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Introduction

Smoking food has been used for preservation for centuries and can be
considered as a cultural asset, due to unique taste-giving properties. In
addition to traditional smoking, the use of liquid smoke has become
established in the last decades. The advantages as regenerated smoke
are well known and described?. Various primary products are approved
for use in the European Union?, but there are still concerns expressed
by the European Food Safety Authority - using the example of primary
smoke Pure Smoke® R714 (SF-001), the concerns relate to the presence
of small amounts of 2-(5H)-Furanone3. The present work is intended to
compare various technologies by smoke composition.

Composition of smoke and resulting properties

The goals of smoking food can essentially be divided into three areas:
extending shelf life, improving or giving unique taste and as a
processing aid to influence the structure and processability of
substrates*-®.

While there are many approaches and studies in the area of shelf life
extension and process decoration in the food industry (here of course
also with reference to smoking), the area of taste and aroma has only
been rudimentarily investigated. There are a few works on the
composition of smoke condensates’®, some of which also specifically
derive odor and taste properties depending on specific substance
concentrations®®. It is the goal of this study to gain further insight in
smoke composition and its deposition on surfaces with focus on
regenerated and wood-based smoking.

Condensation of smoke to obtain liquid smoke

The production of the liquid smokes registered as primary smokes are
described in the registration documents. These are essentially pyrolysis
processes that aim either to produce liquid smoke directly by total
condensation (calciner process) or complex processes have been
developed with separation of pyrolysis products. Liquid smokes are
then obtained by reformulation of end products from several process
streams.

In order to compare conventional methods of smoke production with
that of liquid smoking, it is necessary to obtain the corresponding
smoke samples in a chamber after generation/ atomization using the
setup shown in Fig. 1.
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Figure 1. Experimental setup for the condensation of generated smoke using a cold
trap (way A) and additional washing bottles filled with iso-Propanol and water (way B).
The smoke is taken from a suitable place in the smoker or smoldering chamber and
passed over condensate traps using a slight negative pressure.
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Standard smoking processes (30 min for Liquid Smoking and 55 min for
wood-based smoking) were carried out to obtain the smoke
condensates. For the observation of treated surfaces the smoking
chamber was also equipped with test substrates made of different
materials in order to be able to examine the deposited components.

Analysis of smoke condensates

The yield of the condensates that can be obtained through the cold trap
differs significantly. The duration of condensate capture was based on
the standard smoking time - around 20 mL of liquid smoke and around
5 mL of smoke from chip smoldering could be condensed here. The
washing bottles (each initially filled with 250mL iso-propanol or water)
were used to adsorb smoke components that could not be directly
condensed, resulting solutions are illustrated in Fig. 2.

R714
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Figure 2: Collected condensates and washing solutions from the experiments with
R714 (cooling trap (a), washing bottles with iso-Propanol (b) and water (c)) and beech
wood chips (cooling trap (d), washing bottles with iso-Propanol (e) and water (f)).

a) Visual results

While the analyzes for approving the smoke aromas are essentially
based on GC-MS analysis, a new method for non-destructive
investigation using High Performance Liquid Chromatography (HPLC)
was developed and used for the deeper analysis of the condensates.
The method developed is based on a solvent gradient (water/
acetonitrile) on a Cjs-column and is suitable for separating and
quantifying the essential compounds described.

It is clearly noticeable that the R714 condensate is significantly more
intense colored than the chip-based one (Fig. 2a vs. Fig 2d), while this
effect is reversed, especially with the iso-propanol washing solutions.
The stronger coloring of the R714 condensate (Fig. 2a) can be attributed
to the significantly higher concentration, the stronger coloring of the
iso-propanol solution from chip smoldering is due to the heat of the
smoke - here the cooling capacity of the cold trap is not sufficient and
more components are adsorptively bound in the washing solution.

b) Cooling Trap Results
Table 1 shows the specific concentrations of selected substances in the
condensates examined (primary smoke Pure Smoke® R714 vs. smoke
from beech wood chips). The selection was based on the substances
described in the literature as being responsible for the positive
properties like tastel®, supplemented by suspected genotoxins like
Furfural and 2-(5H)-Furanone.



