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Webinar Housekeeping

ÅIt is important to note that all opinions and statements are those of 
the individual making the presentation and not necessarily the 
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ÅThis webinar is being recorded and will be available for access by 
IAFP members at within one week.
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Overview of the History, Uses, and 
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Food Applications
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History of Traditionally Smoking Meats



Colonial Smokehouses in Williamsburg, VA



Colonial Smokehouses in Williamsburg, VA



üUsed for centuries/millennia in cultures around 
the world

üInvolves heating wood/sawdust or other organic 
feedstocks (e.g., nut shells, coconut hulls, rice 
husks, etc.) at temperatures and/or oxygen-
limiting conditions to promote smoldering and 
prevent burning

üHardwoods are favored (e.g., mesquite, maple, 
oak, hickory, cherry, apple, beech, pecan, etc.), 
while some softwoods are acceptable

üHypoxoic fast pyrolysis being studied for its 
production (>100 publications)

History of Traditionally Smoking Meats



Benefits of Traditionally 
Smoking Meats



üDelays microbial spoilage and pathogen 
growth by the production of antimicrobials 

üDelays oxidative spoilage by the production 
of antioxidants

üEnhances color

üEnhances aroma

üEnhances flavor

üEnhances texture and promotes peeling on 
some meat products

üDries/lowers aw

Benefits of Traditionally 
Smoking Meats



ChallengesWith Traditionally 
Smoking Meats



üNatural meat smoking is not economically or 
logistically feasible in many locations and for many 
(especially small) companies

üImportant employee safety/health considerations 
during production 

üTraditional smoking imparts some metabolically 
toxic and potentially carcinogenic chemical 
byproducts to foods (e.g., PAHs [Polycyclic 
aromatic hydrocarbons]) 

×Natural smoke extract can contain >60 different 
PAHs, although formation is minimized at < 400ÁC

ChallengesWith Traditionally 
Smoking Meats



Liquid Smoke, Smoke Condensates                 
and Smoke Extracts 

aka Wood Vinegar or Pyroligneous Acid



History of Liquid Smoke

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


üGenerated by capturing natural smoke condensates from heating 
wood or other organic feedstocks (e.g., rice husks)

ühǊƛƎƛƴŀƭƭȅ ƪƴƻǿƴ ŀǎ άǿƻƻŘ ǾƛƴŜƎŀǊέ 

History of Liquid Smoke



üGenerated by capturing natural smoke condensates from heating 
wood or other organic feedstocks (e.g., rice husks)

ühǊƛƎƛƴŀƭƭȅ ƪƴƻǿƴ ŀǎ άǿƻƻŘ ǾƛƴŜƎŀǊέ 

üRoman naturalist, Pliny the Elder, recorded its use as a superior 
embalming agent (ca. 50 A.D.)

History of Liquid Smoke



üProduction from charcoal first published by German Alchemist 
Johann Rudolph Glauber (1658)

History of Liquid Smoke



üWood vinegar first called pyroligneous acid in 1788

üPopularized and first marketed in the U.S. by Missouri pharmacist 
Ernest H. Wright in 1895 ςused by farmers curing meats

üHistorically applied to meat & poultry, fish & seafood, and non-
meat foods (e.g., nuts, cheese, tofu, beans, pet food, etc.)

ü2023 global market value of ca. $93 million expected to reach $245 
million by 2033                                              
https://www.futuremarketinsights.com/reports/liquid -smoke-market

History of Liquid Smoke

https://www.futuremarketinsights.com/reports/liquid-smoke-market


Benefits of Industrial Liquid 
Smoke Application

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


üSome benefits similar to traditional smoking 
(e.g., enhances color, aroma, and flavor, & 
includes antioxidants + antimicrobials to prevent 
microbial and oxidative spoilage)

üToxic chemical compounds removed by refining 
condensates with phase separation and filtration 
(e.g., PAHs)

Benefits of Industrial Liquid 
Smoke Application

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


üReduces harmful smoke emissions in the vicinity 
during application (especially urban areas)

üReduces other employee safety/health hazards

üReduced labor costs for food application and 
cleanup 

üIncreased throughput

Benefits of Industrial Liquid 
Smoke Application

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


Production of Smoke                     
Condensates and Extracts

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


Production of Smoke                     
Condensates and Extracts

http://smokeland.eu/EN/menu/f-a-q

https://en.wikipedia.org/wiki/Liquid_smoke

http://smokeland.eu/EN/menu/f-a-q
https://en.wikipedia.org/wiki/Liquid_smoke


Production of Smoke                     
Condensates and Extracts

https://www.youtube.com/watch?reload=9&app
=desktop&v=YJUGzk03qeM

https://en.wikipedia.org/wiki/Liquid_smoke

https://www.youtube.com/watch?reload=9&app=desktop&v=YJUGzk03qeM
https://en.wikipedia.org/wiki/Liquid_smoke


