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EFFECTS OF ENVIRONMENTAL FACTORS ON LIPOLYTIC AND PROTEOLYTIC ACTIVITIES
STARTER CULTURES IN MEAT-FAT MIXTURES
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INTRODUCTION

Starter cultures are used in the production of fermented meat products in order to shorten the ripening peﬁod’ eﬂ?ff
colour development, enhance the flavour and improve product safety (Liicke and Hechelmann, 1985). The ger v
bacteria successfully utilised as starter cultures are Lactobacillus, Pediococcus and Micrococcus/Staphylo<>0<7°‘15'ur o
lipolytic and the proteolytic activity of Micrococcus sp. and Staphylococcus sp. may contribute to the ﬂ"“,’elseﬂ
fermented meat products (Liicke and Hechelmann, 1985). Lactic acid bacteria may also possess weak lipol ic (I?n S0
and Kemner, 1989; Molina et al., 1991) and proteolytic (Law and Kolstad, 1993) activity, although the (30nmb
of these activities to flavour is not well studied.
o

The metabolism of microorganisms is affected by environmental factors, thereby influencing their properties & P
cultures. Oxygen, pH and water activity are reported to affect product patterns (Rhee and Pack, 1980: ’Ijr 0 spgci
Stinson, 1981; Borch and Molin, 1989). The environmental conditions vary during the ripening process with f ; pd
to pH, salt concentration, water activity, temperature and availability of oxigen and nutrients (Rodel, 1985; Nycb 0
Arkoudelos, 1990; Roca and Incze, 1990). Thus, ample possibilities exist for variation in the end product fo
of the bacteria due to the ripening conditions applied.

0
The objective of the present study was to develop a method for preparing sterile meat-fat mixtures and evalua:figeﬂ
effects of environmental factors on proteolysis and lipolysis by bacteria and endogenous enzymes. The effects © i
availability, temperature, water/fat content, concentration of salt in the water phase and initial pH were evaluat
factorial experimental design and analysis of covariance.

MATERIALS AND METHODS

The bacteria used were Lactobacillicus pentosus SMRICC 359 (SMRICC, Swedish Meat Research Institut cstraiﬂs
Collection), Pediococcus pentosaceus SMRICC 360 and Staphylococcus xylosus SMRICC 361. All the and i
originated from commercial starter cultures. The inocula were prepared by growing L. pentosus for SIX hour® oS ¥
pentosaceus for seven hours in APT broth (BBL, Cockeysville, Maryland, USA), and S. xylosus for seven iIs W
Trypton Soya Broth (Oxoid, Basingstokes, UK) at 30°C. At the end of the logarithmic growth phasé, “ me,;tff"t
harvested by centrifugation and resuspended in skim milk, frozen and stored at -80°C. After thawing, the sterile
mixtures were inoculated to a level of 10cfu/g.

1 ip0®
The sterile meat-fat mixtures were composed of (w/w): lean pork, pork back fat, water and NaCL was varied 111 eﬂf“l
to obtain a water/fat ratio and concentration of salt in the water phase in accordance with the factorial eXP o st 4
design (Table 1), whereas the addition of glucose, NaNo? and Na-ascorbate was constant. In order t0 prep_afsues 9ﬂd
meat and fat tissues, the exterior of a pork loin was sterilised by searing using a gas-burner. Rind, Sm—face'ﬂ;d i
bone were removed using sterile instruments. The remaining meat and fat were cut into pieces and min e o
through a 6mm chopper disc. All operations were carried out under sterile conditions on a sterile bench. T

1




f

S V- WY e ©

-~

N S S -

Chloride was dry-heat sterilised and the glucose solution was sterilised by autoclaving. Solutions of nitrite and ascorbate
Were filter sterilised.

The Storage experiments were carried out in a randomised order using fractional factorial experimental design (Table
:Box et ql, 1978). The sterile meat-fat mixture was divided into four parts. Three of the portions were inoculated with
4 Culture of ejther L. pentosus, P. pentosaceus or S. xylosus. The fourth portion was not inoculated. The pH was adjusted
With sterile 1/2M HCL or 1M NaOH. Samples of 100g of the meat-fat mixture were stored as a 1cm thick layer in glass
J2s (10cm in diameter, Sem in height). A loose fitting lid was used where the atmosphere could freely diffuse into the
Jar. When stored aerobically, the jars were wrapped with an oxigen permeable polyethylene film. Anaerobic
3mospheres were established by packaging the jars in gas impermeable pouches (Lamofoil 4 ply, Otto Nielsen Ltd,
Eygngy, Denmark). The pouches were evacuated and then filled with a sterile filtered gas mixture of 95%N? and 5%

A0 and 19 days of storage, the samples were analyzed for bacterial growth on APT agar (BBL, Cockeysville,
g Aryland, U.S.A). incubated at 25°C for 3 days, NPN (DeMasi et al., 1990) and FFA (Anon, 1954). The effects of
Xigen, temperature, water/fat ratio, concentration of salt in water phase and initial pH on the formation of FFA and
N Were evaluated by analysis of covariance with normalised values. (Wilkinson, Leland. SYSTAT: The system for
Istics. Evanston,IL. U.S.A.: SYSTAT,Inc.,1990). No interaction effects were included in the models, as the factorial
*Sign was maximally reduced.

