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Neun Rauchkondensate  und ih re  Phenolfraktione  w urden  d u rc h  Gaskrom ato- 
gra fi untersucht. In e iner se n so r isch en  U nte rsu ch un g  w u rden  d ie g le ichen 
Rauchkondensate  e ine rse its zu Bo lognaw urst, anderse its zu Schw eineschm alz 
zugesetzt. D ie  E rg e b n is se  d ie se r U nte rsu ch un g  w u rden  mit den E rg eb n is se n  
der chem ischen U n te rsu ch un g  ve rg lichen .

V ie r  d e r Kondensate  haben acceptierbare  W ürste  ergeben. Die Qualität 
de r Rauchkondensate  w ar n icht in g ro ssem  M asse  von  der Zusam m ensetzung 
der Phenolfraktion  abhängig, sonde rn  vom V e rh ä ltn is  de r Phenol- und 
N ichtphenol Verb indungen.

Die A n w e nd u ng  von  Modellsystem en w ie Su sp en s ione n  von  Rauchkonden ­
saten in  Schw eineschm alz können zu irrtüm lichen  E rg e b n is se n  ihre r 
G eruchqualitäten  führen. Man hat d ie  F rage  aufgeworfen, ob G eruch  und 
Geschm ack von  Rauch fü r d ie  o rgano leptische  Qualität von  B o logna  und 
andere r B rü h w ü rste  w ich tig  ist.

Neuf condensa is de fumée et le u rs fractions de phénol ont été ana lyseS 
par chrom atographie  en phase  ga s-liq u id e .

Les résu ltats ont été com parés avec une évaluation sen so r ie lle  des 
conden sa is qu i ont été ajoutés à une sa u c isse  de  Bo logne  ou souspend 
d an s du  lard raffiné.

Quatre des conden sa is ont donné une sa u c isse  qu i était acceptable. La 
qualité  des condensats n ' était pas particuliè rem ent dépendante de >a 
com position de la fraction phénolique  m ais dépendait de la balance en 
les com posants p hénoliques et n on -pheno lique s (composants acides et 
c a rb o n y liq u e s ) .

La su sp e n s io n  d e s condensats de fumée d an s le lard peut donner des fS. 
résu ltats décevants en ce qu i concerne  la qualité  de l'a ro m  des c 0 ,
La question  de l'im portance  de l'a ro m  de la fumée p ou r l 'a ro m  total 
la sa u c isse  de Bo logne  ce pose.
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N ine  sm oke condensates and the phenol fractions extracted from them 
have been ana lysed  by g a s - liq u id  chrom atography.

T he  re su lts have been related to a se n so r ic  evaluation of the same smoke 
condensates added to a sau sage  of Bologna  type o r su spended  in refined 
lard.

Fou r of the condensates ga ve  a sau sage  w h ich  w as acceptable.

The q ua lity  of the sm oke condensates w as not to any great extent depen­
dent on the com position of the phenolic  fraction but on the balance 
between the phenolic  and n on -pheno lic  com pounds (acid and carbonyl 
com p oun d s).

The  use  of model sy stem s like su sp e n s io n s  of sm oke condensates in lard 
may g iv e  m islead ing re su lt s  of their f la v o u r in g  qualities.

The  question  w as ra ised  if smoke f la vour is important to the total flavour 
of the Bologna  type of sausage.
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THE EVALUATION OF SOME SMOKE CONDENSATES1*1

B irg itta  B e rge r, Lennart Hemrâ and Roy N ilsso n

In the present w o rk  the com position of the phenol fraction of n ine  smoke 
condensates has been determ ined by g a s - liq u id  chrom atography and the 
same method has been used to get an overa ll p ic tu re  of the composition of 
the condensates.
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The chrom atograph ic  data have been compared with the re su lts of a se n so r ic  
evaluation of sau sage s to w h ich  the condensates have  been added. A  further 
se n so r ic  evaluation w as ca rried  out with su sp e n s io n s  of the condensates in 
lard.

