
THE CHEMISTRY OF 

lNTROD llCTION 

The characteristics of semi-dried a d  dried sau- 
sages are numerous because of the many types avail- 
able, the varieties within any type, and the raw ma- 
terials used in their preparation. ’4s denoted from 
the word “dried,” a considerable difference in the 
moisture content is present in this class of sausage 
products. The moisture content generally falls be- 
tween 50% to 45% for the semi-dried types and 35% 
or lower for the dried-types. 

Dried and semi-dried sausages may be made from 
pork, mixtures of pork and beef, or from beef, de- 
pending on the pa-flicular product category desired. 
Two major added ingredients are recognized as be- 
ing necessary for proper preparation: iYaC1 and car- 
bohydrates, usually glucose and/or sucrose. 

The major function of the salt is to set up a 
“screen” against most of the normal raw meat micro- 
flora, thus allowing lactic acid bacteria to become 
the predominant bacterial group. In the finished prod- 
uct it also serves with flavor contribution and preserv- 
ative effects, particularly in the presence of a low 
moisture content of dried sausages. 

Thc major function of added carbohydrate is to 
provide a substrate for the biological acidulation by 
lactic acid bacteria. The acidity produced in fermen- 
tation results in a characteristic “tangy” flavor and 
development of proper texture, sometimes described 
as chewy. Furthermore, the metabolites of carbohy- 
drate breakdown play an important role in aroma 
formation. In the finiohed product, lactic acid, in 
combination with salt, exerts preservativc effects to 
dry sausages. 

Preparation mcthods for semi-dry and dry sausages 
have been noted by many researchers to be either 
traditional processes or starter culture processes 
(Table 1). Traditional processes in the pre-1940 pe- 
riod were based on natural fermentation by the in- 
digenous lactic acid bacteria present in the meat 
microflora or those introduced from equipment. A 
form of inoculation in traditional processes occurred 
when a portion of a recently fermented meat batch 
was added to a freshly prepared batch, a procedure 
frequently referred to as ‘%ack-slopping.” Following 
the successful development and use of starter cul- 
tures in cheese fermentations, attempts were made to 
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develop starter cultures for meat fermentations. Jen- 
sen and Paddock (1940) first introduced starter cul- 
tures for sausage fermentations, but the majority of 
the bacteria were dairy-type starters and did not 
grow well in the meat environment. 

The primary genera of bacteria which have been 
used for cultures are Micrococcus ( Niinivaara, 1955; 
Nurmi, 1966), LactobucilluE ( Nurmi, 1966; Everson 
et al., 1970), and Pediococcus (Deibel and Niven, 
1957). Micrococci are often added due to their ni- 
trate reducing activity while the lactobacilli and pedi- 
ococci are responsible for the acidification of sau- 
sage. Currently shgle  bacteria cultures and mixed 
cultures of these are available in lyophilized form 
and in a frozen concentrate. 

The fermentation phase in the traditional process, 
whether occurring by chance contaminants and the 
natural flora or starter culture induced, is longer. 
Generally, the fermentation is a gradual process last- 
ing over a 3 to 7 d3y . _  period (Table 1) and controlled 
by temperature. Such a fermentation constitutes the 
“ripening” phase in traditional processes. However, 
use of starter cultures do permit a more rapid fer- 
mentation phase of from 32-40 hr using lyophilized 
cultures and 18-24 hr using the frozen concentrate 
cultures. Rapid fermentations are conducted at high- 
er temperatures (generally 30°C to 37°C) than in the 
“ripening” for the traditional process ( generally 15°C 
to 22°C).  A typic31 comparison of the rate of acidity 
development in bcth processes is shown in Figure 1. 

Starter cultures have been promoted on the basi5 
of control of the fermentation progression to prevent 
development of of€-flavors, gassiness, proteolysis, slime 
formation, lack of acid production, and incidences 
of “greening.” More desirable and uniform product 
characteristics are attained from batch to batch. 

Following “ripening” in the traditional senses, or 
rapid fermentation with starters, sausages are then 
e:ther subjected to some further heating, in the case 
of semi-dry sausages, or placed in an air-conditioned 
drying room, in the case of fully dried sausages. Some 
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6.2 

TABLE 1 

- 

PREPARATION METHODS OF FERMENTED AND DRIED SAUSAGES 

Method 
Category 

Traditional or 
Natural Process 

Starter Culture 
Process 

Fermentation 
Microflora 

indigenous 
lactobacilli (fermenters) 
micrococci (nitrate reducers) 

added 
lactobaci II i (fermenters) 
pediococci (fermenters) 
micrococci (nitrate reducers) 

"Active" 
Fermentation Period 

3 to 7 days 

32 to 48 hours (freeze-dried) 
15 to 20 hours (frozen concentrates) 

varieties of heated sausages may also be further 
dried. 

CHEMICAL CHARACTERISTlCS 

General Composition 

,4s previously indicated, the moisture content of 
various sausage types covers a wide range. A recent 
survey of the composition of dried sausages retailed 
in our area of South Carolina is presented in Table 2. 
Quantities of each chemical constituent reflect the 
end result of the degree of drying practiced for each 
type product listed. In many studies, the increase of 
protein, fat, ash, and salt content have been signifi- 
cantly (P<0.05) correlcited to the decrease in mois- 
ture content during sausage dehydration (Acton and 
Keller, 1974; Keller et al., 1974; Lu and Townsend, 
1973; Wardlaw et al., 1973). The compositio.ia1 data 
of Table 2 agrees with other published values (Pa- 
lumbo et ul., 1973; Palumbo, et ul., 1976; Rice, 1971). 

\ -. 
2 

ACTON AND KELLER (1974) 
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c- HOURS ----j -DAYS IN RIPENING 

FIGURE 1 

Rate of pH reduction during sousoge manufacture. (. - .), 
frozen concentrate starter culture a t  38'C; (x  - - XI, 
lyophilized starter culture at  38OC; ( 0  - O), starter culture 
a t  2 0 ° C - 3  days, then 15'C. 

MuiStt1I-e 

The initial moisture content in sausage prepara- 
tions will vary due to the type and quantity of meat 
tissues and trimmings used. Although added mois- 
ture may or may not be a part of the formulation, the 
orderly removal of moisture after drying is of pri- 
mary concern to the processor. 

