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Fermentation of Dry Sausage - The Importance of Proteolytic and Lipolytic Activities of Lactic Acid Bacteria.
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SUMMARY: By adding lipase and proteinase to sausage mixtures, significant differences in off-odour, meat whiteness, bitter 

and stickiness were observed during fermentation. Lipases from 3 different lactic acid bacteria have been partly purified and cha 

Optimal lipase activity was detected at pH 5.5-6.0. The enzymes were active at a temperature range of 14-45 °C, with an optimurn 

A proteinase isolated from a lactobacillus strain showed optimal activity at 35-37 °C and at pH 4.8 when using haemoglobin 

Consequently, the enzymes can be used in fermentation productions.
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INTRODUCTION: Much attention has been given to the mechanism of lactic acid production and nitrate and nitrite reduction

'p

bacteria during dry sausage fermentation (LIEPE 1982, LUCKE 1984). However, microorganisms may also play an important f

formation as a result of proteolysis and lipolysis (SELGAS et al. 1988). The aim of this study was to evaluate by sensorlc analyslS
tue f

-ard5
developed in fermented salami after addition of lipase and proteinase. The present paper also describes the lipolytic activity t°w' 

substrates of 3 different lactic acid bacteria originating from meat sources. Lipases from the same strains have been partly Purifie 

characterized. A cell wall bound proteinase from Lactobac illus  ca se i NCD0151, has been purified and characterized.

and

MATERIALS and METHODS:

Preparation of sausages: The basic initial sausage mixture contained (% w/w): beef (51.3), pork (18.7), lard (25.6), salt (3-3)’ a A

dextrin (0.3) and glucose (0.4). Smoking and addition of spices were excluded. Lactobac illus  sake  L45 was used as starter c j

M a n ^ ’
at 5 105 /g sausage mixture. The components were mixed and divided into 4 batches. To batch 1 lipid esterase (Boeringer j p

414590) was added to give a final concentration of 2 units (U)/g sausage. Proteinase extracted from L. case i NCD0151 waS ^  p

and 3 to a final concentration of 1 U/g and 10 U/g sausage, respectively. Batch 4 represented the control without any e n z ^  (
•dity P

batch was divided into sausages of 1 kg portions. After the initial fermentation phase (2 days at 24 °C and 92 % relative hu
rth ef 

i experllTiel

at 20 °C and 88 % rh, 2 days at 18 °C and 85 % rh) the sausages were ripened at 15 °C and 85 % rh for 30 days. Thereafter 

vacuum-packed and stored at 4 °C until sensory analysis. Total viable counts and pH was measured throughout the whole 

Sensory analysis: Standard procedures for sensory descriptive profiling according to AMERINE et al. (1965) and RlSVlK ( i( /  

Three replicates were served to 10 trained assessors and evaluated for the following attributes: odour intensity, acidic odour, 

ness of fat, colour strength, colour tone, taste intensity, meat taste, acidic taste, bitter taste, rancid taste, maturity taste, ol

ofH

I#if
,ff-taste- j

fattiness, juiciness and stickiness. Sensory characteristics were scored on an open ended intensity scale from low (1) 1°
high (9)

✓

each of the characteristics. Statistical analyses were performed using the SYSTAT-program for univariate analysis (WILKIN

• ht T h e c ^  ,
Cultivation and preparation of lipase extract: The organisms were cultivated in MRS-broth (Difco) at 30 °C over night- j | i

harvested , centrifuged at 8000 x g for 10 min. and washed twice in 50 mM Na-phosphate buffer, pH 7.1. The pellet was
resusP0
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sPhate buffer (1% of the culture volume) and disrupted by ultrasonic treatment (30 sec. dlsrupture and 60 sec. cooling on ice, repeated

to3h depending on the bacterial strain). The sample was then centrifuged (18000 x g, 50 min) and filtered through h 0.22 p.m filter. This

Cohtai

Was designated the crude lipase extract.

lipase activity in enzyme extracts: Lipase activity was tested by applying 0.1 ml enzyme extract In wells on agar plates

'•ent

yin and Rhodamine B and supplied with Tween-20,-40,-60 and -80, respectively. The agar plates were made according to

and JAEGER (1987). Lipase activity was also analyzed against pork fat. These agar plates had the following composition : 200 ml

â ar (Difco), 0.2 g pea fiber (Grinsted P-fibre 150, Danisco, Denmark), 0.5-1.0 ml fat/leaf fat and 2 mg Rhodamine B. The plates 
"^e ¡ncub

6d at 37 °C over night and the diameter of the zones of hydrolysis measured.

%$t of
I temperature on lipase activity: The effect of pH from 4.5 - 7.0 was determined using agar plates containing tributyrin and

W|thout Rhodamine B. The effect of temperature was measured by incubation in the range of 14-57 °C, at pH 7.0.

ase: The crude lipase extract was purified using Fast Protein Liquid Chromatography (FPLC, Pharmacia) and an anion
-nange

i 0 Umn (Mono Q HR 5/5) that was equilibrated with 5 mM Na-phosphate buffer, pH 7.1. The enzyme was eluted with a gradient of
% | (0-1

^  at a flow rate of 1ml/mln.

^ -^ o te inase from L. case i NCDQ151: Cells were grown over night at 30 °C in MRS-broth containing 20 mM CaCI2 and 50 mM p-

S h ,

l̂l
^llb,

sPhate. Cells were harvested, centrifuged and washed twice with 50 mM p-glycerophosphate, 20 mM CaCI2, pH 7.0. Extraction of

iQUnH
pK Proteinase was performed by resuspending the cells 3 successive times In 1/30 of the culture volume of 50 mM Trls-HCI buffer,

»5
0rT1 temperature for 1 h. The extracts were filtered through 0.22 p.m filters. Determination of proteolytic activity with uC-methylated

or HC-n
. Methylated haemoglobin was performed as described by EXTERKATE (1975). One unit of proteolytic activity was defined as the

% t c

Phi
°f enzyme n©leasing 1 % of initial radioactivity of ,4C-labelled casein/haemoglobin after 10 min. incubation.

