The study developed an environmentally friendly 
bionanocomposite film for meat packaging using inedible 
agricultural waste and cellulose nanoparticles (CNPs). The 
film was tested using X-ray crystallography, FTIR, SEM, 
and agar disc diffusion tests. The results showed that the 
CNPs were evenly distributed throughout the film, 
enhancing tensile strength and Young's modulus. The 
nanocomposites also had antimicrobial activity, limiting 
spoilage microbes. The CNP-CS films were found to be a 
main alternative for traditional food package materials, 
with lower bacteria growth compared to nylon materials 
after 8 days of storage (Mirhosseini et al., 2024). 

Antioxidant and Antimicrobial Coatings and Edible 
Films in the Chicken Meat Shelf-life Improvement 
Meat degradation during manufacturing, distribution, and 
display can compromise product integrity and safety, 
affecting industry and consumer health. To address this, 
research has explored decontamination protocols and 
packaging techniques. Edible coatings and films made 
from biopolymers or natural resources, combined with 
active ingredients, have been studied for their impact on  
chicken flesh's shelf-life, physicochemical, microbiological, 
and sensory properties. The primary results include 
enhanced sensory quality, shelf-life (from 4 to 12 days), 
lipid oxidation breakage, and reduced microbial growth 
and pathogen survival (Moura-Alves et al., 2023).  
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Role of Different Packaging in Meat Shelf-life Stability 
and Nutritional Retention  
Packaging of meat products is a crucial in maintaining both 
shelf stability as well preserving crucial nutritional 
integrity. As the worldwide meat consumption grows 
more, appropriate packing solutions are of high 
importance in meeting consumer needs for safety, 
freshness and quality. Numerous packaging strategies 
including vacuum packing, modified atmosphere 
packaging and immersed wrapped packaging have a major 
effect on the biochemical processes that can result in 
spoilage or nutrient degradation. And, the packaging itself 
(whether it be plastic, biodegradable materials or a natural 
paper) will have the meat on its direct exposure to oxygen, 
moisture and microbial contamination. It is for this reason 
that the interaction between packaging techniques and 
meat preservation benefits both in terms of prolonging 
shelf life of products and lessen waste relating to food 
wastage. The examination of different packaging types 
discusses a cornerstone research topic to improve meat 
quality and sustainability challenge for the food industry 
(Konuk et al., 2024). 

Analysis of how different packaging methods affect 
microbial growth and spoilage 
The microbial growth and spoilage in meat products is 
strongly moderated by packaging, hence affects its quality 
& shelf-life as well as nutrient retention. Conventional 
packaging approaches are powerless to reduce microbial 
load in food items, thus providing an environment for 
pathogens to thrive and increased risk of food borne 
illness. On the other hand, vacuum/packaging and MAP 
technologies are examples of advanced packaging 
strategies that have been shown capable of slowing 
microbial growth by modulating oxygen content and 
organism’s spoiling metabolic activity. Bio preservation 
and natural antimicrobials have been considered as 
complementary to these packaging methods, supporting 
an additional barrier against microbial growth while 
maintaining sensory characteristics of the meat. According 
to review on preserve strategies, simultaneously approved 
these packaging tricks and also edible films/coatings save 
the ability to usher the antimicrobials with surface of meat 
directly, this increases freshness and also throughput 
(Konuk et al., 2024). 

Nutritional Retention in Packaged Meat 
As the demand for fresh and healthy meat stays high, the 
importance of packaging on nutritional retention is big. 
Different packaging techniques such as vacuum packing 
and freeze-drying had profound effects on preventing 
chemical degradation in the meat essential nutrients. To 
be more exact, according to research as a function of 
storage treatments revealed that vacuum packaging 
resulted in a pronounced decrease in certain saturated, 
monounsaturated and polyunsaturated fatty acids. which 
are not included in Table 1 in total five fatty acids. This 
finding emphasizes, not just how meat is wrapped but also 
the long-term impression on nutrition quality when done 
so. Put another way, the packaging material selection helps 
to suppress oxidation which is quite important for 
nutritional quality of meats. For this reasons, superior 
packaging technologies must be used for nutritional value 

and quality of packaged meat which, since it has to please 
health consumers, extend the shelf life (Dalle et al., 2022) 

Influence of Packaging on The Retention of Essential 
Nutrients in Meat Products 
Packaging plays a crucial role in retaining vital nutrients in 
meat products, as they are perishable. Active packaging 
systems using natural chemicals like essential oils have 
shown potential in improving meat nutritional stability. 
Biodegradable substances like antioxidants help prolong 
shelf life and reduce waste, benefiting the food industry. 
Subsequent advancements, such as sous-vide cooking 
techniques, have been recognized for preserving meat's 
natural flavors and nutrients, surpassing traditional 
methods that typically result in nutrient loss (Fonseca et 
al., 2015). 