Kramlich (1971) stated that the pH of s.iusages 
after fermentation should be near 5.1 to ensure sat- 
isfactory removal of moisture from the sausages on 
drying. In most studies, weight loss of sausages on 
drying has been used as the mcwxremcnt of the rate 
or amount of moisture lost. The results of Townsend 
et al. (1975) using dry salami products with pH 
chemically-adjusted to 6.6 and 5.5 and a control s w -  
sage of pH 5.9 showed no practical differences in 
weight loss over a 24 day period. Similarly, the re- 
sults of Palumbo et d. (1976) with pepperoni of pH 
values ranging from 6.1 to 4.7, showed no direct de- 
pendence of weight loss with pH, However, Acton 
and Keller (1974) found that summer sausages sub- 
jected to drying with a - pH in the range of 5.9 - 5.5 
lost weight significantly slower than sausages in a pH 
range of 4.8 - 4.6. I t  was demonstrated (Figure 2 )  
by measurements of the water holding capacity of a 
sausage mix undergoing fermentation, that the water 
holding capacity decreased to a minimum at pH 5.2. 
In view of these reports, - it is possible that the pH 
effect in controlling moisture loss is not critical as 
long as pH range difference of approximately 0.4 - 
0.6 units is under scrutiny, but, the effect is still open 
to question. The higher water holding capacity of 
sausage mixes at a pH lower than 5.2 (Figure 2 )  sug- 
gests that some protein does remain functional to 
bind moisture and WJS not completely denatured, in 
this case, by a 39°C fermentation temperature over 
a 24 hr period. 

In a study of other variables affecting moisture loss 
on drying of pepperoni (Palumbo et al., 1976), the 
meat particle size obtained by grinding through a 
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TABLE 2 

AVERAGE COMPOSITION AND CHARACTERISTICS OF SOME COMMERCIAL DRY SAUSAGES" 

Nitrogen 
Product Moisture Fat Ash salt Protein N NPN 
Typeb ( % I  ( % I  ( % I  ( % I  ( % I  ( % I  
Le bo non 

bologna (5) 58.92 k 2.84 15.12 i 0.72 4.30 i 0.57 3.53 2 0.65 2.55 -t 0.23 0.47 2 0.04 

Thuringer (13) 48.14 t 1.93 29.77 c 2.80 3.58 k 0.43 2.74 t 0.32 2.26 2 0.16 0.32 2 0.04 
Semi d ry 

Summer 

salami (8) 46.62 k 4.67 30.24 i 3.79 4 . 3 6 k 0 . 4 0  4 . 0 9 2 0 . 5 5  2 . 4 0 t 0 . 1 2  0 . 3 5 t 0 . 1 0  

sausoge(19) 46.34 5 5.56 31.06 & 5.61 3 . 7 4 k 0 . 5 2  3 . 1 5 2 0 . 5 1  2 . 2 7 ~ 0 . 1 5  0 . 3 5 k O . 0 7  
Genoa 

salami (8) 36.21 I 2.57 33.67 i 1 .77  5.84 t 0.62 4.54 t 0.54 3.04 2 0.24 0.58 t 0.08 

Dry 
salami ( 1  1 )  35.49 k 3.02 34.04 1 3.50 5.43 t 0.68 4.67 k 0.53 3.02 t 0.19 0.54 2 0.05 

Pepperoni (14) 28.50 3.83 42.96 z 3.73 5.14 k 0.49 4.43 & 0.74 2.91 2 0.25 0.43 k 0.04 
S.F. dry 

salamic (4) 26.36 i- 3.39 38.08 & 2.26 5.94 t 0.17 4.70 2 0.52 3.83 t 0.47 0.42 I+ 0.04 

aData from Acton and Dick (1976) 
bNumber of samples analyzed given in parentheses 
%hipped from California. 

EXTRACT RELEASE 
VOLUME 
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FIGURE 2 

Water holding capacity of sausage meat during fermentation 
(Acton and Keller, 1974). 

3/16 inch, 3/8  inch, or 5;s inch plate had no effect 
on final product yields at 42 days. Similar conclusions 
were reached in a study of weight loss comparisons 
over a 4.5 day drying period for a summer sausage 
style dried product (Keller et d., 1974). 

The casing diameter cr satisage six, has a signifi- 
cant effect on the rate of drying for most products 
(Keller et al., 1974; Paliunbo et til., 1976), with larger 
sizes drying more slowly (Figure 3 ) .  Length of the 
sausage or sausage weight does not influence weight 
loss. 

The percent fat has a significant effect on weight 
loss (Table 3 ) .  PalumEo et ol. (1976) reported that 
with pepperoni, as the fat content of initial mixes in- 
crease, sausage: will lose less moisturc, because thew 
is less moisture in the initi'1.1 mix. Thus the yield re- 
sults are higher. 

Small efiects on yield of pepperoni were reported 
(Palumbo e t  nl., 1976) for variation in meat type 
(pork, beef, and blends), cure typv (none, nitrate, 
nitrite, and combination ), and post-fermentation heat- 
ing ( n o  heating, 49"C, 60°C). They are probably in- 
significant in their effect on moisture loss, however 
cther sausage characteristics such as flavor and tex- 
ture are probably affected by these variables. Inter- 
estingly, salt levels from 0-4% had no effect on yields, 
but did affect SdLlSage diamclter when 0% salt (49.5 f 
0.3 mm) was compared to 1% through 4% salt levels 
(43 5 2 mm) .  Kramlich (1971) has stated that salt 
addition should occur toward the end of sausage 
mixing or blend ng to ensure proper bind but not to 
the extent that large amounts of prote'ns are ex- 
tracted. He stated that . . . "This p r o c d w c  helps 
asstire the orderly removal of moisture from the sau- 
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FIGURE 3 

Comparison of percent moisture of the inner and outer portions 
of fermented sausages of varying casing diameters during the 
drying phase (Keller et  al., 1974). 

TABLE 3 

EFFECT OF MEAT PARTICLE SIZE (GRINDER PLATE) AND 
IN IT IAL  FAT CONTENT O N  SAUSAGE YIELD FOR A PORK 

BEEF PEPPERONI DRIED 42 DAYS.8 

Description 
Variable Plate size Percent Sausage Yield, Yo 

No. (inch) fat M e a d  k S.E. 
1 3/16c 13.3 48.0a t 0.10 
2 3 / 1 6 c  17.4 53.0e t 0.30 

3 3 / 1 6 c  25.1 58.25f -t 1.05 

aAdopted from Polumbo et al. (1976) .  

bMeons within o coiumn having one of the some letters ore 
not significontly different a t  the 9 5 %  confideice level. 
S.E. = stondord error of meon. 