IN TRO D U C T IO N

In lhe i|>Por  M anufacture  of meat p roducts sm ok ing  is an important f la vouring  
diffle s s - O rd in a ry  smoke con s ist s  of a large num ber of com pounds from 
durj!'ent chemical c la sse s a s show n b y  se ve ra l in ve stigation s c a rried  out 

n9 the last 10-15 ye a rs  (see amongst others H ruza  et a l. (5)). 

fhe p.
9p0u 0st frequent com pounds in  sm oke can be c la ssified  into three 
i^p Ps; phenols, a c id s and carbonyl com pounds, each of them h av ing  

functions in the sm ok ing  process. The  phenols seem to be of 
et aj tlng  importance to the smoke flavour, as, accord ing  to B ra tz ler

Cl), they account for about 70% of th is flavour. The  co rre sp on d in g  
•bution of a c id s and carbonyl com pounds is about 25% together.

eerily ^o st  of the interest conce rn ing  the sm ok ing  p rocess has been con- 
*han °n the p o ssib ilit ie s of h av ing  a p roce ss w h ich  is more rational 
sittokg f P reser|f one and w hich  a lso  g iv e s  a p roduct w ith a more uniform  
^Vdr ' lav/ou r and with a s low a concentration a s p o ssib le  of po lycyc lic  

Carbons.
^0r (.
Iiave Purpose  a lot of different smoke condensates o r liqu id  sm okes 
as een produced. T h e y  are  to be u sed  in  sau sage  p roduction  either 
'4 a E d it io n  in the cutter o r by sp ra y in g  them on the heating elements 

M oking chamber.

% a ivt-
c°ntajr;cf l w o rk  ca rr ie d  out on sm oke condensates has show n that they•tain (u

(2) r same comPOunds a s o rd in a ry  sm oke (Lagner (6 ) , F id d le r et

1 the , _____  (4)). But depend ing  on the type of wood used
lUnctjo'-' Method of preparation  the quantitative  com position as well a s some 

nal P r°Pe rt ' e s °f the smoke condensates may d iffer from b ran d  to 
as show n b y  G orbatov et al. (4).

ĥat j
c°hdenS more intere sting  than the actual chemical com position of the smoke 

sau Sates' how ever, is  the influence of their com position on the flavour 
^ a9es to w h ich  they have been added. O n ly  a few pap e rs seem  to 

f°Unq .?alt W|th th is problem. T h u s, F id d le r et a l. (3) and Potthast (7)
¡0 ge( hat a combination of p henols and carbonyl com pounds w as necessa ry  

r an acceptable smoke flavour in the meat products. But if, a s has 
^ t inq eported b y  Gorbatov et a l. (4) the phenols are quantitative ly dom i- 
'hvWtj ln sm oke condensates, the flavour w ill be undesirab le . Fu rther 
Cor>den^atlons are  o b v io u s ly  needed if the p ractical u se fu lne ss of a smoke

:e is to be co rrec t ly  a ssessed.

PaPePenC*ant moc*e preparation  all the sam ples tested are  in this 
r called smoke condensates.

M A T E R IA L  A N D  M ETH O D S

Smoke condensa tes. N ine  different b ran d s (A -l)  of smoke condensates were 
used in th is investigation. T h ree  of them, B, C  and F were obtained as 
fat-em ulsions, the others a s su sp e n s io n s  in water.

A n a ly s is  by g a s - liq u id  ch rom atography. The  phenol fraction was extracted 
from the condensates b y  ether. The  ether solution  w as d ried  w ith sodium  
su lphate  and then evaporated in n itrogene  atmosphere to a volume su itab le  
for a n a ly s is  b y  g a s - liq u id  chrom atography. The a n a ly s is  w as performed 
with a V a r ian  A e ro g ra ph  2700 g a s  chrom atograph u s in g  a 6 'x  1/8" sta in le ss 
steel column packed w ith 5% C arbow ax 20 M T P A  on 100-200 mesh of C hrom o- 
so rb  W H. P .QThe  injector temperature w as 210-230°C, and the detector tem­
perature  230 C. The  column temperature w as held at 100°C for the first  
10 m inutes of a run  and then increased by 4°C per m inute up  to 220°C.
The same conditions were u sed  for the chrom atography of the unfractionated 
smoke condensates.

The  identification of some of the peaks w as based on the retention times in 
com parison  w ith authentic substances. For quantitative m easurem ents the 
area under the peaks w as used. The measurem ents w ere ca rried  out b y  an 
e lectronic integrator. V a r ian  A e ro g ra p h  475. A  detailed d escrip tion  of the 
analytical p rocedure  w ill be g ive n  elsewhere.

S e n so ry  evaluation test. The  taste panel consisted  of 8 members who have been 
testing sau sage s for se ve ra l years. Th ey  were rating  the fo llow ing p roperties: 
sm oky, tarry, burnt, sweet, sou r, so lvent and unidentified  off-flavour.
A  6 point scale, 0-5  w as used. The  pane lists were a lso  asked  to g iv e  an 
overa ll rating; good, acceptable o r not acceptable.