Future Perspective of Different Packaging Materials  
Significant Challenges for Meat Products 
Meat products are a rich source of protein, essential 
nutrients, vitamins, minerals, and water, which are 
beneficial for human health. However, their high water 
activity promotes the growth of harmful microorganisms, 
making them perishable. Meat quality and shelf life are 
influenced by factors like color, flavor, odor, texture, and 
storage conditions. Meat color plays a significant role in 
customers' purchase decisions, and preservation can be 
achieved through vacuum packaging, modified 
atmosphere packaging, and additives like salt and nitrite. 
Meat's red color comes from myoglobin, a complex muscle 
protein, which undergoes oxidation-reduction processes 
to give it its color (Wongphan et al., 2024). 

Natural Polymers in Food Packaging 
Biopolymer-based biodegradable films have emerged as a 
viable alternative to traditional polymers due to 
environmental concerns. In 2020, 0.99 million tons of bio-
based plastics were used in food packaging, accounting for 
47% of total production. Biopolymers are profitable due to 
abundant raw materials and agricultural waste utilization. 
Proteins, carbohydrates, and their derivatives are 
researched nanocomposite biomaterials for food 
packaging. Starch and cellulose-based nanocomposites 
offer eco-friendly alternatives and sustainability goals. 
Edible films and coatings with cellulose derivatives like 
galactomannans, alginate, chitosan, and gelatin are natural 
antioxidants for fatty foods (Gil et al., 2023). 

Biodegradable Packaging  
The production of biodegradable packaging is challenging 
due to the environmental benefits of conventional plastics. 
Biodegradable packaging, such as cellulose, is more 
environmentally friendly than traditional plastics but 
often contains harmful chemical additives. 

Polylactic acid (PLA) and polyhydroxyalkanoates, 
renewable polymers, have recently entered the market but 
are not widely used in meat products. PLA, approved by 
the European Commission and GRAS Generally 
Recognized as Safe by the American Food and Drug 
Administration, is a promising option for compostable 
packaging materials. These substances can preserve food 
quality, prolong shelf life, and slow down the deterioration 
of perishable food items. Meat is one of the most 
perishable items sold in stores, and storage can change its 
safety and organoleptic qualities. To protect chilled meat 



Copyright © 2025. IJBR Published by Indus Publishers 
This work is licensed under a Creative Commons Attribution 4.0 International License. 

 
 

 

Page | 349  

Sustaining Meat Quality and Shelf-life: Comparative Review… Shehzadi, H. A. et al., 

IJBR   Vol. 3   Issue. 8   2025 

from contamination, it is usually wrapped in a polyvinyl 
chloride (PVC) plastic film and placed on amorphous 
polyethylene terephthalate. This study investigated edible 
chitosan-acid solutions containing sodium lactate, lauric 
arginate ester, and sorbic acid on PLA packaging sheets. 
LAE-treated PLA films significantly decreased the 
development of Salmonella and Listeria compared to 
controls. However, PLA films coated with chitosan, NaL, 
and SA were less effective against Salmonella (Panseri et 
al., 2018). 

Cellulose Being the most prevalent biopolymer on the 
planet, cellulose is a perfect starting point for sustainable 
packaging supplies. Packaging films can be made from 
cellulose ethers like methylcellulose, 
carboxymethylcellulose, and hydroxy propyl methyl 
cellulose. Natural sources of cellulose include cotton, 
wood, and food waste, fruit skins, cereal bran, and 
agricultural waste. Because of its diverse origins, 
biodegradability, affordability, and environmental 
friendliness, cellulose is frequently chosen as a material 
for packaging. Cellulose has advantageous organoleptic 
qualities and sensory in addition to being biodegradable 
and edible; as a result, it can be utilized to encapsulate 
bioactive ingredients to improve the nutritional value of 
food items (Gil et al., 2023). 

