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Regulatory Status of Liquid Smoke for
Food Applications
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History of Traditionally Smoking Meats
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History of Traditionally Smoking Meats

U Used for centuries/millennia in cultures around
the world

U Involves 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

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

U Hypoxoic fast pyrolysis being studied for its
production (>100 publications)
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Benefitsof Traditionally
Smoking Meats
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Benefitsof Traditionally
Smoking Meats

U Delays microbial spoilage and pathogen
growth by the production of antimicrobials

U Delays oxidative spoilage by the production
of antioxidants

U En
uEn
U En
U En

nances color
nances aroma
nances flavor

nances texture and promotes peeling on

some meat products

U Dries/lowers g,
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Challenges\With Traditionally
Smoking Meats
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ChallengesWith Traditionally
Smoking Meats

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

U Important employee safety/health considerations
during production

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

x Natural smoke extract can contain >60 different
PAHSs, although formation is minimized at < ADO
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Liguid Smoke, Smoke (Condensates

and Smoke Extracts
aka Wood Vinegar or Pyroligneous Acid
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History of L/iquid Smoke

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

History of L/quid Smoke

U Generated by capturing natural smoke condensates from heating
wood or other organic feedstocks (e.g., rice husks)
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History of L/iquid Smoke

U Generated by capturing natural smoke condensates from heating
wood or other organic feedstocks (e.g., rice husks)
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U Roman naturalist, Pliny the Elder, recorded its use as a superior
embalming agent (ca. 50 A.D.)
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History of L/iquid Smoke

U Production from charcoal first published by German Alchemist
Johann Rudolph Glauber (1658)
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History of L/guid Smoke

U Wood vinegar first called pyroligneous acid in 1788

U Popularized and first marketed in the U.S. by Missouri pharmacist

Ernest H. Wright in 1895used by farmers curing meats

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

U 2023 global market value of ca. $93 million expected to reach $245

million by 2033

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

Benefits of Industrial Liquid
Smoke Application
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https://en.wikipedia.org/wiki/Liquid_smoke

Benetfits of Industrial Liquid
Smoke Application

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

U Toxic chemical compounds removed by refining
condensates with phase separation and filtration

(e.g., PAHS)
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https://en.wikipedia.org/wiki/Liquid_smoke

Benefits of Industrial Liquid
Smoke Application

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

U Reduces other employee safety/health hazards

U Reduced labor costs for food application and
cleanup

U Increased throughput
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https://en.wikipedia.org/wiki/Liquid_smoke

Production of Smoke
Condensates and Extracts

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

USDA
sl - Agricultural
Service



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

Production of Smoke
Condensates and Extracts

Condenser -~ Smoke generator

. I w

100% 32% 16% 52%
Sawdust Ash Tar Clean smoke
condensate

11
Separation of health Filtration Pure and purified smoke condensate
harmful carcinogens

http://smokeland.eu/EN/menu/fa-q
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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=YJUGzk03geM
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https://www.youtube.com/watch?reload=9&app=desktop&v=YJUGzk03qeM
https://en.wikipedia.org/wiki/Liquid_smoke

Proaduction of Smoke
Condensates and [Extracts

U Research done in 1960s and 1970s refined modern processin f
U Produced by batch or continuous feed, typically at-SH0AC

U Reactors include rotary ovens, heated augers, and fluidized be

U Condenses into an aqueous phase and an oil phase, collectedw R .
water baths, scrubbers or shell and tube heat exchangers

U Aged to increase sensory qualities

U Filtration and purification removes unwanted and harmful
compounds (e.g., waxes, resins, terpenes, metals, PAHs, etc.)
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https://en.wikipedia.org/wiki/Liquid_smoke

Chemical Composition of Smoke

Condensates and

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

Chemical Composition of Smoke

Condensates and

=Xtracts

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

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

Chemical Composition of Smoke
Condensates and Extracts

U Wood to generate liguid smoke composed
of cellulose, hemicellulose, and lignins

U Cellulose & hemicellulose (pyrolyze at 180
3504C) generate organic acids & carbonyls
(i.e., aldehydes & ketones)mpart
sweetness, color, and antimicrobials

U Lignins (pyrolyze at 36B00AC) generate
phenols- impart smoky flavors, aroma,
antimicrobials, and antioxidants
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https://en.wikipedia.org/wiki/Liquid_smoke

Chemical, Flavor:& Aroma /Profiles and
Functionality Aftected by Various Factors
During Pyrolysis
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https://en.wikipedia.org/wiki/Liquid_smoke

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

U Type of wood used

U Moisture content

U Particle size

U Temperature

U O, concentration

U Vapor residence time

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

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

Table 2. Organoleptic compounds found in LSC [34, 42].