CSimilor doto were obtained for sousoges prepored from 
rneot fot  mixtures ground through 3 / 8  ond 5 / 8  in. plates. 

sage interior during drying.” No studies have been 
conducted to ascertlin whether this be true or not. 

A point here should be noted about weight losses 
and the relationship to moisture-to-protein ratios. 
Once a specificd moisture-to-protein ratio is attained 
during drying, there should be no reason to continue 
drying a product. A proper adjustment of the mois- 
ture and fat content of an initial meat selection, keved 

economic meaning in terms of product yield brling 
at its maximum in the minimum of time as long as 
the moisture-to-protein ratio is attained. Iloisture-to- 
protein ratios are the most useful criteria to judge 
the amount of moisture removal necessary for the vari- 
ous types of dried product categories. For example. 
a moisture-to-protein ratio of 1.9 to 1.0, the maximum 
permitted for Italian dry salami, and generally a 
moisture-to-protein ratio of no greater than 1.9 to 1.0 
and a pE-1 of 5.0 or lower is necessary €or a product, 
by USDA permission, to be marketed in ‘I nonrefrig- 
erated state. 

FATS AND THE ROLE OF FATS 
I N  FLAVOR DEVELOPMENT 

The type of fat used in the preparation of dry 
sausage will influence flavor characteristics, particu- 
larly as tEe source of fat shifts from being all beef 
origin to all pork origin. However, specie,-specific 
flavors in cured products may not be AS important 
as they are in uncured products. The dist’nctive 
flavors of dry sausagc.~ are due in part to the hydro- 
lytic and oxidative changcs that occur in the lipid 
fraction during ripening. Other product flavor char- 
acteristics are definitely associated with spicing com- 
bindtions, salting. dcidity developed for “tanginess,” 
residual 5ugars, apd the amount of smoking practiced 
( Deibel, 1974). 

Hydrolytic Changes 

The hydrolytic changes in fats are due mainly to 
the action of bacterial lipases, resulting in variable 
quantities of free fatty acids and glycerol. In the 
CJSC of non-heated drv sausages, it is possible that 
mme hydrolysis mav occur through muscle and zdi- 
pose tissue lipases (‘\Vallach, 1968). The flavor de- 
veloped by lkase activity depends on the composi- 
ticn of the fat. Hyclrolysis of pork and beef lipids 
generally results in the production of long-chain free 
fatty acids which do not contribute substantially to 
off-flavors unless fatty acid oxidation also occurs 
( Bennion, 1972 ) . 

Micrococci are generally accepted as being the prc- 
domynant group of micro-organisms responsible for 
hydrolysis of fats in dry sausage (Cantoni et al., 
1967), but recent studies show that some species of 
lactobacilli produce very active lipases at 20°C and 
37°C (Stoychcv et a!., 1972a, 1972b; Corctti, 1965). 
Lipases prefcwntially hydrolyze the outer fatty acids 
of a triglyceride molecde ( Alford et a!., 1971 ). 

to stmdard drying room criteria of airflow, humidity, 
and temperature, can determine the minimum time 
requirements for moisture removal. This can have 

There i \  extensive literature that demonstrates that 
the quantity of free fatty acids increases during rip- 
ening. hlihalyi and Kormendy (1967) reported an in- 
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crease in free fatty acid values in both the inner and 
outer zones of a Hungarian dry salami (of freshly 
choppcd pork and bacon) aged for 100 days (Table 
4 ) .  The outer zone showed ‘1 higher level of fatty 
acid5 than the inner zone and this was attributed to 
the possible lipolytic activity of surface mold cover- 
ing their p r d i c t .  It is important to note that their 
product never exceeded a temperaturca of 15°C dur- 
ing pi eparation, cmoking and subsequent drying. Lu 
and Townsend (1973) prepared a dry salami of 
coarse ground pork which was inoculated with Pedi- 
OCCGCCUS acidilnctici and fermented at 38°C for 18 
hr, and tl-en held at 13°C for 35 days for drying. 
Their sausage also showed an increase in free fatty 
ac’d value5 duiing the drying period and had paral- 
lel incre‘ises in ncroxide values ( Table 5 ) .  

DcJmeyer et a l .  ( 1974) recently reported that of the 
fatty acids di5tiibuted in the triglycerides of a dry 
sausage containing predominantly pork fat, linoleic 
acid was libclrated at a faster rate than all of the 
other dcids (Fip;urc> - 4 ) .  Rrockerhofl (1966) has shown 
that in pig fat triglycerides, mo5t of the stearic acid 
(approx. 60%) is locatcd at position 1. palmitic acid 
(approx. SO-SO%) at poqition 2, and octadecenoic 
acids (approx. 50-6WZ); are located at position 3 on 
the trigiyceride molecule. Demeyer et al. ( 1974) 

TABLE 4 

FREE FATTY ACID VALUES (mg KOH/g fat) OF 
HUNGARIAN DRY SALAMI DURING RIPENING.. 

Doys of  Sausage Portion 
Ripening Inner zone Outer zone 

IO 6.07 3.88 

40 11.28 12.40 

7 0  14.81 18.29 

100 17.68 20.62 

aAdapted from Mihalyi and Kormendy (1967).  

TABLE 5 

FREE FATTY ACID VALUES (mg KOH/g fat) A N D  
PEROXIDE VALUES OF A FERMENTED DRY SALAA4I.a 

Days of  Free Fatty Peroxide 
Ripening Acid Value Value 

0 3.08 10.3 

14 6.39 17.4 

21 6.90 12.9 

28 6.56 16.9 

35 11.66 20.6 

aCalculated from data for control sausages in study of Lu 
and Townsend ( 1  973). 

found that the rate of hydrolysis to free fatty acids 
decreased in the fol lou~hg order based on their con- 
tent in the total free fatty acid fraction: linoleic > 
oleic > stearic > palmitic. This clearly indicated 
specificity of hydrolysis at position 3 of the trigly- 
ceride molecule. 

The difference observed for linoleic and oleic acids 
was attributed to positional andlor structural specifi- 
city, a characteristic known to exist for microbial 
lipases (Alford et a!., 1971). 