A
Food Solutions

proFagus

The liquid smoke Pure Smoke® R714 contains comparable amounts of
2-(5H)-Furanone as can be found in conventional smoke. Due to the
fact that concentration is significantly higher than in the condensate
derived from wood smoldering a correction factor must be applied.
Based on the substances responsible for the desired properties, a
correction factor of approximately 15 can be derived for the substances
shown. This means that the furanone contamination is in a similar
magnitude, while in the case of traditional smoking the contamination
from furfural, which is classified as carcinogenic, is immense. Furfural is
an allowed flavour compound in the EU.

Table 1. Concentration of selected compounds of the smoke condensate (cooling trap)
samples. X- substances with relevance for taste and shelf-life extension510,

Substance Chips R714rormatized*
¢ [mg/mL] ¢ [mg/mL]
2-(5H)-Furanone 0.07 0.14 +100%
Furfural 1.60 0.06 -96%
Vanilinx 0.17 0.02 -88%
Syringol 4.69 2.79 0%
Guaiacol* 0.25 0.13 50%
4-Methyl-Syringol* 0.74 1.68 -126%
4-Methyl-Guaiacol* 0.17 0.08 4%

*The normalization was carried out by forming the sums of the substances marked with * - for R714
this results in 73.55 mg/ mL and for the chips condensate 4.69 mg/ mL. The resulting correction factor
is therefore 15.7.

The simple setting up of the correction factor is only intended to take
into account the fact that there is a significant difference in the
concentrations of smoke active ingredients. It has been reported that
the actual conditions are even more complex. For example, para-alkyl-
substituted phenols have a significant taste and odor giving effect even
in very low concentrations®. In our studies 4-Ethylguaicaol can be
detected in concentrations of approx. 3.50 mg/ mL, while there is no
evidence in the condensate of conventional smoke succeed. This means
that the correction factor used above may be even higher, to verify this,
further work is necessary. In summary, 2-(5H)-Furanone is present in
both smoke condensates in equal amounts, based on smoking
performance in traditional and liquid smoking.

c) Wash Bottle Results

As it can be seen in Figure 2 and mentioned before, there are major
differences in the contents of the non-condensed materials. On the one
hand visually, but on the other hand also after HPLC analysis.

In the case of the liquid smoke R714, the measurements of the wash
bottle filled with water did not show further organic materials. Small
amounts of furfural and 2-(5H)-Furanone can be detected in the iso-
propanol fraction (see SI for chromatograms). Other substances cannot
be clearly detected. These results are due to the fact that R714 is
already a purified smoke condensate. It is interesting that
2-(5H)-Furanone and Furfural can apparently be removed by vacuum
treatment after atomization.

As it can be seen from Figure 2e, the iso-propanol fraction of the chip
derived smoke has significantly more ingredients — this can be
confirmed with HPLC both in the phenol range (which is responsible for
the sensory effect) and in the range of polar and low-boiling substances

like Furfural und 2-(5H)-Furanone. Since no direct quantification is
currently possible, Table 2 provides an overview of the peak area
proportions of the reliably detected compounds.

Table 2. Overview of the determined peak area proportions of 2-(5H)-Furanone,
Furfural and Vanillin in the chromatograms of the condensates and wash bottle
solutions of the chip based smoke (see Sl for chromatograms).
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In contrast to the findings from the studies on R714, there is also an
enrichment of Furfural here - this substance can be traced down to the
aqueous solution. Accordingly, the total condensate of the smoking
chips contains significantly more furfural and furanone than quantified
in the cold trap condensate. This behavior is due to the higher
temperature of the smoke, which is why the cooling capacity must be
increased in subsequent experiments.