Compound Structure Flavour
u-terpineol OH sweet, floral, lilac flavour
H.C
H,C CH,
3-hexenylbutanoate o) wine-like, green, cognac or brandy, slightly buttery flavour
P JJ\/\
= 0
4-methylguajacol O—CH, spicy, aromatic, sweet, smoky, caramel, vanilla-like
H,C OH
linalool H.C H.C= light lavender flavour
H,C CH,

Simon, et al., 2005. Composition and analysis of liquid smoke flavouring
primary products. Journal of Separation Science. 28:871-882
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Chemical, iFlavor& Aroma Profiles and Functionality
Affected by Various Factors During Pyrolysts

terpinen-4-ol H,C

pepper, woody, earthy, musty
§ CH >—CH3

endo-borneol H camphoraceous, earthy, pine

2H-1-benzopyran-2-one fragrant, resembling vanilla beans, burning taste

guaiacol phenolic, spicy, peppery hot, sweet, dry, smoky

4-methoxyguajacol phenolic, smoky, burnt, Whiskey, dry, peppery hot

\

l-eugenol

HO
CH,
CH,
OH
0.0
e
o—
OH
o—
OH
00— sweet fruity, mildly smoky, dry, peppery hot
OH

5
CCr
2%
avs
O

Simon, et al., 2005. Composition and analysis of liquid smoke flavouring
primary products. Journal of Separation Science. 28:871-882

USDA

- Agricultural

Research
Service




Commercially Marketed Condensed
Liquid Smoke Preparations
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https://en.wikipedia.org/wiki/Liquid_smoke

Commercially Marketed Condensed
Liquid Smoke Preparations

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

2. Extracts added to meat by injection or
mixing

3. Water-miscible solutions fodirect liquid
surface applications

4. Powders added to carriers to provide
smoke flavor

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

https://en.wikipedia.org/wiki/Liquid_smoke
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Commercial Liguid Smoke
Applications
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Commercial Liquid Smoke
Applications

U Recirculating showers or drenches

USDA

Rozum J. 2014. Liquid Smoke (Smoke
Condensate) Applicatiofzncyclopedia of Meat
Sciencesvol. 3. pp. 31820
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Commercial Liquid Smoke
Applications

U Recirculating showers or drenches

U Smoke regeneration (vaporization or
atomization)- Recommended application
rates of 1.53.0 kg condensate/ton meat

USDA

Rozum J. 2014. Liquid Smoke (Smoke
Condensate) Applicatiofencyclopedia of Meat
Sciencesvol. 3. pp. 31820
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Commercial Liquid Smoke
Applications

U Recirculating showers or drenches

U Smoke regeneration (vaporization or
atomization)- Recommended application
rates of 1.53.0 kg condensate/ton meat

U Incorporating into ingredients, breading,
batters, other coatings

U Injecting
U Spraying, dipping, brining

U Impregnated into meat casings, stuffed and
cooked

Rozum J. 2014. Liquid Smoke (Smoke
U S D A Condensate) ApplicatioEncyclopedia of Meat USDA
Sciencesvol. 3. pp. 31820 - Agricultural
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Regulatory Status of Liguid Smoke
Application for Meats: and Poultny/
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Regulatory Status of Liguid Smoke
Application fon Meats: and Poultny;

Classified as a Generally
Recognized as Safe (GRAS)
compound by the FDA
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Regulatory Status of Liguid Smoke
Application for Meats: and Poultny/

50068 TI-T

EVALUATION OF THE HEALTH ASPECTS OF
SMOKE FLAVORING SOLUTIONS AND

EMOEED YEAST FLAVORING AZ FOOD IMGREDIENTS

1981

Prepared for

Bureau of Foods
Food and Drug Adminfistration
Department of Health and Human Services
Weshington, D.C.

Contract No. FDA 223-T8-2100

https://en.wikipedia.org/wiki/Liquid_smoke
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Regulatory Status of Liguid Smoke
Application fon Meats and Poultny,

ad & & (GKS ftloStAy3a 27
covered by Code of Federal Requlations 317.2
() (3 and381.119 (a and byPolicy 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

Fil 92NA Yy 3IPa

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

Regulatory Status of Liguid Smoke

Application fon Meats and Poultny,
9 CRR817.2)(1) (3)