During ripening of an Italian “pure p o r k  d a m i ,  
Cerise et a!. (1973) reported that oleic acid was the 
principal free fatty acid found in the lipid fraction. 
Dobbertin et al. (1975) exdmined fresh Mettwurst 
for lipolysis evidence during various periods of stor- 
age at several temperatures. They found yeasts, pseu- 
domonads, and enterococci which exhibited a high 
lipise activity while the lactobacilli present showed 
no evidence of lipase activity. They further concluded 

% o f  t o t a l  i n  F.F.A. 

I BATCH A 
I 

m}  

18:l 
18 0 
16:O 

1 .  . . . . . . . . ,  
10 2 5  J 5  50 D A Y S  

*/* of t o t a l  in FFA.  

I 10 

B A T C H  B 

10 2 5  35 50 DAYS 

FIGURE 4 

Percent of total palmitic (16:0), stearic (18:0), oleic (18:l) 
ond linoleic (18:2) acid present in the free fatty acid fraction 
(Demeyer et al., 1974). 
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that the degree of lipase activity is independent of 
the total bacterial count. 

Cerise et crl. (1973) proposed that the ratio of free 
oleic acid at time “t” of drying to the free oleic acid 
content at time “t = 0 could be used as an indicator 
of lipolytic activity. This may serve some value, par- 
ticularly if the sausage is not subjected to mild heat- 
ing after fermentation since Coretti (1965) found that 
some lactobacilli appear to form lipase activity adap- 
tively in later generations. 

At the current time it appears that the quantity of 
free fatty acids generated is not directly related to 
the length of a drying period. Rather it appears that 
the quantity is primarily determined by the nature 
of the sausage microflora, either developed or con- 
troIled via inoculation, in the earIy fermentation 
phase and drying period. 

Oxidutitje results 

In the report of Cerise et al. (1973), using a tra- 
ditional ripening process, there were two distinct 
phases o f  lipid changes. In the early ripening phase 
of fermentation, lipolysis occurred to yield free fatty 
acids, which in turn were oxidized by peroxides to 
carbonyl compounds in the drying phase. As the car- 
h n y 1 s  were formed, there was a reduction in the 
amount of some frcc fatty acids as well as peroxides. 