Hci ^-Bioteinase: The method used was as described for lipase except for that the equilibration and elution buffer were 20 mM Tris-
' ^  8.4.

(¡tot, ' t^fiJSCUSSION: L  sa ke  L45 was selected as starter organism due to its capability to grow fast and produce bacteriocin
h 'VRdt

%  and NES’ 1990)- In this respect it will dominate the bacterial population and inhibit growth of closely related bacteria. It Is of
^ g e t o
. Iniinate the contribution of various microorganisms when single fermentation traits like the effect of proteinase and lipase are to 

alû ted. Qu .
rin9 Ihe fermentation and ripening period the pH dropped from 5.65 to a final value of 5.0 after 36 days. A corresponding in- 

Vlable counts from 5 10s to 2 108 CFU/g sausage were detected during the first 5 days, indicating a normal fermentation process.lal

fo|u9e intensities for 10 assessors and 3 replicates. Significant differences between intensity values within each attribute are 
a is sianificantlv different from h. but not from ab. Similarly, b is sianiflcantlv different from a, but not from ab.■Ory

^ ¡a b ies

5V
l ness

Control

I I W I I I  K / f  I I V l  I I V I I I

Lipase (2U/g) Proteinase (1 U/g) Proteinase (10U/g) Significance level (%)

|2.15ab 2.48a 2.24ab 1.95b 3.7

4.74b 5.46a 5.02b 4.92b 1.0

1.97b 2.62a 1.93b 1.94b 1.0

4.97ab 4.95ab 4.82b 5.31a 3.1

3.61b 4.24a 3.65b 3.54b 2.0
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By adding proteinase or lipase to the sausages, differences (< 5% significance level) in off-odour, meat whiteness, bitter taste,
hardnesS

é

t si
stickiness were observed. The sausage containing lipase had the most bitter tase, showed greatest meat whiteness and was mos 

Concerning these attributes no differences were observed when comparing the control with those containing proteinase. When co^P 

salamis containing the high and low concentration of proteinase, respectively, the latter one was less hard. Proteolytic enzymes

i #

,a rr

proteins into peptides and amino acids and a soft consistency would be expected. However, proteolytic activities early in the fei 

process may result in less water binding capasity. The sausage containing the highest concentration of proteinase may, therefore,

rmentatiorl

hasa"

increased loss of water during the long ripening period. Addition of lipase resulted in increased off-odour compared to the salami 

the highest concentration of proteinase.

From a total of 78 strains, 11 showed lipolytic activity. Three strains (Lactobacillus p la n ta ru m  MF32, P ed iococcus pen tosacceu5

conta"

SV61

¡pW

iirf| felt ̂
Leuconostoc  L1) were selected for further studies due to their broad substrate specificity. They showed lipolytic activity on fat, lea

d 6 '° r

tributyrin containing Tween-20, -40, -60, or -80. As shown in Fig. 1a, the pH optima for the lipase activities were 5.5 for SV61 an

and MF32. SV61 did not show any clear optimal temperature for lipase activity and was constant in a range from 14 to 37 °C (Fi9'
ID)

lipase activity of L1 and MF32 had an optimum at 30 °C and 37 °C, respectively. Lipase activity was completely inactivated at 52
oc f°r

and 57 °C for MF32. Lipase from L1 was still active at these temperatures, indicating a rather temperature stable lipase. It is note«'0',rthf

all strains showed lipolytic activity during actual fermentation conditions and that these enzymes are active against natural fatSi
UponP'

cation by anion exchange chromatography on Mono Q, the lipolytic activity peaks eluted between 0.27 M and 0.32 M NaCI f°r a" 

addition a lipolytic activity peak was also detected for L1 at 0.18-0.19 M NaCI, indicating the presence of isoenzymes or two ditfel 

Due to the high lipase activity of MF32 this strain is suitable for further fermentation studies.

Figure 1: pH and temperature activity curves of lipase from L. p lan ta rum  MF32 ( •  ), P. pen tosacceus  SV61 ( ■ ) and LaCioC
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Anion exchange chromatography of the crude proteinase extract from NCD0151 gave a single peak with proteolytic activity 

mM NaCI. At this stage a 6-fold increase in specific activity was observed. The effect of pH and temperature on the activity d 1 ^

proteinase is shown in Fig. 2. The optimum pH was 4.8 when haemoglobin was used as substrate, and with casein the optim3 P

activity was at pH 5.6. This fits very well with the conditions during a fermentation.
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^UiPH' p and temperature activity curves of proteinase from L c a s e i NCD0151 on casein ( i and haemoglobin ( •

pH Temperature (°C)

V ,Cas ■
(V ein Was optimal at 35-37 °C and declined sharply above 40 °C.

It has been shown that addition of lipase and proteinase to sausages give significant differences in sensory characteristics

ntalion- It is of interest to investigate the contribution of lipase and proteinase producing organisms in sausage fermentation.

%ti
and cloning of genes encoding lipase and proteinase formation are in progress. To evaluate the contribution of single traits, 

:ransfo
\  ,i>l0r,Tled starter strains represent an excellent tool. The same strain is used as an enzyme producer and non enzyme producer,

S r o wthrh
characteristics are identical. This approach will make it possible to rule out the contribution of the actual enzymes.
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