RESULTS AND DISCUSSION

;};e lnchlation of a sterile model system with a pure culture of bacteria makes it possible to obtain information on

o lic activities specific to a single bacterial species. A sterile control of the meat-fat mixture is essential in order

Ofcﬂ?;lCIUde whether the chemical changes are due to the enzymatic activities of the meat/fat tissues or to the activities

added bacteria. In the present study, a method for preparing sterile meat-fat mixtures was successfully developed.

&.H f’f the experiments performed, the uninoculated control meat-fat mixtures remained sterile throughout storage.
Similar sterile system has not been reported earlier.

%F‘E""Ysis was indicated both in the inoculated meat-fat mixtures and in the uninocultated control by the increase of FFA
egure 1). In several experiments, there were only small differences in lipolysis between the uninoculated control and
.~ Meat-fat mixtures inoculated with the different bacteria. However, in others there was more lipolysis in the
in S::laled meat-fat mixtures with some differences between the bacteria. The tendency towards higher levels of FFA
i dicme of the meat-fat mixtures inoculated with L.pentosus, P.pentosaceus or S.xylosus', as opposqd to the control,
ielates bacterial lipolytic activity. P.pentosaceus and S.xylosus are reported to have lipolytic activity on pork fat
Sen and Kremner, 1989; Molina et al., 1991.)
z‘:;fomlaﬁon of FFA was significantly affected by the temperature for L.pentosus and P.pentosaceus (Figure 2). In both
aﬁ-e;’ Most FFA was formed at high temperature. On the other hand, none of the environmental factors significantly
®d the increase of FFA in the uninoculated control or meat-fat mixtures inoculated with S.xylosus.

B

N;?‘Wysis was indicated both in the inoculated meat-fat mixtures and in the uninoculated control by the increase of

P (Figure 3). The highest increase of NPN was shown by L.pentosus in many of the experiments. Also,

fafm%us showed a higher increase of NPN than S.xloysus or control. The higher NPN found in some of the meat-

Aoty Xtures inoculated with L.pentosus and P.pentosaceus as opposed to the control indicates bacterial proteolytic
% under certain environmental conditions.

T
sihe .fomlation of NPN was significantly affected by the temperature for the control (Figure 4). Most NPN was
” 'Cantly affected by the oxygen availability, the temperature and the salt concentration. Most NPN was formed
aﬂ‘ectobmally, at high temperature and low salt concentration. For S.xylosus the formation of NPN was significantly
by the oxygen availability and the temperature. Most NPN was formed anaerobically at high temperature.

&
Nen and FFA fractions are known to increase due to proteolysis and lipolysis during ripening of fermented
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sausages. NPN concentrations of 9% of total nitrogen in the beginning and up to 22% at the end of ripening hav®
observed (Lois e al., 1987; Astiasaran et al., 1990). FFA contents between 3% and 8% of the total fatty acidS . g
end of ripening have been reported (Lois et al., 1987 Lizarrage et al., 1989). This is similar to the results of the pré "
study, in which the content of NPN mcreased from 10 to 27% and the content of FFA reached 9% at most. Th%> i
storage of meat-fat mixtures probably reflects the biochemical changes occurring in a fermented sausage

ripening.

CONCLUSION

oW
A method for preparing sterile meat-fat mixtures was developed. Lipolysis and proteolysis were shown by eﬂdoga]and
enzymes as well as by bacteria, L.pentosus, P.pentosaceus and S.xylosus. Lipolysis was affected by the temperatuf
proteolysis by the oxygen availability, temperature and salt concentration.

ACKNOWLEDGEMENTS

The authors wish to thank Mrs. Ingrid Nordh for her excellent technical assistance. This study was suppOrted edeﬁ’
Nordic Industrial Fund; The National Swedish Board for Technical and Industrial Development (NUTEK) " eﬂflg
Christian Hansen's Laboratory, Denmark; Gild, Norway; Nordreco, Sweden and the Swedish Farmers' Meat M
Organization.