The  rating  of the sm oke concentrates was c a rrie d  out in  two ways:

1. T h e y  were done on Fa lu -sa u sa ge  (a sau sage  of Bologna  type w ith a 
diameter of 40 mm) to w h ich  the concentrates w ere added in about the 
amounts recommended by the p roducer. A s  a reference a sample smoked 
in the o rd in a ry  w ay w as used.

2. The  rating  w as a lso  done on su sp e n s io n s  of the sm oke condensates in 
refined lard.

R E S U L T S  A N D  D ISC U SS IO N

9ast7>S^osition  of the phenol fraction . The re su lts of the a na ly s is  by  
c°0den lc* chrom atography of the phenol fraction from the different smoke 

ates are  show n in table 1.

Of the 18 peaks found in the chrom atogram s 9 w ere identified a s gu iaco l 
(2). creosol (4), phenol (5), p -c re so l (7), p rop y l-g u ia co l (8), eugenol 
(10, sy r in g o l (11), isoeugenol (12) and va n ill in  (16). Peak no. 9,
2, 3-xy leno l, w a s used a s an internal standard.

The  condensates could be a rranged  in  three g ro u p s  a ccord ing  to w h ich  
peaks dominated the chrom atogram s.

1. One g ro u p  w as dominated by the peaks 1-8 caused b y  sub stances w ith 
a more o r less pu re  phenolic  flavour. To  th is g ro u p  belong the smoke 
concentrates A, B and C.

2. One g ro u p  consisted  of the b ran d s D, G, H and I. The  peaks 10-17 
caused by com pounds w ith an aromatic or sweet flavour were dom i­
nating  w ithin  th is group .

3. One g ro u p  w ith a rather even d istribu t ion  of the peaks ove r the whole 
chrom atogram  w as formed b y  sm oke condensates E and F.

A n a ly s is  of the unfractionated smoke condensa tes. A s  mentioned in the 
introduction there are  other com pounds beside s the phenols w h ich  con tri­
bute to the smoke flavour. T o  get a rough  estimation of the relative  p ro ­
portions between phenols and non -ph e no ls the unfractionated sm oke con ­
densates w ere ana lysed  by g a s - liq u id  chrom atography in the same w ay as 
the phenol fractions.

The chrom atogram s of the total sm oke condensates contained on ly  7-8  la rge r 
non -pheno lic  peaks; one of them w as identified a s acetic acid. In each sm oke 
condensate it w as ge ne ra lly  o n ly  2-3 peaks that dominated.

But even if the non-phenol g ro u p  was made up  of o n ly  a few la rge r peaks 
these constituted in some cases (A, C, D and I) a la rge  part of the con ­
densates a s show n  in table 2. In other cases, how ever, they amount to on ly  
a small proportion  (F and H).

Smoke
condensate A B C D E F G H 1

% non -pheno lic >95 30- >95 85- 60- 5- 65- 20- 80-
com pounds 40 95 70 10 70 30 90

Table  2 . The  relative  concentration of non -ph e no lic  com pounds in smoke 
condensates. The  va lu es are  obtained b y  measurem ents of peak 
a reas in g a s - liq u id  chrom atogram s.

It shou ld  be em phasized that the re su lt s  in  table 2 are  e xp re ssed  as the 
percentage of the total area covered  by n on -pheno lic  peaks. Therefore, 
the f ig u re s  g ive n  may not reflect the true concentrations. But the va lu es 
could  be used to com pare d ifferent smoke condensates.
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Se n so r ic  evaluation of sm oke condensates in sa u sa g e s . T he  se n so r ic  
rating  w as c a rried  out on two batches of Fa lu -sau sage . Each batch w as 
rated twice w ith two d a y s  between the testing. The  mean va lu es from 
the four ra t in g s w ere calculated and then recalculated so  that the relative 
point for sm oky fla vour w as 1 for all the condensates. T h is  made it 
easie r to com pare the different sam ples a s in this w ay it w as p ossib le  
to compensate for m inor d ifferences in the f la vour intensities.

Tw o  references w ere used. One w as sa u sa ge s sm oked in  a sm oking 
cham ber and one w as a sau sage  w h ich  had on ly  been cooked and there­
fore shou ld  not have any  sm oke flavour.

The  sm oke condensates are  a rranged  in table 3 a ccord ing  to the overa ll 
rating. The  overa ll rating  for the references w as "g o o d " and the same 
rating  w as a lso  obtained for p roducts conta in ing  the sm oke condensate 
C. The  overa ll rating  "acceptab le" w as g iv e n  for the condensates B, E,
C  and I.