A geiierali7cd scheme of this sequence of events 
can bc summarized as yhown in Figure 5. Here we 
note that as peroxides begin to accumulate, and in 
the presence of free fatty acid generation from lip- 
olysis, we have a good possibility for oxidation of the 
unsaturated fatty acids. As oxidation occurs, gener- 
ally there is a dccreaqe in peroxide values. Carbonyl 

~~~~ 

HYDROLYTIC AND OXlOATlVE CIkfAt\IGES FOR LlPlOS 7 
PER OX IDES TOT/r\L 1 

CARUONYLS /T / 

-- 

TlklE P-Z 

FIGURE 5 

General sequence o f  lipid fraction changes due to hydrolysis 
and oxidative activities. 

content increases as a result of the oxidation of fatty 
acids. 

The fact that peroxide values decrease rapidly 
after the fermentation phase was also shown (Figure 
6 )  by Cerise et al .  (1972). Peroxide values increased 

CERISE et a/ (1972) I- 40 8 
- 

a Y 
\ 0” 30 
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-DAYS IN RlPlNlNG -+ STORAGE + 
0 1 2 3 4  6 8 15 

I 

( 2 1 ° C )  ( 1 2 ° C )  

1 I I 1 

0 1 2 3 4  6 8 15 30 45 60 
-DAYS IN RlPlNlNG -+ STORAGE + 
( 2 1 ° C )  ( 1 2 ° C )  (15°C) 

FIGURE 6 

Peroxide values during sausage ripening (0  to 3 days a t  2 loC,  
then stored at  12OC) (Adapted from Cerise et al., 1972). 

dramatically between the second and fourth days 
(fermentation of 3 days at 21°C) and remained high 
through S days before decreasing to below initial 
levels at 15 days of ripening. At day 4, the sausage 
had begun the drying phase at 12°C. The peroxide 
values were correlated with the formation of free 
fatty acids. 

The source of peroxide in sausage preparations is 
from bacterial metabolism ( Lamanna and Mallette, 
1965) and more frequently occurs in aerobic growth 
conditions. Nurmi ( 1966 ) reported nearly equivalent 
amounts of peroxidr formation at 3 days of sausage 
ripening with micrococci and/or lactobacilli. How- 
ever, after the 3 day period of “active” fermentation, 
sausages containing micrococci decreased in peroxide 
content while sausages containing lactobacilli con- 
tinued to show peroxide presence at higher levels 
than initially observed. Both micrococci and lacto- 
bacilli can be strong producers of peroxide. However, 
while micrococci are catalase-positive ( denoting abil- 
ity to convert H 2 0 2  to H 2 0 ) ,  lactobacilli are gener- 
ally cntalase-negative although catalase-positivc, 
strains are known. Niirmi (1966) pointed out that 
faulty product flavor and color may occur when 
catalase-negative lactobacilli are used as starters for 
sausage ripening and further suggested that catalase- 
positive lactic bacteria should be isolated for fer- 
mented sausage use. 

There ale three factors that might be associated in 
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dry sausages to contribute to fatty acid oxidation fol- 
lowing lipolysis: 

1. 

2 

3. 

The increase in peroxide content as a result of 
bactei ial metabolism as previously noted, 

The increase in SaCl  ( prooxidant) content 
during drying, 

The change in pH value from near 6.0 to pH 
5.0 to 4.8 ( a s  evidenced from fresh pork sau- 
sage rancidity study of \Vatts and Peng 
(1947) ). 

The influence of pH as related to peroxide accumu- 
1at:on and fatty acid oxidation in dry sausage has not 
been investigated. 

Hydrogen peroxide, as formed by bacterial metab- 
olism, is an available reactant in the oxidation of free 
fatty acids generated by lipolysis. In addition, fatty 
acid oxidation may also result from autooxidation as a 
result of oxygen uptake to form unstable lipid hydro- 
peroxides. Fatty acid oxidation leads to the forma- 
tion of c-irbonyl compounds, which, as a group, are 
extremely important flavor contributors in dry sau- 
sage. Carbonyl compounds accumulate during both 
the “active” fermentation phase of ripening and the 
extended drying period. The evolution of total car- 
bonyl compounds ( isolated as the 3,4-dinitrophenyl 
1~ydrozonc.s ) for a dry sausage of predominantly pork 
fat (as  lipid constitucwt) is shown in Figure 7 (De- 
meyer et-al. ,  1974). The carbonyl content increased 
dur:ng the first week of ripening which is probably 
due to those formed in carbohydrate fermentation, 

- E 300t 
a 275 

-$ 250 
F 

225 

1’75 
E 
8 150 
-1 

0 
z‘ 125 !- 

DEMEYER et ul. ( 

\ I  
/ \ ‘  

/ $1 

/’ 1974) 
/ 

/ 
/ 

b 
/ 

I 
I 

/ 

~~ % 100 
0 0 5 10 15 20 25 30 35 4 0  45 

DAYS OF RIPENING 

FIGURE 7 
Changes in total corbonyl content (as 2, rl-dinitrophenyl- 
hydrazones) during dry sausage ripening (Adapted from De- 
meyer et al., 1974). 

while the increase in the last stages of ripening or 
drying are probably the result of fatty acid oxida- 
tion. This explanation was suggested from the re- 
sults of Cerise et al. (1973) and Demeyer et d. 
(1974). Lower levels of volatile monocarbonyl com- 
pounds were found in smoked-dried Swedish fer- 
mented sausage as compared to similar nonsmoked- 
dried sausages by Halvarson (1973). This was 
thought to be due to the presence of phenolic com- 
pounds in the smoked sausage which acted as anti- 
oxidants, thus providing some protection against fatty 
acid oxidations. 

Some 29 volatile monocarbonyl compounds were 
qualitatively identified bv Halvarson (1973) in their 
study of Swedish fermented sausage. Of these, 18 
were quantified and the dominating substances were 
cthanal, propanal, propanone, and 2-methyl and 3- 
methyl butanal in concentrations of 0.6 to 3.6 mg 
per kg of sausage. A l l  the straight chain alkanals up 
to octanal, with the exception of butanal were de- 
tected, as well as several- methylketones, 2-alkenals, 
and 2,4-alkadienals. Langner et c i l .  (1970) had earlier 
reported qualitative identification of twenty-nine car- 
bonyl compounds during ripening of a dry salami. 
Formaldehyde and acetaldehyde made up  the greater 
portion of the carbonyls. Langner et al. (1970) and 
Halvarson ( 1973 ) cmsider the lower molecular 
weight c-irbonyls (probably from carbohydrate fer- 
mentation ) to possess minimal value for characteris- 
tic sausage aroma and both state that the main aro- 
ma producers are the higher molecular weight car- 
bonils ( probably from fatty acid oxidation ) .  In par- 
ticular, unsaturated carbonyls, such as the 2-alkenals 
and the 2,4-alkadienals, are potent flavor compounds 
typically present in  oxidized pork fat, and present 
to a limited extent in oxidized heef fat (Hornstein 
and Crowe, 1960; 1963). The actual content of total 
carbonyls reported for dry sausage ranges from ap- 
proximately 16.7 to 143 mg/100 g of dry sausage or 
roughly 0.028 to 0.1% (Langner, 1972). 

PROTEINS OF DRY SACGAGE 

Meat proteins in dry sausage preparation are not 
extracted to develop the same functional propertie5 
uniquely desired and associated with finely com- 
minuted or emulsified products. Solubilization of the 
salt-soluble myofibrillar proteins is necessary but not 
to the extent found in comminution. The meat par- 
ticles of dry sausage are larger, as the amount of 
cutting action is either restricted or coarye grinding 
is practiced. 

Following meat selection and sequence addition of 
