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P r o d u c t i o n

carbo), h Un"S 1116 npenmg °f dry fermented sausage occur several biochemical events determining the product final flavour. First, the 
ProdnoH ateS aie fermented by 1116 lactic acid bacteria y>eldin8 mainly lactic acid although other acids (acetic, propionic,...) may be also 
which 6 f,1" SmallCr quantlties (De Keteleare et ai, 1974). Second, the nitrates and nitrites are reduced by the Micrococcus to nitric oxide

de g ra d T rnCeS ^  ^  C°1<>Ur ^  (E>CmaSÍ Ct a1’ 1989; Br0wn et al> I974y Third- the meat proteins and lipids are partially
sausao o y miCr0bial fl°ra 31113 tisular enzymes which together with peroxides and oxygen generate many substances responsibles of 
the df  aV°Ur (Demeyer et al-’1974;. De Keteleare et a1’ 1974; Davidek et al„ 1990). The sausage overall flavour is a combination of 

rent compounds produced during the fermentation and ripening by the above mentioned phenomena.

oXldaJ he ° bJeCtlVe of this work is an attemPt t0 establish the contribution of the meat enzymes, Lactobacillus, Micrococcus and 
e reactions to the flavour compounds generation.

* pERlMENTAL METHODS

hoürs SaUSages p rep a ra t,°n: M. semitendinosus (beef) and M. longissimus dorsi (pork) were removed from the carcases at 48 
depth ™ ,m m en  311(1 the exterior surface of lhe muscles was sterihzed by searing. Then, the burnt tissues were removed down to a 
by the ab°Ut 3mm’ USUlg StCrile instruments in a laminar flow cabinet- The skin of lard (6-8 cm thick) from Iberian pig was sterilized 
SomtloSame method- ^  subcutaneous layers of lard fat were removed with sterile instruments throught an incision in the burnt skin 
c°ncenuS 3nd l3Ct0Se Were Sterilized by filtennS (°-45 pm); phosphates, NaCl, nitrates and nitrites were autoclaved and then
sterile atCd by ly0phlllS3tl0n- A11 °Perations of sausa8e manufacture were performed in a laminar flow cabinet and the operators used 
pttp ' UrgCly masks and 8loves' Meat and fat were comminuted in a autoclaved manual grinder. The ingredients were aseptically 
KNo ! ! °  glVC the. fmal comP°sition (%): pork 40; beef 40; fat 13; glucose 1.5; lactose 0.5; phosphates 0.3; NaCl 2.5; NaN02 0.1;

3 • and sterilized water to dissolve the lyophilisated ingredients. No species were added.

¡tier F0Ur batches of sttusages were made. The first was inoculated with Lactobacillus plantarum 4045; the second with 
a ,ptlcr ^  the thkd With Lactobacillus plantarum 4045 and Micrococcus-12; the fourth batch was not inoculated, being the 
Use in ,atch* 7,16 final mkture was fllled “ to artificial casing soaked (three days) in sterile 10% saline solution and washed just before 
bpenin ^ 5  °f StenlC dlstilled water t0 minimize contamination. About 500g of every sausage batch were prepared and ripened in 
85% 8 Cablnet (Kowe11 Mod CC3AFY) programmed 48 h at 22V  and relative humidity (RH) 90%; thereafter 30 days at 1232 andRH

Analytical procedure

e(luilibrat0rtIOnS °f S3US3geS (25g) were coarsely 8round and Placed in a conical flask (500 ml) where samples were allowed to 
tiru o d C dt r°0m temperature for 30 min. The flask was then equipped with a Dreschel bottle head and a glass trap (70 mm long x 2

system w-X 15 mm L d') PaCkCd Whh 8 mg TCnaX GC 80-1 °° mCSh attached via a «crew joint on the head outlet. During collection, the 
"'as t b ^ 5 mantained at 29V. Volatiles were swept onto the trap using a nitrogen flow (80 ml/min) for exactly 10 min. The sample 
‘»laintain '• deS°rbed USing 3 Perkin-Elmer PTV by increasing ballistically (150*C/s) the injector temperature to 30032 and 
°-2s m lng “  thCre f° r 5 min' The chromatographic analysis was performed in a Perkin-Elmer 8420 Gas Chromatograph. A 50 m x 
filially .I'd' fUSCd SÍ1ÍCa capillaiy' column coated with a cross-linked 0.25 pm film of FFAP was used. The column temperature was 
’^ /n i i™21111311160 at 55X1 f°r 10 minutes and then programmed at 232/min to 10032 remaining 10 minutes at 10032, then a rate of 
^rkiti.g, UP t0 18<")<G 3nd the final temPerature was maintained 25 minutes. Identification of peaks was performed by GC-MS using a 
spectm v r ITD’50 3on Trap Detect°r (electronic impact 70 e. v.). Compounds were tentatively identified by computer comparison of 
Spectrai d U th°Se °f thC NBS hbrary' Identlficatlon of some of these compounds was subsequently confirmed by matching their 
^EStii ,ata With those of authentic reference compounds analyzed under identical conditions

LT AND d i s c u s s i o n

l'Vr,‘- 'a!k°re than 30 dlfferent compounds were detected in the experimental sausages, including aldehydes, ketones, alcohols'‘TTDnnc ----- _________ • j  t . .
n°unts
C a rb o n

OUnts Th . ’ r —  -------------- —  ~— lu u u in , ^um puuiiu» w cic uciccicu  in trace
differf,nc e headsPace volatiles of the four batches contained essentially the same substances (Table 1) although there were relative
atbo,„.'TU! ‘1S 311(1 short chain fatty acids- In some samples, several of the above mentioned volatile compounds were detected in trace’

sh°\vn ineS 3mong h1*5 sausa8es- The relative contribution of some selected volatile compounds to the headspace of each sausage type is 
v°latiies • 3ble L ^  compounds selected for comparison among sausages were only those accurately characterized. The selected 

deluded aldehydes (9), ketones (3), alcohols (2), hydrocarbons (3) and short chain fatty acids (3).