üResearch done in 1960s and 1970s refined modern processing

üProduced by batch or continuous feed, typically at 450-500ÁC

üReactors include rotary ovens, heated augers, and fluidized beds

üCondenses into an aqueous phase and an oil phase, collected by 
water baths, scrubbers or shell and tube heat exchangers

üAged to increase sensory qualities

üFiltration and purification removes unwanted and harmful 
compounds (e.g., waxes, resins, terpenes, metals, PAHs, etc.)

Production of Smoke                     
Condensates and Extracts

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


Chemical Composition of Smoke 
Condensates and Extracts

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


üImportant components include water, organic 
acids (e.g., acetic, propionic), carbonyls, and 
phenols (with other compounds, e.g. furans 
and furfurals), many impart tartness

üCondensate contain ca. 400 organic 
compounds, including ca. 85 phenols, 110 
aldehydes and ketones, 65 carboxylic acids, 20 
aliphatic hydrocarbons, 80 aromatic 
hydrocarbons, as well as alcohols, esters, etc. 

Chemical Composition of Smoke 
Condensates and Extracts

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


üWood to generate liquid smoke composed 
of cellulose, hemicellulose, and lignins

üCellulose & hemicellulose (pyrolyze at 180-
350ÁC) generate organic acids & carbonyls 
(i.e., aldehydes & ketones) - impart 
sweetness, color, and antimicrobials

üLignins (pyrolyze at 300-500ÁC) generate 
phenols - impart smoky flavors, aroma,  
antimicrobials, and antioxidants 

Chemical Composition of Smoke 
Condensates and Extracts

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


Chemical, Flavor & Aroma Profiles, and  
Functionality Affected by Various Factors 

During Pyrolysis 

https://en.wikipedia.org/wiki/Liquid_smoke

https://en.wikipedia.org/wiki/Liquid_smoke


üType of wood used

üMoisture content

üParticle size

üTemperature

üO2 concentration

üVapor residence time

https://en.wikipedia.org/wiki/Liquid_smoke

Chemical, Flavor & Aroma Profiles, and  
Functionality Affected by Various Factors 

During Pyrolysis 

https://en.wikipedia.org/wiki/Liquid_smoke


Simon, et al., 2005. Composition and analysis of liquid smoke flavouring

primary products. Journal of Separation Science. 28:871-882

Chemical, Flavor & Aroma Profiles, and Functionality
Affected by Various Factors During Pyrolysis 
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primary products. Journal of Separation Science. 28:871-882

Chemical, Flavor & Aroma Profiles, and  Functionality
Affected by Various Factors During Pyrolysis 



https://en.wikipedia.org/wiki/Liquid_smoke

Commercially Marketed Condensed 
Liquid Smoke Preparations

https://en.wikipedia.org/wiki/Liquid_smoke


1. Concentrated liquids for atomizing, or 
smoke regeneration in smoking/cooking 
chambers

2. Extracts added to meat by injection or 
mixing 

3. Water-miscible solutions for direct liquid 
surface applications

4. Powders added to carriers to provide 
smoke flavor

5. Condensates to be directly added to sauces 
for meat application

Commercially Marketed Condensed 
Liquid Smoke Preparations

https://en.wikipedia.org/wiki/Liquid_smoke



Commercial Liquid Smoke 
Applications

https://en.wikipedia.org/wiki/Liquid_smoke



Rozum, J. 2014. Liquid Smoke (Smoke 
Condensate) Application. Encyclopedia of Meat 
Sciences. Vol. 3. pp. 315-320

Commercial Liquid Smoke 
Applications

üRecirculating showers or drenches



Rozum, J. 2014. Liquid Smoke (Smoke 
Condensate) Application. Encyclopedia of Meat 
Sciences. Vol. 3. pp. 315-320

Commercial Liquid Smoke 
Applications

üRecirculating showers or drenches

üSmoke regeneration (vaporization or 
atomization) - Recommended application 
rates of 1.5-3.0 kg condensate/ton meat



üRecirculating showers or drenches

üSmoke regeneration (vaporization or 
atomization) - Recommended application 
rates of 1.5-3.0 kg condensate/ton meat