lean meaty, then fat meats, the cure and seasoning in- 
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gredients are “cut-in” or blended into the meat mix. 
Salt addition is generally toward the end of blending. 
If  a starter culture is used, salt will be added prior 
to batch inoculation. 

Protein Soltibility in the Fermentation Phase 

Several recent studies by Klement et al. ( 1973; 1974; 
1975) and MJardIaw et al. (1973) have characterized 
the solubility changes of the various protein fractions 
during the fermentation and drying phases. Three 
conditions that exist during fermentation or fermen- 
tation with mild hest processing must be noted with 
respect to protein changes: 

1. The meat mix contains salt, 2.5 to 3.0% on a 
total weight basis, but since the meat mix is 
generally about 60% water, the actual salt con- 
centration in the aqueous, brine phase is about 
4 to  5%. 

2. The meat mix is progressively enriched in hy- 
diogen ions as lactic acid is produced from 
carboh) drate fermentation; 

3. The meat mix is subjected to a continued and 
cumulative thermal energy input over the time 
course of fermentation. 

As a result of these existing conditions, If’ardlaw 
et al. (1973) reported a 36% increase in the total in- 
soluble protein nitrogen fraction of a fermenting sau- 
sage mix. TI-e increase could be explained by the de- 
naturation of the myofibrillar and sarcoplasmic pro- 
tein nitrogen fractions. Klement et al. (1973) report- 
ed decreases in the solubility of myofibrillar proteins 
of fermenting sausage ranging from 50-60%, and of 
sarcoplasmic proteins ranging from 21 to 47% under 
conditions of declining pH (from pH 5.3 to p H  4.9 
or 4.6) and n e x  constant temperature (about 37°C) .  
The decrease in solubility of sarcoplasmic protein 
fractions duc to pH was not as extensive nor as rapid 
when compared to the loss of solubility by the myo- 
fibrillar fraction. 

Further study of the effect of pH and salt on ex- 
tracted protein fractions was conducted by Klement 
et al. (1974) in a model svstem with bacterial fer- 
mentation occurring in the protein extracts (Figure 
8 ) .  A 35% decrease (P<O.01) was observed for myo- 
fibrillar proteins as the pH decreased from 6.2 to 5.5. 
A further reduction (P<0.01)  in solubility of about 
251% occurred when the DH decreased from 5 5  to 
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FIGURE 8 
Percent solubility versus p H  during fermentation of various 
protein preparations a t  37OC (Klement et at., 1974). 

solubility reduction occurred in the same pH range. 
At pH 4.6, both salted and unsalted fraction5 of sar- 
coplaqmic proteins had retained greater yolubility 
(P<O.l)  when compared to the myofibrillar fraction 

In a third study by Klement et u1. (1975) using the 
same model s&em but with direct acidific ition by 
lactic acid, the myofibrillar fraction w‘is found to be 
more susceptible to denaturation by heat as com- 
pared to denaturation by pH reduction alone. As was 
previously noted, both conditions are intcrrelated 
during fermentation Sarcoplasmic proteins also ex- 
hibited loss of soliibilitv due to the acid ‘ind heat ef- 
fects, but the reductionr were not as great as the 
wlubility lo5ses found in the myofibrillar fraction. 

In ripened sausages where the temperature does 
not exceed 22”C, similar losses of solubility in both 
prote’n fractions occiir during the first 10 days (Mi- 
halyi and Kormendy, 1967; DeMetelaere et d., 1974). 

The effects of heit ,  pH and salt concentration on 
e.ich protein fraction agree \vcll with the ctarlier, more 
basic studies of Paul et al. (1966), Trautman (1964), 
Scopes (1964), Sayre and Rriskev (1963) and others. 
Thus the findings in fermented sausage5 do not vary 
from tbe expected or established solubility properties 
of the muwle proteins tinder similar conditions. 

I 

4.6. Sarcoplasmic proteins, in the absence of salt, 
showed an approximately linear decrease in solubil- Firmnms Decelopment in the Fermentntion Phase 

L I  

ity amounting to 17% as pH decreased from 5.5 to 
4.6. However, in the presence of salt, 0.67 M, a 28% 

In applying the results to explain the development 
of firmness of sausage during fermentation, the three 
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studies of Klement et nl. (1973; 1974; 1975) suggest 
that salt, while aiding in solubilization of myofibril- 
lar proteins ( to  the extent nceded),  also aids in the 
insolubiIization of the sarcoplasmic proteins. Addi- 
tionally, the progressive decrease in p H  of fermen- 
tation results in a continual decline in the solubility 
of the myofibrillar proteins. When the salt effect and 
pH effect are furthPr inkeracted with the cumulative 
heat effect, the solubilities of both fractions decrease. 
The major effect is on the myofibrillar fractions. 

Shear analysis of sausage cores, conducted during 
fermentation, has shcwn that firmness development 
is related more to the effects of pH and heat on the 
myoSbril1.u prot! ins than 011 the sarmplasmic pro- 
teins (Klcment et u!., 1973). Salt also aids in en- 
hancIng denaturaticm of sarcoplasmic proteins under 
fermenting conditions, but its primary role is prob- 
ably greater in determining textural aspects related 
to binding the mc at mass together, as was suggested 
by Pdlumbo et NI. (1976). In fact, in nonfermented 
control sausage's subjected to the same conditions as 
fermenting sauscges in the study of Klement et nl. 
(1973), no firmness develo~ment was evident until 
heat was applied at thc end of fermentation. Even 
then, shear values were lower for the control sau- 
sages than for thc fermented saus:iges. 

Firmness Decelopment uncl Protein Cha.nges 
in the D y i n g  Plzase 

In the drying phase there is a cmtinual develop- 
ment of the tevtural charactcristics of firmness or 
hardness and cohesiveness of meat particles. In com- 
paring shear values between the various studies, i t  is 
difficult to Lisccrtain what a snecific value mems. 
However, shear values during drying in each studv 
do show a corrclition to drying time (Acton and 
Kellcr, 1974; Keller et al., 1974; 1Vardlaw et nl., 
1973). sausage moisture content ( Wardlaw et al., 
1973), s-iusage diameter (Kcller et uZ., 1974). and in 
some cases, dependence on the initial grinding pro- 
cedure ( Ke!lcr et d . ,  1974). 

In sausages which have h e m  heated to between 
35°C and 63°C (Klement et ul., 1973 and Wardlaw 
et ul., 1973, reyectively), vcry little myofibrillar or 
sarcoplasmic pi-oteins remain soluble, most having 
been dcnaturcd under the conditions of low pH and 
heit  application. However, in ripened sausages not 
subjected to heating beyond the mild conditions of 
fermentation, some protein of both fractions remain 
soluble ( Mihalyi and Kormendy, 1967; DeKetelaere 
et al., 1974) in the early ripening period. Sokolov and 
Tchekovskaya ( 1971 ) reported aggregation of myo- 
fibrillar proteins during dry sausage ripening, accnm- 

panied by the formation of disulfide bonds, There 
was also tbe appesrance of eIec:iost-tic and hydroge m  
bonding among the proteins. 