Analysis of smoked substrates

As already mentioned, various sample substrates were also smoked
during the condensation experiments - neutral substrates (cotton wool)
with collagen casings turned out to be the most suitable. The samples
were extracted extensively with acetone and the evaporated extracts
were examined using the same HPLC method like used for the liquid
smoke characterization. Interestingly, Guaiacol and Syringol could be
detected on the substrates smoked with R714, whereas this was not
found in case of conventional smoking.

Figure 3. Extract of the chromatograms of R714 (green) and the extract of the samples
smoked with R714 (blue).

However, the ratios of deposited substances are different to the
composition of the condensate (see Figure 3). This finding is the first
report that the reaction of smokes leads to different compositions on
the surface. It underlines the fact that the composition of smokes, or
even its primary condensates, is not sufficient to evaluate the safety of
smoked foods. An intensive investigation is necessary for a discussion
of what actually is deposited on food - both for liquid smoke, but also
for conventional methods. This discussion cannot be conducted
without considering the physical and chemical processes on the



substrate surface. It should be mentioned that in the samples of
conventionally smoked substrates Furfural can be detected as
deposited and unreacted from smoke.

Conclusion

We were able to condense smoke from a conventional smoking process
and then feed it to a newly developed analysis method using HPLC. Our
studies have not been dedicated to the analysis of PAHs and tars. The

goal was a comparative, non-destructive analysis of smoke components.

This revealed opportunities to better understand liquid smoke and
further optimize it for the benefit of consumers and processors. It has
been shown that conventional smoking methods also emit significant
amounts of 2-(5H)-Furanone, as well as other compounds with
genotoxic relevance. Our studies indicate that conventional smoking
deposits more substances of concern.

With this work, we wanted to demonstrate that the current focus on
liquid smoke for consumer protection needs to be compared with its
alternatives.

The structured analysis of smoke aromas is far from complete and
offers enormous possibilities for targeted product design, but this
requires an objective discussion and a scientific approach.

Supporting Information

Please find selected chromatograms at the end of this document, for
further information please contact the authors Dr. Alexander Scholte
(Head of R&D | ascholte@pf-food.de) or Dr. Frank Hoéfer (CEO |
fhoefer@pf-food.de).

Literature

(1) Simon, R.; De La Calle, B.; Palme, S.; Meier, D.; Anklam, E.
Composition and Analysis of Liquid Smoke Flavouring Primary
Products. J of Separation Science 2005, 28 (9-10), 871-882.
https://doi.org/10.1002/jssc.200500009.

(2) Regulation (EC) No 2065/2003 of the European Parliament and
of the Council of 10 November 2003 on Smoke Flavourings Used
or Intended for Use in or on Foods; 2003; Vol. 309.
http://data.europa.eu/eli/reg/2003/2065/0j/eng (accessed
2024-05-07).

(3) EFSA Panel name on Food Additives and Flavourings (FAF);
Younes, M.; Aquilina, G.; Castle, L.; Degen, G.; Engel, K.-H.;
Fowler, P. J.; Frutos Fernandez, M. J.; Fiirst, P.; Gundert-Remy,
U.; Grtler, R.; Husgy, T.; Manco, M.; Moldeus, P.; Passamonti,
S.; Shah, R.; Waalkens-Berendsen, I.; Wright, M.; Benigni, R.;
Boon, P.; Bolognesi, C.; Cordelli, E.; Chipman, K.; Sahlin, U.; Carfi,
M.; Halamoda, B.; Mech, A.; Martino, C.; Multari, S.;
Palaniappan, V.; Tard, A.; Mennes, W. Scientific Opinion on the
Renewal of the Authorisation of proFagus Smoke R714 (SF-001)
as a Smoke Flavouring Primary Product. EFSA Journal 2023, 21
(11), e08363. https://doi.org/10.2903/j.efsa.2023.8363.