G2 KSY Yy FTNIAFAOAFE &avyz21s
added as an ingredient in the formula of a meat food .
product, as permitted in part 318 of this subchapter, there 55, =0 Bk « ot
shall appear on the label, in prominent letters and
contiguous to the name of the product, a statement such
| dArtificial Smoke Flavoring Added BiiNdkaiFlavoring
Addedc ¢ & YIF& 06S LI AOFOo6fS
statement shall identify any artificial smoke flavoring or
smoke flavoring so added as an ingredient in the formula
2F O0KS YSIO T22R LINRBRdAzOU ¢
https://www.ecfr.gov/current/title -9/chapter-Ill/subchapter-A/part-317/subpart-A/section-317.2 hitps://en.wikipedia.org/wiki/Liquid_smoke
USDA
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https://www.ecfr.gov/current/title-9/chapter-III/subchapter-A/part-317/subpart-A/section-317.2

Regulatory Status of Liguid Smoke

Application fon Meats: and Poultny;

9 CRR317.2)()) (3)
However. . .

https://en.wikipedia.org/wiki/Liquid_smoke
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Regulatory Status of Liguid Smoke

Application for Meats: and Poultny/
9 CRR817.2)(1)(3)
However. . ..

aaSkd 2NJ LJ2dzZ G§NE LINR RdZ%
exposed to natural liquid smoke flavor which has = ==
beentransformed into a true gaseous state by the ’; 1k
application of heat or transformed into vapor by =
mechanical means.g., atomization, may be
f 0 SImBked &€

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) Applicatioiencyclopedia of Meat
Sciencesvol. 3. pp. 31820
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https://www.fsis.usda.gov/sites/default/files/import/Labeling-Policy-Book.pdf

Regulatory Status of Liquid Smoke
Application fon Fish and Fishery Products
21 CRR1123:3(s)
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Regulatory Status of Liquid Smoke
Applicatiom fon H:I|Sh and Fishery RPraducts
21 CER1123:3(s)

a{ Y21 Siivkeflanatedfishery 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 smokly a means such
asimmersing it in a solution of wood smake

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

https://en.wikipedia.org/wiki/Liquid_smoke
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https://www.ecfr.gov/current/title-21/chapter-I/subchapter-B/part-123

Thank You for Your Attention
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Smoke solutions for meat
and poultry preservation

Why smoke?
Issues in safety and quality of meat ?
How smoke can preserve meat?

Delaying spoilage: Fresh Poultry

Shelf-life extension and Listeria control:
Frankfurters

Salmonella control in fresh poultry

Sensory validation

Other applications - Beverages




Bacteria impacting the meat safety and stability

Common Defects in Meat Products & Causal Bacteria Microbial risk for meat safety

Meat product Causative Bacteria Causative Bacteria

Pseudomonas, Lactobacillus, Salmonella, Campylobacter jejuni,

Slime Meats Enterococcus, Weissella, INFSSIION Listeria monocytogenes
Sl Production of Staphylococcus aureus, Bacillus

H,0, Greening Meats Weissella, Leuconostoc,_ TOXINS cereus, Clost"ridium botulinum
Enterococcus, Lactobacillus N ‘

H,S Greenin Vacuum Packaged Meats Shewanella J

H,S 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

Lactic acid bacteria, Enterococcus,

Sourin Ham . } o
9 Micrococcus, Bacillus, Clostridium

Nychas et al. (2008)
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. How to maintain food stability and food safety
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Smoking of poultry, fish and red meat
has been increasing in popularity

Benefits of Liqguid 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 7 good reproducibility of desired
characteristics obtained in the final product

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

One package preservative solution
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In-vitro studies ol E W,
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Antimicrobial efficacy in-vitro of liquid and dry smoke products

MIC % (Minimum inhibitory concentration) at pH= 6.0 and Temp= 30 °C

Smoke A | Smoke B | Smoke C

Pathogenic bacteria

2 12 Smoke C against Pathogens
% 1.0 pH=6.0 Temp = 30 °C
1 Listeria cocktail 0.25 1.0 >4.0 0.4 g § 0.8
o 306 - .
2 E.coli 0.20 1.0 >4.0 0.4 52,, —e—Listeria cocktall
£
3 Salmonella Typhimurium ~ 0.25 1.0 3.0 0.4 g - T et
0.0 1.0 2.0 3.0 4.0
4  Staphylococcus aureus 1.50 1.0 3.0 0.4 Smoke concentration (%)
5 Bacillus cereus 0.20 = Smoke C against LAB
2 12 = = °
= 1L
Lactobacillus sakei ‘E 08 .
- 06 —O—Lactc_)bacnlus
Leuconostoc 2 o4 sakel
: 0.25 0.5 >4.0 0.4 S )
mesenteroides ° 02 O asenterotes
........................................................................................................................................................................................................................ =00
g 0.0 1.0 2.0 3.0 4.0
Conclusmn § Smoke concentration (%)

Antlmlcroblal efficacy in-vitro of Smoke A> Smoke D> Smoke B > Smoke C

E Kerry 2024 | 58



Application studies