However, Sandholm et al.  (1972) reported an in- 
crease in the content of sulfhydryl groups in dry 
sausage from approximately 47 - SH/g sample 
initially to aapioi’mately 554 PM - S H / ~  sample at 
the end of 20 cla!s of ripming T1-ey wggested th i t  
sulfhydryl groups increased due mainly to the IC- 

duc i m  of disulfide groups of the meat proteins rath- 
er than to the unfolding of the protein molecules. 
These findirgs are not wit’:out question because be- 
twen-m diy-20 2nd the nevt and final analysis period 
‘it day-29, thc, Concentration cf sulfl:) dry1 gioups dr-1- 
maticilly dccreased to below the i i t i a l  level found 
at day-0 of ripening. 

Nonproteiti Nitrogen Fraction Chmges 

Several studies have demonstrated that an increase 
in nonproteyn nitrogen conteilt occurs in dry saussge 
prccesshg, primarily during mild heating and/or 
during ripening. Wardlaw et aE. (1973) reported an 
approximate 60% increase in NPN content after heat- 
ing fermented sunnier sausages to 63°C. Klement et 
al. (1973) reported only a slight increase for fer- 
mented samples as compxed to a larger increase in 
cmtrol si,.usngcs heated to 55°C. Results in a model 
fermentat:on system (Klement et d., 1974) showed a 
marked increase in NPN content in myofibrillar pro- 
tein preparations as compared to a sl’ght increase in 
sarcoplasmic protein preparations (Figure 9 ) .  Ir- 
respective of the origin of the NPN compounds, in- 
creases have also beer1 noted during drying by Ward- 
law et al. ( 1973) and during ripening by Mihalyi 
a r d  KO:-mendv (1967), Reuter and Langner (1963), 
2nd Dierick et a!. (1974). 

Dierick et al. (1974) recently re:orted on cnnc-n- 
tration changes for ammoniii, total and free amino 
ecids, tctal peptides, nucleotides, nucleosides and 
some :.mines during ripening of dry sausage with 
and w’t!icut starter culturcs. The rate of production 
of f ‘ e z  r.mino :.c’ds increased as peptides dexeised 
when starters were used. Over a 36 d.iy period the 
concentrations of all fie:. amino acids, with the ex- 
ception of glutamic, histidine, tyrosine, and orni- 
thiix, increased. The major free amino ac’ds which 
increased in cmcentration were alanine, leucine, 
valinc., serine, glycine and proline (Table 6 ) .  Dc- 
carboxylation prodiicts of the amino acides histidine, 
tyrosine, 0:-n’tl-inc, and lysine were reported, with an 
approximate 10-fold inc:rease in histamine, tyramine, 
and putrescine occurrirg in the 36 day reriod (Fig- 
ure 10). Rice and Koeliler (1976) recently reported 
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Change in nonprotein nitrogen (NPN) versus pH during fer- 
mentation of sarcoplasmic ond myofibrillar proteins a t  37OC 
(Klement et al., 1974). 
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Concentration of some amines at various stages of ripening 
in dry sausage (mg/100g dry matter) (Dierick et ol., 1974).  

TABLE 6 

CONCENTRATIONS (mg cy-NH,-N/lOOg dry motter) OF 
FREE A M I N O  ACIDS DURING RIPENING OF DRY SAUSAGE.a 

Free Amino Acids 0 15 36 
Alanine 10 20 2 0 9 0  2 5 2 0  

Leuc i n e 1 0 6  1 1  50 1 3 3 0  

Valine 1 44 6 35 8 85 

Serine 1 73 5 50 9 10 

GI yc i n e  3 00 6 15 8 80 

Prolire 0 3 40 5 50 

Days of Ripening 

aAdapted from data o f  Experiment 2 in study of Dierick 
et al. ( 1  974). 

that Pecliucoccir crcitliluctici and Luctobrrcillus pluii- 
tcrrttni from commerc'al starter cultures do not exhibit 
appreciable tyrosine or histidine decarhoxylasc ac- 
tivity. Extrcmely low lcvels of histamine and tyra- 
niinc were found in their fcrmented sausages when 
compared to the lcwcls found in the traditionally- 
ripened sausages of Dierick et al.  (1974). 

In the literature review of Dierick et al. (1974) 
studies are cited which indicate that the free amino 
acid production in saisages is partly due to bacterial 
protease activity. Since the major increases in free 
amino acid conccntratlon were found in the first 15 
d a w  of ripening, the findings of Dierick et  al. (1974) 
support the observations of Rcwtcr ef riZ. (1968) who 
found that the microflora associated with free amino 
acid production was usually predominated by lacto- 
bacilli. In addition, thc report of Pczacki and Urban- 
iak (1963) indicated that the number of b:icteria pos- 
sessing proteolytic activity does not dccrc~asc during 
the drying phase of riprning. 

The composition and concentration of the free 
a m h o  acids, peptides, nuc!eotides, nuclcosides, and 
amines contribute, to a largc extent, to the aroma and 
flavor developed in traditionally ripened dry salami 
( Dahl, 1970). No literature source' is available cur- 
rently to assess the extent of production of these 
compounds i n  sausage pyepared with startrr ctiltiirc's 
under higher heat and 'or mild cook processes. 

CARBOHYDRATES 

The range in carbohydratc content for dried sau- 
sage products is generally 1.2 to 1.7% in the finished 
state (Rice. 1971 ) .  The rcbsidual carbohydrate con- 
tent following thcl active fermentation phase could 
be much lowc~r but the residual is concentrated dur- 
ing the dehydration phase. As previously stated, the 
sole purpose for adding simple sugars to dry sausdgr 

-58-  



formulations is to provide the fermentation substrates 
for the production of lactic acid. Tandler (1963) 
stated that the quantity of sugar needed depends on 
the type of sugar added, the curing substances used. 
and the ripening proc-ss followed. Andersen and 
Ten Cate (1965) reported that approximately 1% 
sugar is needed to yield a reduction of approximately 
1 pH unit during fermentation. In methods using 
starter culturcs, recommendations (Anon, 1969, 1972) 
iirr for the use of a minimum 0.75% siigar as glucosc 
for proper starter activitv. Carbohydrates other than 
glucose, primarily sucrose and corn syrups or corn 
syrup solids, are suggested ingredients in some for- 
mulations where starter cultures may or may not bc 
included (Kom-irik et al., 1974; Kramlich et al., 
1973 ) . 

The conversion of either sucrose or glucose to lac- 
tic acid is due prim-irily to the homofermentative 
hxter ia  ( Deibel. 1974 ). Selectivc growth of this 
group of bacteria is favored by the anaerobic naturc 
of the mest miuture and the presence of salt. How7- 
cver, in a normal mixed bacterial flora, part of the 
carbohydiate present may be mc,tabolized by non- 
I~omofermentative bacte:ii via heterofermentative 
pathways (Pezacki and Szostak, 1963; Andersen and 
Ten Cnte, 1965). 

An additional source of cvtohydrate  disappear- 
ance may occur during the drying phase of manu- 
f .ic:urc,. This occurrence appears to involve oxida- 
tive dissimilation of residual sugar by part of the 
surviving active flora, yielding rneisurable quanti- 
ties of carbon dioxide and water (Pezacki and Jaros- 
zewski, 1963; Pezacki and Fiszer, 1970). 

Types of Carbohydrates in Ferrnentmtions 

Thcrc. are studies which demonstrate that carbo- 
hydrates other than the “simpler” mono- and dis‘ic- 
charides may serve as suitable fermentable substrates 
for bacterial production of acid in saussge (Tandler, 
1963; Coretti and Tandler, 1965; Pycrz and Pezacki, 