(4) Morey, A.; Bratcher, C. L.; Singh, M.; McKee, S. R. Effect of Liquid
Smoke as an Ingredient in Frankfurters on Listeria
Monocytogenes and Quality Attributes. Poultry Science 2012, 91
(9), 2341-2350. https://doi.org/10.3382/ps.2012-02251.

(5) Kjallstrand, J.; Petersson, G. Phenolic Antioxidants in Wood
Smoke. Science of The Total Environment 2001, 277 (1), 69-75.
https://doi.org/10.1016/50048-9697(00)00863-9.

(6) Maga, J. A. Smoke in Food Processing; CRC Press: Boca Raton,
2017. https://doi.org/10.1201/9781351076647.

(7) Montazeri, N.; Oliveira, A. C.; Himelbloom, B. H.; Leigh, M. B.;
Crapo, C. A. Chemical Characterization of Commercial Liquid

(12)

A
Food Solutions

proFagus

Smoke Products. Food Sci Nutr 2013, 1 (1), 102-115.
https://doi.org/10.1002/fsn3.9.

Guillén, M. D.; Manzanos, M. J. Study of the Components of a
Solid Smoke Flavouring Preparation. Food Chemistry 1996, 55
(3), 251-257. https://doi.org/10.1016/0308-8146(95)00126-3.
Guillén, M. D.; Manzanos, M. J. Study of the Volatile
Composition of an Aqueous Oak Smoke Preparation. Food
Chemistry 2002, 79 (3), 283-292.
https://doi.org/10.1016/S0308-8146(02)00141-3.

Wang, H.; Chambers IV, E. Sensory Characteristics of Various
Concentrations of Phenolic Compounds Potentially Associated
with Smoked Aroma in Foods. Molecules 2018, 23 (4), 780.
https://doi.org/10.3390/molecules23040780.

Commission Implementing Regulation (EU) No 872/2012 of

1 October 2012 Adopting the List of Flavouring Substances
Provided for by Regulation (EC) No 2232/96 of the European
Parliament and of the Council, Introducing It in Annex | to
Regulation (EC) No 1334/2008 of the European Parliament and
of the Council and Repealing Commission Regulation (EC)

No 1565/2000 and Commission Decision 1999/217/EC Text with
EEA Relevance; 2012; Vol. 267.
http://data.europa.eu/eli/reg_impl/2012/872/0j/eng (accessed
2024-05-10).



Food Solutions

proFagus

STUDIES OF SMOKE COMPOSITION AND DEPOSITION FROM PRIMARY PRODUCTS IN COMPARISON TO WOOD SMOLDERING

79  |ouaydAxoyIeW-z-|Ayia-H

S louaydAxoy3a-z-|AyIR -t | 109e1en9-|AUIRIN-H[900M] 6T

w

€4 1ouaydiAyIB - | 105310-0 [STOM] 'St

89 lousydAyiawL-9'y'z | jouse [ET0N] b0y

+9  ouaydAxoyjaw-z-|

65 uojdR|AuRYdAXOYIBW-E-AXOIPAH- 020X £'SE

9 |ouaydAxoyls -z | |oderen:
d - f1

[2s  1ouaydAxoyyawip-9'z-1AYIaI-b | [0BULAS-IAYBIN-b [€

JouaydjAy3aw-§-jAdoidos]-z | jowAyL [TT0M] 0'pt

Iv-p | [ouabng [800x] 2'8€
oed1enblAuIa-1 [£00N] 2'2E
19 louaydiAyrawia-g' | joualAx-d [z10x] 8'0€
09 T'9E