üIncorporating into ingredients, breading, 
batters, other coatings

üInjecting

üSpraying, dipping, brining

üImpregnated into meat casings, stuffed and 
cooked

Rozum, J. 2014. Liquid Smoke (Smoke 
Condensate) Application. Encyclopedia of Meat 
Sciences. Vol. 3. pp. 315-320

Commercial Liquid Smoke 
Applications



Regulatory Status of Liquid Smoke 
Application for Meats and Poultry

https://en.wikipedia.org/wiki/Liquid_smoke



Classified as a Generally 
Recognized as Safe (GRAS) 

compound by the FDA

Regulatory Status of Liquid Smoke 
Application for Meats and Poultry

https://en.wikipedia.org/wiki/Liquid_smoke



Regulatory Status of Liquid Smoke 
Application for Meats and Poultry

https://en.wikipedia.org/wiki/Liquid_smoke



άΦ Φ Φ ǘƘŜ ƭŀōŜƭƛƴƎ ƻŦ ƴŀǘǳǊŀƭ ǎƳƻƪŜ ŦƭŀǾƻǊƛƴƎǎ ƛǎ 
covered by 9 Code of Federal Regulations 317.2 
(j) (3) and 381.119 (a) and by Policy Memo 117, 
"Smoke Flavoring." Natural smoke flavoring 
may not be listed as "natural flavor" or "flavor" 
in the ingredients statement. It may be declared 
as "natural smoke flavoring" or "smoke 
ŦƭŀǾƻǊƛƴƎΦά
https://ask.usda.gov/s/article/askFSIS-Public-Q-A-sf

Regulatory Status of Liquid Smoke 
Application for Meats and Poultry

https://en.wikipedia.org/wiki/Liquid_smoke

https://ask.usda.gov/s/article/askFSIS-Public-Q-A-sf


ά²ƘŜƴ ŀƴ ŀǊǘƛŦƛŎƛŀƭ ǎƳƻƪŜ ŦƭŀǾƻǊƛƴƎ ƻǊ ŀ ǎƳƻƪŜ ŦƭŀǾƻǊƛƴƎ ƛǎ 
added as an ingredient in the formula of a meat food 
product, as permitted in part 318 of this subchapter, there 
shall appear on the label, in prominent letters and 
contiguous to the name of the product, a statement such 
ŀǎ άArtificial Smoke Flavoring Addedέ ƻǊ άSmoke Flavoring 
AddedΣέ ŀǎ Ƴŀȅ ōŜ ŀǇǇƭƛŎŀōƭŜΣ ŀƴŘ ǘƘŜ ƛƴƎǊŜŘƛŜƴǘ 
statement shall identify any artificial smoke flavoring or 
smoke flavoring so added as an ingredient in the formula 
ƻŦ ǘƘŜ ƳŜŀǘ ŦƻƻŘ ǇǊƻŘǳŎǘΦέ
https://www.ecfr.gov/current/title -9/chapter-III/subchapter-A/part -317/subpart-A/section-317.2

Regulatory Status of Liquid Smoke 
Application for Meats and Poultry

9 CFR 317.2 (j) (3)

https://en.wikipedia.org/wiki/Liquid_smoke

https://www.ecfr.gov/current/title-9/chapter-III/subchapter-A/part-317/subpart-A/section-317.2


Regulatory Status of Liquid Smoke 
Application for Meats and Poultry

9 CFR 317.2 (j) (3)
However. . .

https://en.wikipedia.org/wiki/Liquid_smoke



άaŜŀǘ ƻǊ ǇƻǳƭǘǊȅ ǇǊƻŘǳŎǘǎ ǿƘƛŎƘ ƘŀǾŜ ōŜŜƴ 
exposed to natural liquid smoke flavor which has 
been transformed into a true gaseous state by the 
application of heat or transformed into vapor by 
mechanical means, e.g., atomization, may be 
ƭŀōŜƭŜŘ άSmokedΦέέ
USDA, FSIS. 2024. Food Standards and Labeling Policy Book.
https://www.fsis.usda.gov/sites/default/files/import/Labeling -Policy-Book.pdf Rozum, J. 2014. Liquid Smoke (Smoke 

Condensate) Application. Encyclopedia of Meat 
Sciences. Vol. 3. pp. 315-320

Regulatory Status of Liquid Smoke 
Application for Meats and Poultry

9 CFR 317.2 (j) (3)
However. . .

https://www.fsis.usda.gov/sites/default/files/import/Labeling-Policy-Book.pdf


Regulatory Status of Liquid Smoke 
Application for Fish and Fishery Products

21 CFR 123.3 (s)

https://en.wikipedia.org/wiki/Liquid_smoke



ά{ƳƻƪŜŘ ƻǊ smoke-flavoredfishery products means 
the finished food prepared by:
(1) Treating fish with salt (sodium chloride), and
(2) Subjecting it to the direct action of smoke from 
burning wood, sawdust, or similar material and/or 
imparting to it the flavor of smokeby a means such 
as immersing it in a solution of wood smokeΦέ
https://www.ecfr.gov/current/title -21/chapter-I/subchapter-B/part-123