Sample Overall 
rating

Relative poin ts for

Sm oky T a r r y  Burn t Sweet So u r  Unidentified
off-flavour

Reference good-accept. 1 0. 2 0 0. 06 0 0
C
unsm oked

" 1 0. 06 0 0. 3 0 0

reference " 1 0. 08 0 0. 3 0 0
E accept. 1 0. 2 0 0. 2 0. 05 0
1 " 1 0. 2 0 0. 3 0 0. 04
C " 1 0. 4 0 0. 3 0 0
B " 1 0. 7 0 0. 2 0 0

C  (h igh  cone. ) not accept. 1 2. 6 0 1. 3 1. 6 0. 9
C  (phenol-fract. ) "  1 0. 8 0 1.0 0. 4 0. 4
C  (non
phenol-fract. ) " 1 0. 1 0 0. 3 0 0. 5
D " 1 0. 3 0 0. 6 0. 8 0. 3
A  "  1 0. 2 0 1. 0 1. 0 0
F "  1 0.7 0. 7 1. 1 0 0. 1
H "  1 2. 4 0 0. 9 0. 2 0

Table  3. S e n so r ic  evaluation of sm oke condensates added to sau sage  of 
Bologna type. R e su lts are  g ive n  a s o ve ra ll ra t in g s  and points 
relative  to a va lue  of 1 for sm oky flavour.

With the exception of condensate C  all the acceptable condensates were 
characterized b y  a re lative  point for ta rry  flavour between 0. 1 and 0. ' 
and by the absence of h ig h e r re lative  p o in ts for sweet, so u r  and un ­
identified o ff-flavour. The  point for ta rry  fla vour may be taken as a 
c rite rion  for a real smoke fla vour in the product. The  overa ll rating 
"g o o d " for the unsm oked reference w as intere sting  and is consistent wi 
what we have found seve ra l times in other projects dea ling  w ith the sm 
k in g  process. T he  f in d in g s  indicate that w ith the product type used he 
the sm ok ing  p rocess m ay be of m inor importance to the flavour

T h is  may im ply that the rating  "g oo d " for condensate C  depends on the 
fact that this condensate g iv e s  the product neither a sm oke flavour nor 
any o ff-flavour in the concentration used. Actually , the relative  points 
for ta rry  w ere v e ry  low both for condensate C  and for the unsmoked 
reference and they a lso  had almost identical absolute ra t in g s  pointing 10 
the absence of a real smoke flavour.

If condensate C  w as added in su ch  a quantity that a ccord ing  to 9 a s~* 'C?!i' 
chrom atography the phenol concentration w as about the same as with 1 îy- 
other condensates the re lative  point for ta rry  fla vour increased  conside 
At the same time the poin ts for sweet, so u r  and unidentified  off-flavoU 
a lso  increased. The  consequence  w as that the sau sage s w ere no longer 
acceptable to the consumer.

A n  acceptable smoke fla vour w as obtained neither when on ly  the pheno1 
fraction nor when the non -pheno l fraction w a s used.

The  cha rac te ristic s of the smoke condensates w h ich  d id  not g iv e  accept^ 
p roducts (A, D, F and H) w ere h igh  relative  points for sweet and sou 
flavour sometimes combined w ith h igh  poin ts for tarry  and burnt flav0

A  combination of the re su lts in table 1 and 3 revea ls that the comp°sl 
of the phenol fraction seemed to be of m inor importance to the quality 
of the smoke condensates. A ll the three g ro u p s mentioned above were 
in fact represented am ongst both the condensates rated a s "g oo d " or 
"acceptable" and those rated as "no t-accep tab le ".

M ore  important to the q ua lity  of the condensates than the composition 
of the phenolic  fraction is  the proportion  between phenolic  and non- 
phenolic  fractions, a s could  be seen b y  com paring table 2 and 3.

In all the accepted condensates the content of non -pheno lic  compounds 
amounted to between 35 and 80% of the o rgan ic  material -  calculated aSfl6- 
peak areas. T h is  im plies that there shou ld  be some balance between P 
no ls on one hand and a c id s and carbonyl compounds, the main comp0 
in the non -pheno lic  fraction, on the other.