9 [200¥] T'22

g

oL H'r
69 Ty

L9 6'6€
99 §'6€
S9 6'8¢

€9 8/

85 t'bE
£S5 0'%E f+

95 8'ze
S§ §'ze

€5 §'T€

8 08¢
Ly St

eb PAyaplezuag-AxoyIawIp-§'€-AX0IPAH-b | PAY3P|

7€ 8’81

8e 01z

ST leanung [$2oN] 9'bT

¥ T'9C
& 'St

9T

o 8'ce

6€ 02z

1€ 78T
U A
6z T'L1
8z /91

Lz 8'st

9z 64T

vz LT
€ €U

T LT

T2 TIT

fmin]

40

Zeit

[AU]

1,54

T
o
-

uond.osqy

0,54

0,0

Trap condensate.

ing

id smoke — Cooli

iqu

Chromatogram of R714 / Li

Figure S1

0 pAyaplezuaqAxoy3aU-€-AX0IPAH- | Ul

0S T'9p

6 9ty

8y 8'6E

Ly 6'8€

9 jouaydAxoyaw-z-JA|lv-¢ | |ousbn3 [800M] Z'8E
St 6'L€
Z-IApa-b | oedtenblAyia-y [£00M] Z'2€

€ jouaydiAyjewia-s‘z | jouajAx-d [zT0M] £'9€
b uouaydojsoeAxoylswip-,S’,€-AX0IpAH- ¢ | uobuLIASOIDY [6TOM] H'9E

v 6'SE

144

o S'bE

6€  [0uBYdAXOUIRW-Z-AUIR -t | [03B1eND-1AUIRW-H[900M] 6'TE

8€  JoudydAxoy3awIP-9'z-IAUIRIN-p | 106uLIAS-1AUIRIN-1 [E00M] S'0E
AN 74

9€ 8'8t

Gg  JouaydAxoya-z | j0detens [zoox] 1'22
b€ JouaydAxoyrpwia-9'z | |obuniAs [T00M] 8’92

€€ €9z

€ v'se

1€ T'sC

eA [£10M] 9'bT

6 T'vC

8z T'tr
T e

9z [ozuagAxoaw-¢-Axo1pAyia-z'T | 10ya1e2Ax0yIs-€ [0TON] 602
sz oz

vz 9’61
€2 681

w '8t
TZ 81

0z €91

61 T'ST

T

9T 07T
sToST

LT u0-z-ueinjoIpAYIa-5'e-IAYIR - [€20X] H'ET

v 66

€1 68

S8

9 6
S uouend-(HS)-z [TZoN] 9',
bEs

40

[mAU]

uond.iosqy

[min]

Zeit

Trap condensate.

ing

Cool

ips —

Chromatogram of smoke condensate from wood ch

Figure S2



Food Solutions

proFagus

STUDIES OF SMOKE COMPOSITION AND DEPOSITION FROM PRIMARY PRODUCTS IN COMPARISON TO WOOD SMOLDERING

b 10usydAXOUID-Z- 1A - | [00RIeND-1AYIRIN-4{900M] 6/TE

Ty louaydAxoyiawIp-9‘z-IAyIR -t | 106uLAS-1Aue -1 [£00¥] §'0E

1€ pAyaplezuaqAxoyisw-g-AxoIpAH- |

£S  10usydiAyIB-Z | 1052120 [STON] 0'SH

95 |ouaydjAyzaw-G-1Adoidos]-z | jowAyL [TTOM] 0'pt

26 jouaydAxoyzaw-z-|AlIv-p | (ouabn3 [800N] 2'8E

15 g€

05 |ouaydAxoyia-z-1Ayia- | joearenbiAuia-v [£ooM] 2'2E
6v louaydiApewig-§'z | joualAx-d [z10M] £'9€

L€ 1ousydAxoysd-z | 10oetens [200M] 1'22
9¢  JousydAxoyrpwia-9'z | 1obuliAs [100M] 8'92

8 uouein-(Hs)-z [180x7 &

8 ¢%

¥S 6'6€

€5

8 T/9€
Ly 6'SE

9 bbE

6€ 8'8C
8c 1'st

S€
123

€€ VST
e T'se

IueA [£10M] 9'b2
0€ 0%Z

9T

sz €'oe

vz 96T

€

L1

Ss 0'Ty

6'8€

Sy T'EE

& S
W TIE

o T'6C

1'9¢
wme

8z 'zt
Lz 0Tt

6'0C

T 8'8T

w 181
T L

0z €91

YT

LTS

20

[mAU]

120+

100+

80-
61

uondiosqy

40

204

[min]

-Propanol-filled wash bottle (wood-based smoking).