REFERENCES
jied
ANON. 1954. Standard Methods for Analysis of Oils and Fats. IUPAC, International Union of Pure and AP
Chemistry. Paris.
. Y
ASTIASARAN, I, VILLANUEA, R, and BELLO, J. 1990. Analysis of proteolysis and protein insolubility e
manufacture of some varieties of dry sausage. Meat Sci. 28:111-117.

o5t
BORCH, E., and MOLIN, G. 1989. The aerobic growth and product formation of Lactobacillus, Leuco?
Brochotrix and Carnobacterium in batch cultures. Appl. Microbiol. Technol. 30:81-88.

; s’
BOX, G.EP., HUNTER, W.G., and HUNTER, J.S. 1978. Statistics for Experimenters: An introductiot o4
data analysis and model building. John Wiley & Sons, New York.
i90
DeMASI, T.W., WARDLAW, F B, DICK, RL., and ACTON, J.C. 1990. Nonprotein nitrogen (NPN) and %
acid contents of dry, fermented and nonfermented sausages. Meat Sci. 27:1-12. )
5
297
LAW,B.A., and KOLSTAD, J. 1983. Proteolytic systems in lactic acid bacteria. Antonie van Leeuwenhoek
245. [
&
S
LIZARRAGA, T., MELGAR, J., and BELLO, J. 1989. Estdio de los cambios quimicos en los component¢s 4
chorizo con el proceso de curacion. Grasas y Aceites. 40:370-375. ;
2 z 'tueﬂ
LOIS, AL., GUTIERREZ, LM., ZUMALACARREGUI, JM., and LOPEZ, A. 1987. Changes in several const
during the ripening of Chorizo - a Spanish dry sausage. Meat Sci. 19:169-177.

LUCKE, F.-K., and HECHELMANN, H. 1985. Starterkulturen fiir Rohwurst und Rohschinken Zusammens® iutﬁte i
Wirking. Mikrobiologie und Qualitit von Rohwurst und Rohschinken. Kulmbacher Reihe, Band 5,188 193 18
Mikrobiologie, Toxikologie und Histologie der Bundesantalt fiir Fleischforschung, Kulmbach ,Germany- 128




"
g
"

W

96

4

s

5|

MOLINA, I, NIETO, P., FLORES, J., SILLA, H., and BERMELL, S. 1991. Study of the microbial flora in dry-cured
am. 5. Lipolytic activity. Fleischwirtsch. 71:906-908.

NIELSEN, H.-J., and KREMNER, M. K.B. 1989. Lipolytic activity of meat starter cultures. Proc. 35th ICMST.
C‘)peﬂhagen, Denmark. pp.318-322.

NYCHAS, G.J.E., and ARKOUDELOS, J.S. 1990. Staphylococci: Their role in fermented sausages. J. Appl. Bacteriol.
Ymp. Suppl. 167S-188S.

RHEE, SK., and PACK, M.Y. 1980. Effect of environmental pH on fermentation balance of Lactobacillus bulgaricus.
/- Bacteriol, 144:217-221.

ROCA, M., and INCZE, K. 1990. Fermented sausages. Food Rev. Int. 6:91-118.

RODEL, W. 1985. Rohwurstreifund - Klima und andere Einflussgrossen. Mikrobiologie und Qualitit von Rohwurst

ﬁu;lrd Rohschinken. Kulmbacher Reihe, Band 5, Institute fir Mikrobiologie, Toxikologie und Histologie der Bundesantalt
Fleischforschung, Kulmbach, Germany. pp.60-84.

EROLLER, J.A., and STINSON, J.V. 1981. Moisture requirements for growth and metabolite production by lactic acid
Acteria. Appl. Environ. Microbiol. 42:682-687.




Table 1. The fractional factorial experimental design with five variables. Oxygen was studied at two levels, anac’®
(-) and aerobic (+) and temperature, water/fat ratio, concentration of salt in the water phase and initial pH at three le
low (=), high (+) and centre points (0). Intended values of each variable are given in brackets.

Temp. Water/fat Salt (% in Initial
Exp. # Oxygen CC) ratio water) H

1 3 -(18) -(40/40) +6.5) +6.0)
2 + -(18) -(40/40) -2.9) -(5.0)
3 - +30) -(40/40) -2.9) +6.0)
4 + +30) -(40/40) +6.5) -(5.0)
5 F -(18) +(50/30) -(2.9) -(5.0)
6 i+ -(18) +(50/30) -(2.9) +6.0)
7 : +30) +(50/30) +6.5) -(5.0)
8 5 +(30) +50/30) -(2.9) +6.0)
9 - 0(24) 0(45/35) 0(4.5) 0(5.)
10 + 0(24) 0(45/35) 0(4.5) 0(5.5)
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