1974, 1975, Urbaniak and Pezacki, 1975; and Acton 
et d., 1977). Tandler (1966) stated that acid pro- 
duction was more rapid in fermentations with mono- 
saccharides as compared to disaccharides. ’ilihen fer- 
mented, a dry starch syrup (undefined), dextrose, or 
sucrose, were found to vield equal amounts of acid 
in traditionally ripened dry sausage (Coretti and 
Tandler, 1965 ) ,  wherex  lactose yielded inferior prod- 
uct result7. 

In testing the fermentative ability of 129 bacterial 
isolates from ripened sausage, Urbaniak and Pezacki 
(1975) reported that all isolates fermented glucose, 
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many fermented sucrose, and a few fermented mal- 
tose. Acton et al. (1977) found that for sausages con- 
taining 1% of carbohydrate, fermentations (24 hr at 
38°C) with the starter Pediococcus acidiluctici 
showed equivalent p H  reduction and lactic ac‘d yields 
for sucrose or glucose. Maltose yielded 78% of the 
acidity found for glucose while lx tose  and dextrin 
yielded slight, insignificant levels of acid. When corn 
syrups were tested in the same manner, Acton et cl. 
(1977) found that the amount of acid produced was 
depcndent on the quantity of simpler carbohydrates, 
glucose and maltose, in.tially available in the corn 
syrup prep-irations. The yields of lactic acid were re- 
lated to the available “simpler” substrates. Pyrcz and 
Ptzacki (1974) found that the peak period of lactic 
acid produc;ion in ripening sausages was correlated 
with the molecular weight of the carbohydrate. As 
the molecular weight of the carbohydrate substrate 
increased, a longer per‘od was required to attain ade- 
quate fermentation end products. Pyrcz and Pezacki 
(1974) also stated that the tendency toward homo- 
fermentation by the lackic acid hacteris in dry sau- 
sage increased as the molecular weight of the ear- 
bohydrate increased. 

From a practical viewpoht, these studies do con- 
firm the fact that at least 0.75 to 1 . a  utilizable sub- 
strate would yield a satisfactory fermentation. How- 
ever, adjustments of two types may be necessary: 

1. The time period and temperature of fermenta- 
tion should bc suited to the type or source of 
carboh;rdrate substrate furnished; 

2. The quantity of carbohydrate added should be 
based on initial mix pH. At p H  values above 
6.0, a minimum of 1% would be suggested; at  
pH values of 5.8 or below, 0.75% would be suf- 
ficient. 

tuctic Acid and Other Fermenfation End Products 

As previously noted, additional components besides 
lactic acid are formed in the early “active” ripening 
phase associated with fermentation. DeKetelaere et 
al. (1974) related the stoichiometry of carbohydrate 
disappearance in terms of lactate and acetate produc- 
tion. Theoretically, for each mole of hexose ferment- 
ed, two moles of lactate and/or acetate should be 
formed. In practice, results agree with the theoreti- 
cal calculations, in most instances, averaging 95% of 
expected lactate and/or acetate production. Of the 
two acids, acetate generally is present at about 7% of 
the total of the two. When these results are experi- 
enced, it is indicative of an anaerobic conversion 
which is essentially homofennentative. 
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In cases w h c ~ e  final yields of lactate and acetate 
,iverage 65 tn 85% (DeKetelaere et al., 1974; Fiszcr, 
1970), thc deviation from theorctical ,ields may be 
related to stoicEiometric imbalances found in the 
first two to three days of ripening and near the end 
of the drying phase. 

In tially, the numbc: of microc7cci presrnt in the 
sausage mix ale fairly c3mpaiable to the number of 
lictobacilli prescnt (Reuter et < I ,  1968). In addition, 
whew sausagcs are stuffed n7ithout vacuuming thc 
mix, a higher oxygen concentiation will he present. 
\Vith thtsc above two factor5 iq mind, cwipled with 
t’ie f x t  that the growth of micrococci. but not the 
1 -ctobac;lli, is stimiilTted by oxygen, the micrococci 
niav contribute t3 a more complete oxidation of part 
of the total ~v,.ilable carbohydrate. The iesult is thc 
production of some caibon dioxide and water in the 
first two to thrte da)s of ripening. and thus a stoichi- 
ometiic imbalmce occurs. 

‘Csing 1“-labelled-glucose, Fiszer ( 1970) found 
production of labcllcd lact c acid, carbon dioxide, and 
small quantities of labelled aldehydes, ketones, and 
ethanol in thr early ripening p: riod for dry sausage. 
Pezacki and Jaroszcwski ( 1963 ). Pezacki and Fiszer 
(1966), and Fiszer (1970) reported that during the 
latter stages of the drying phase, all fermentation 
processes c2ased a i d  the remaining glucose (and 
even some lactic ac id )  was o\: di7ed. The oxidation 
was accompanied b y  <in eqiiivalent oxygen uptakc 
fro n the air srirrourlding the snusagrls. 

Two points need mentioning in this rcspect. First. 
oxidativc. dissimilation of availablc carbohydrate does 
not appear to occur i f  inixec are vacuumized (De- 
Ketclaere et a l ,  1974). Second, in the more rapid fer- 
mentation procesce> practiced with starter culturcas, 
no data exists to ind;catc, that 1 cterofermentati\ e ac- 
tivitv or that o-l;dative proc‘sses arc involved The 
fact that many I c x  archei s, proccwors, a d  co7sumcrs 
drtcct or belicve that tbc “acid fla\ or’’ of rapidly fer- 
inclnted s.iiis~g( s bv staiters is different than the 
“ac’d flavor” of traditLonally h v  ripened sausages 
buggests that this flavor c!if€erencc. may be duc to 
dlffclrences in how addcd carbohydrates arc metab- 
o l ixd  hy thc vai ious grouqs of b-icteria that pre- 
dominate in thc “fast” and “slo\v” method? for sau- 
sa gca f ermc>n ta t ion 

The prcsencc of volatile fatty acid\ have also been 
determined in drv sausage ( DcKc~telacre et rrl , 1974, 
IIalvarson, 1973). In analyLing nine brands of dry 
salami, DeKetelacre et al. ( 1974 ) found small c p n -  
tities of acetate, pLo;i onate, and Iiutjratc (Table 7 ) .  
In Swcdish fermentc d sausagcl, Halvarson ( 1973) also 
repoitecl the prcwmce of formic x i d  in addition to 

TABLE 7 
VOLATILE FATTY ACIDS REPORTED IN DRY SAUSAGES. 

Acid DeKetelaere e t  al. ( 1  974) Holvarson (1973) 
Nonsmoked Smoked 

mg/g sausage 

Formate - 0.25 0.42 

Acetate 2.4 r n M i l 0 0  g D.M. 0.70 1.2 

Propionate 11.7 ~ M i 1 0 0  g D.M. 0.004 0.03 

n-Butyrate 14.5 t~,M/ l00 g D.M. 0.004 0.007 

acetate, propionate and butyrate (Table 7 ) .  Pio- 
pionate concentration in the smoked sausages of 
Halvarson’s ( 1973 ) study was approximately 10-fold 
higher than the level in Iionsmoked sausages. In the 
nonvnoked products, the presence of volatile fatty 
acids ~ ‘ 1 s  suggcsted by Halvarson (1973) to be due 
to the activity of Eeterofermentative lactobacilli 
$trains. However, as previously notcd, the presence 
of low molecular weight volatile f‘itty acids and vo- 
latile moimcarhonyl compounds have bcen suggested 
as contributing little to thc characteristic aroma and 
fl‘ivor of trsditionally-ripcncd dry sausage ( Langner 
et al., 1970; Halvarson, 1973). 
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