I1sO

Chromatogram of

Figure S3

L 9ty

S ylousYdAXoyIBWIP-9'Z-IAYBIN- | 10BULAS-AUIBIN-t [£00M] S{0E
=

C:\HPI

+ PAysplezuagAxoy3aw-g-AxopAH-t | ulluen [£10M] 9'b2

[mAU]

uond.osqy

[min]

Zeit

Chromatogram of water-filled wash bottle (wood-based smoking).

FigureS 4



Food Solutions

proFagus

STUDIES OF SMOKE COMPOSITION AND DEPOSITION FROM PRIMARY PRODUCTS IN COMPARISON TO WOOD SMOLDERING

[mAU]

uond.osqy

1 Lo
2 wn
H
)
1
>
s
1
h
1
|
\
._
|
:
"
i
u
H
>
i
r
5
w_
1
._
)
i
3
i
3
g
1
2
1 e
)
1
H
1
)
M JouaydAxouaw-z-1A|v-t | |ousbn3 [800)] £'8E
3
i
4
3 Jousyd|Ayiawia-5' | jouajAx-d [ZT0M] 9%
[ T gse
3
i
»
i
3
M
)
]
i
€1 1P-9'Z-1AUBW- | 0BuLAS-IARIN-H [£00X] 1'0L.
FR
71 JouaydAxoyawia-9' | 106unAs [1003] 8'92
07 PARBRBRASHRUBS AR RS
8 stz I
F_
£ leanpng [520M] §'bT
=]
9 76
s
b uoueind-(Hs)-z [TzoM] £'s
€ 'y
T 1e
T
°

[min]

Zeit

illed wash bottle (R714 / Liquid smoke).

-Propanol-f

I1sO

Chromatogram of

Figure S5



proFagus

Food Solutions

[min]

6 S'th

8e 9y

1z 9'0p

40

L€ 1ouaydAxoyraw-z-|A|lv-t | |ouabng [800N] 1'8E

02 jouaydAxoyrawip-9'z-1AlIv-b | 106uLAS-1AIIv-p [£00M] T'2€E

61 9'ze

9¢  ouaydAxoyzawip-9z-1AyBIN-b | (0BuLAS-1AYIRN-¥ [£00M] €08

81 T'6C
se 8'sz
e 1'8C
€€ 9Lt

2€ [oudydAxoyid -z | j02erens [z00M] 1’2z
1€ [ouaydAxoy1awia-9'c | 106uLIAS [T00N] 8'92

0g 85z
67 v'st
87 1

Zeit

, 91 pAyap|ezuagAxoyaw-¢-AxoIpAH-p | ulliuen [£10M] §'b2
1z Tt ; L
9 6€C

¥ §'TC

sz 7oz

v L'81

€ s

id smoke).

iqu

€1 09T

w 81

eanpn. ]
12 'l T jeinung [$Z0N] 9T

1t

o0z 7z

o1 §'Tr
6 T

61 S'TT

81 €0t

€ uouRIn (c)z [1z0m1 41

Chromatogram of extracted samples (R714 / L

STUDIES OF SMOKE COMPOSITION AND DEPOSITION FROM PRIMARY PRODUCTS IN COMPARISON TO WOOD SMOLDERING
[mAU]

[min]

50

40

Zeit

Chromatogram of extracted samples (wood-based smoking).

120+
100+
80
6
15+
10
5

0
Figure S 6
[mAU]

uond.osqy uondJosqy

Figure S 7