The condensates A  and D had a re lative  content of non -pheno lic  comp 
h igh e r than 80% g iv in g  sa u sa ge s v e ry  h igh  relative  poin ts for sour. 
S ince  th is flavour is not d e s irab le  in the type of sau sages used for (( 
testing these condensates were consequently rated as "not acceptable

ds

The condensates F and H had a low proportion  of non -pheno lic  corr>̂ °̂ epô  
T h is  means of cou rse  that they had a h igh  relative concentration of P ^ g
w hich  gave  the sa u sa ge s a too strong  ta rry  or b u rn t flavour, 
su b sequently  rated a s "not acceptable".

The  re su lts d iscu sse d  above refer to hot-sm oked and cooked sau sage s of 
Bologna  type in w h ich  u su a lly  the sm oke flavour is not v e ry  pronounced.
It is p ossib le  that the rating  w ill be different if the condensates are  added 
to cold-sm oked  sa u sa ge s like different types of Metw urst. A  strong  smoke 
flavour is  d e s irab le  in  these p roducts and therefore the consum er may tole­
rate a h igh e r d egree  of ta rry  fla vour in  them. Further, s in ce  these sa u ­
sage s have  a low pH, an acid f la vour induced by some of the condensates 
may be of no harm.

Se n so r ic  evaluation of smoke condensates su spended  in  la rd . Instead of 
u s in g  sau sage s for se n so r ic  evaluation of sm oke condensates a sim ple  
model system  c o n sist in g  of su sp e n s io n s  of the condensates in refined lard 
w as a lso  tried.

Sample O verall 
rating

Re lative  po in ts for

Sm oky T a rr y Burn t Sweet So u r Unidentified
off-flavour

H acceptable 1 1 0. 4 0 0. 4 0
F " 0.7 1 0 0 0 0. 3

G accepted with 
doubtfu lness

2 1 0 0 3 0

B not accepted 0. 5 1 0 0. 5 0. 5 0
A " 0 1 0 0 0 0. 7
C " 0 1 0 4 3 0
E " 0. 4 1 0 0. 2 0. 6 0
D " 0. 7 1 0 0.7 0 0

Table  4. Se n so r ic  evaluation  of sm oke condensates su spe nd e d  in refined 
lard. O ve ra ll rating  and po in ts re lative  to a va lue  of 1 for 
ta rry  flavour.

The  re su lts a re  show n  in table 4. A s  w ith sa u sa ge s they are  g iv e n  as 
an overa ll rating  and a s re lative  points. But s in ce  some of the condensates 
d id  not g iv e  any smoke f la vour to the lard the poin ts w ere  recalculated 
to a va lue  of 1 for ta rry  flavour instead of smoky.

The  condensates F and H w h ich  a ccord ing  to table 2 had a h ig h  p ro ­
portion  of phenols w ere  rated best con tra ry  to what w as found with sa u ­
sages. C onsequently, the condensates A, C  and D were rated low a s they 
contained on ly  a small p roportion  of phenols.

But even a condensate w ith  "ba lance " between p henols and n on -pheno ls 
w as rated as "not acceptable" ( E ) . The rea son s for th is seemed to be the 
rather stro ng  so u r fla vour g iv e n  b y  it and e as ily  recogn ized  in the lard.
In a sau sage  the so u r  fla vour may be p a rt ly  o r completely marked.

The re su lt s  show  that th is type of model system  does not g iv e  re su lts 
of practica l va lue  for the evaluation  of sm oke condensates. On the contrary, 
they can g iv e  m islead ing  resu lts.

C o n c lu s io n s. The  fo llow ing conc lu s ion s may be d raw n  from the result

-  It is p ossib le  to obtain an acceptable sau sage  of Bologna type b y ^ m ô e{ 
sm oke condensates as add itives. But the question  arose  whether ‘ r0dOc ' 
flavour is rea lly  n ece ssa ry  to get a c o n su m e r 's  acceptance of the

me cf***
-  T he  su itab ility  of a smoke condensate depends not so  much on 1 . enol$ 

sition  of the phenol fraction as on the relative concentrations of P ^  
and n on -pheno lic  com pounds (m ainly a c id s and carbonyl comp°un l fed 

me3 • gte
-  The  p roportion  between phenolic  and non -pheno lic  com pounds esU^gd

b y  g a s - liq u id  chrom atography peak areas may be used as a r °u? ot- 
of the flavour q ua lity  of sm oke condensates intended for use in 
sausages.

refineC
Model system s, su ch  a s su sp e n s io n s  of sm oke condensates m  ̂ srn, 
lard may g iv e  m islead ing concepts of the fla vo u ring  properties 
condensates.
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