Sa,lle rneth nUmbCr 311(1 concentratlon of volatile compounds in the experimental sausages were always less than those found, using the 
C°ntributi °dology’ 10 the same type of commercial sausages (unpublished data). This fact may be explained by both, a minor 

°f the mlcrobial flora 311(1 to the lack of black pepper which has a great contribution in the overall sausage volatile profile of 
0 sausages (Debrauwere and Verzele, 1976). Many of the here detected compounds have been described by other authors



(Berger et al., 1990; Edwards et al, 1991; Stahnke et al., 1992; Berdagué et ah, 1993). The observed differences in the four batches 
were mainly due to the concentrations of volatile compounds rather than to the types of volatiles. In general, the volatile concentration of 
a particular compound increased along ripening reaching at 26 days values 2-4 fold higher than those at 0 days. No clear differences 
were observed between batches, including the aseptic one. This fact allows hipothetized that lipid autooxidation was the prevalent 
phenomenon because the main differences on volatile concentrations along ripening affected the aldehydes which are mainly formed via 
lipid oxidation (Frankel, 1983).

It has been reported that 3-hydroxybutan-2-one and acetic acid are generated by fermentation pathways (Kandler, 1983) and 3- 
methylbutanal and 3-methylbutan-l-ol are derived from the catabolism of branched aminoacids (MacLeod and Morgan, 1958). Indeed, 
these substances excepting 3-methylbutanal showed the major differences when results of inoculated batches and the aseptic one are 
compared.

Several esters have been detected (Edwards et al.,1991) in commercial sausages (salami and salchichón). These authors have 
associated he presence of these substances in sausages with microbial activities. The lack of these substances in the experimental 
sausages supports again the relevance of autooxidation reactions. Probably, if the ripening period had been longer the esters might have 
been detected.
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TABLE 1. Relative changes of selected volatile compounds in experimental dry sausages during ripening
L. plantarum 4045+

Batch aseptic L. plantarum 4045 Micrococcus-12 Micrococcus-12
________________________________________ Days of ripening

COMPOUND 0 2 5 26 2 5 26 2 5 26 2 5 26

3-methylbutanal 1 + 1+ 1+ 2+ 1 + 1+ 2+ 1 + 2+ 1+ 1 + 1 + 2+
hexanal T 1+ 1 + 2+ 1 + 1+ 2+ 1 + 1 + 1 + 1 + 1 + 2+
2-hexenal T 1+ 1+ 2+ 1 + 1+ 2+ 1+ 1 + 2+ 1 + 2+ 2+
octanai 1 + 1+ 1+ 2+ 1 + 1+ 2+ 1 + 1+ 2+ 1+ 2+ 2+
nonanal 1 + 2+ 1+ 3+ 1 + 1+ 3+ 2+ 2+ 3+ 2+ 2+ 3+
decanal 2+ 2+ 2+ 2+ 2+ 1+ 2+ 2+ 2+ 3+ 2+ T T
benzaldehyde 2+ 2+ 2+ 3+ 2+ 2+ 2+ 3+ 2+ 4+ 4+ 3+ 3 +
unidentified aldehyde 1 2+ 4+ 3 + 5+ 4+ 4+ 5+ 4+ 4+ 5+ 4+ 5+ 5+
unidentified aldehyde 2 2+ 3 + 3 + 5+ 3 + 3 + 4+ 4+ 4+ 5+ 4+ 5+ 5+
3-hydroxybutan-2-one 1 + 2+ 2+ 2+ 1 + 1+ 2+ 1 + 2+ 3 + 1 + 3 + 3 +
pentan-2-one T 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1 + 1+ 2+ 2+
butan-2-one T 2+ 1 + 2+ 2+ 1 + 1 + 2+ 2+ 2+ 2+ 2+ 2+
3-methylbutan-1 -ol T 1 + 1+ 1 + 1 + 1 + 1 + 1 + 3+ 2+ 1 + 2+ 2+
pentan-l-ol 1 + 1 + 1 + 1+ 1 + 1 + 2+ 1 + 1 + 1 + 1 + 1 + 1 +
n-heptane T T T 1 + 1 + 1 + 1 + T T T 1 + 1 + 1 +
1,2 -dimethylbenzene 1 + 1 + 1 + 2+ 1 + 2+ 1 + 1 + 2+ 1 + 1 + 1 + 2+
unidentified alkylbenzene 1 + 1 + 1 + 2+ 1 + 1 + 1 + 1 + 1+ 1 + 1 + 1 + 1 +
acetic acid 1 + 2+ 2+ 3 + 3 + 4+ 3 + 3+ 5+ 3 + 3+ 5+ 3 +
butanoic acid T 1 + T T T T T T 1 + T T T T
hexanoic acid 1 + 2+ 1 + 2+ 1 + 1 + 2+ 2+ 2+ 3 + 1 + 2+ 3+

Range of Peak Height in Analogue to Digital Converter Counts: T (Trace): 1+ (<10000); 2+( 10000-20000); 
3+ (20000-30000); 4+ (30000-40000) and 5+ (>40000)