Starch due to its abundance, affordability, 
biodegradability, and renewability, Starch is among the 
most significant biodegradable polymers. As starch-based 
films offer exceptional film-forming capabilities, distinct 
gelatinization qualities, and are colorless, tasteless, and 
odorless, they have been utilized in food packaging and 
preservation methods. Because starch-based films have 
strong organoleptic and gas barrier qualities, they have 
been widely employed in the packaging of various food 
products up to this point, including meat, fruit, oil and 
cheese. However, the hydrophile and brittleness of starch-
based materials restrict their usage and processing. To 
enhance its qualities, starch is combined with a variety of 
natural and synthetic polymers, which strengthens the 
materials' processing capabilities (Gil et al., 2023). 

Chitosan a biopolymer derived from chitin, has strong 
antioxidant and antibacterial properties for food 
packaging. Its structure influences its antibacterial action 
against gram-negative and gram-positive bacteria. 
Chitosan films contain a strong gas barrier, making them 
suitable for use with plasticizers like fatty acids or polyols. 
Gelatin, a water-soluble natural polymer, is used in various 
industries due to its biocompatibility, biodegradability, 
and commercial availability. This study aimed to create bio 
nanocomposites using chitosan and ZnO nanoparticles, 
using fresh poultry flesh as the food matrix. The bio-based 
biodegradable films showed good antibacterial activity, 
with chitosan's antimicrobial capabilities being enhanced 
by the addition of ZnO nanoparticles (Souza et al., 2020). 

Functional packaging of meat 
Antioxidant packaging  
Antioxidant packaging is a growing trend in the food 
industry, incorporating natural antioxidants like vitamins, 

minerals, and fiber from plants and plant materials to 
preserve and enhance meat. These antioxidants can 
prevent or postpone oxidation, reducing quality 
degradation in taste, odour, color, and texture. However, 
the use of synthetic compounds, nanoparticles, and natural 
extracts is also being researched. Studies have shown that 
adding cinnamon oil and rambutan peel extract to whey 
protein and cassava plant isolate films can maintain meat 
quality (Horbańczuk et al., 2019).  

Additionally, red extract of cabbage and sweet whey 
contain phenolic compounds and anthocyanin, which can 
slow down oxidation and prevent loss of meat quality. The 
interaction between natural extraction antioxidants and 
polyphenols is primarily caused by polyphenols, which can 
slow down oxidation and prevent loss of meat quality 
(Wongphan et al., 2024).  

Antimicrobial packaging  
Microorganism development impacts food safety, shelf life, 
and quality. Antimicrobial chemicals are added to preserve 
food quality and prolong shelf life by preventing the 
growth of microorganisms. These substances penetrate 
bacterial walls, leading to denaturation of proteins, 
disintegration of cell membranes, and cell lysis. Factors 
such as solubility, concentration gradient, and release 
ability of antimicrobial agents are crucial for their 
effectiveness (Dongo et al., 2020). 
Bioplastic polymers can be coated, extruded, or cast with 
antimicrobial agents to prevent the growth of Gram-
negative, Gram-positive, and fungal bacteria. New 
functional packaging technologies can also improve meat 
quality and shelf life. Absorbent materials like oxygen 
absorbers, ethylene absorbers, moisture absorbers, and 
anti-mold and anti-bacteria films are used to prevent 
bacteria growth and work well with moist foods. 
Antibacterial compounds like chitosan, tea tree oil, 
ethanol, cinnamon, thyme oils, and alginates are also used 
in active packaging (Laorenza et al., 2021). 
 
CONCLUSION  
Meat packaging maintains quality while preserving 
freshness and nutrients. Simple preservation techniques 
provided way to more advanced ones like vacuum sealing, 
smart packaging, modified environment packaging, and 
even biodegradable films. These methods not only extend 
the shelf life of products while maintaining their nutrition, 
flavor, and texture, but they also tackle important 
problems including sustainability, production losses, and 
food waste. Selecting appropriate packaging materials and 
methods aids in satisfying customer demands and 
preserving competitiveness in global marketplaces. 
Another problem is meeting expectations while preserving 
the environment. Advanced potential for containing meat 
while simultaneously taking care of the environment is 
offered by bioactive, intelligent, and biodegradable 
packaging. The secret to success is to properly preserve 
the safety and nutritional value of beef, meet customer 
demands while reducing waste, and deliver it in the best 
possible condition. 
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