Regulatory Status of Liquid Smoke 
Application for Fish and Fishery Products

21 CFR 123.3 (s)

https://en.wikipedia.org/wiki/Liquid_smoke

https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-123


USDA, Agricultural Research Service 
Eastern Regional Research Center Å Wyndmoor, PA

Thank You for Your Attention
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Revolutionizing Food Preservation With 
Innovative Clean Label Smoke Technology

Multifunctional 
Smoke Systems for 
Antimicrobial and 
Antioxidant efficacy 
in Food Application
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Smoke solutions for meat 
and poultry preservation

1. Why smoke?

2. Issues in safety and quality of meat ?

3. How smoke can preserve meat?

4. Delaying spoilage: Fresh poultry

5. Shelf-life extension and Listeria control: 

Frankfurters

6. Salmonella control in fresh poultry

7. Sensory validation

8. Other applications - Beverages

Fresh Poultry

Frankfurters

Salmonella control

Beverages
ÉKerry 2024 | 52
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Bacteria impacting the meat safety and stability

Defects Meat product Causative Bacteria 

Slime Meats

Pseudomonas, Lactobacillus, 

Enterococcus, Weissella, 

Brochothrix

H2O2 Greening Meats
Weissella, Leuconostoc, 

Enterococcus, Lactobacillus

H2S Greenin Vacuum Packaged Meats Shewanella

H2S Production Cured Meats Vibrio, Enterobacteriaceae

Sulfide Odor Vacuum Packaged Meats Clostridium, Hafnia

Cabbage Odor Bacon Providencia

Putrefaction Ham Enterobacteriaceae, Proteus

Bone taint Whole Meats Clostridium, Enterococcus

Souring Ham
Lactic acid bacteria, Enterococcus, 

Micrococcus, Bacillus, Clostridium

Nychas et al. (2008)

Common Defects in Meat Products & Causal Bacteria

Risk Causative Bacteria

INFECTION
Salmonella, Campylobacter jejuni, 

Listeria monocytogenes

Production of 

TOXINS

Staphylococcus aureus, Bacillus 

cereus, Clostridium botulinum

Microbial risk for meat safety
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How to maintain food stability and food safety

54

Delay the growth 

of spoilage 

bacteria

Inhibit the 

pathogen

Control Yeast & 

Molds
Control oxidation

Nychas et al. (2008)

ÉKerry 2024 | 54
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Smoking of poultry, fish and red meat 
has been increasing in popularity

Benefits of Liquid smoke

1. Application of liquid smoke requires less time

2. Ease of application

3. Use of liquid smoke allow the processor to 

control the concentration of smoke being 

applied ïgood reproducibility of desired 

characteristics obtained in the final product

*https://www.marketreportsworld.com/enquiry/request-sample/21011034

https://www.marketreportsworld.com/enquiry/request-sample/21011034
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Smoke 

Flavor

Variety of Components

Smoke 

flavor

Organic 

acids
Carbonyls

The Power of Smoke

Spore core

Bacterial 

Spore

Bacteria

Amino 

Group

Yeast / Fungi

Cell 

Wall

One package preservative solution

Antioxidant

Pathogen 
control

Sensorial 
acceptability
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In-vitro studies

ÉKerry 2024 | 57
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Antimicrobial efficacy in-vitro of liquid and dry smoke products

Pathogenic bacteria

Smoke A 

(Liquid) 

(%)

Smoke B 

(Liquid) 

(%)

Smoke C

(Liquid)

(%)

Smoke D

(Dry)

(%)

1 Listeria cocktail 0.25 1.0 >4.0 0.4

2 E. coli 0.20 1.0 >4.0 0.4

3 Salmonella Typhimurium 0.25 1.0 3.0 0.4

4 Staphylococcus aureus 1.50 1.0 3.0 0.4

5 Bacillus cereus 0.20 1.0 3.0 0.4

Lactic acid bacteria

6 Lactobacillus sakei 0.50 0.5 >4.0 0.1

7
Leuconostoc

mesenteroides
0.25 0.5 >4.0 0.4

Conclusion

Antimicrobial efficacy in-vitro of Smoke A> Smoke D> Smoke B > Smoke C
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Application studies
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