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=-8dditipn o f pancreatic linase on the lipolysis during the ripening o f dry fermented sausages.
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SijM m a r y
'J'h
t C e^ ect the addition o f pancreatic lipase at two levels (40 and 60 units) on the lipolysis o f  dry fermented sausages has been 
In •*

H i
vai,

(2.

the Hpase-added batches, the level o f  total free fatty acids was higher (about 3-fold) than that o f  the control. A t the end o f the 

’ the d iv id u a l free fatty acids (C-14:0, C-16:0, C-16:l, C-18:0, C-18:l, C-18:2 and C-18:3) o f  the lipase batches reached higher

l<> bg10 5'37"fold) than those o f  the control. Organolleptically, no differences were observed between lipase batches and the control. It 

necessary to add a higher concentration o f enzyme.

In T r 0 DUCTION
Vr,,,.. nng lhe ripening o f dry fermented sausages, the product losses 20-40 % o f their original weight and lipids and proteins are attacked

— “ «-<u ana nacterta. it is in inis step wnen tne pruauci auquucs uic euaiaeiensui, h-aluh. emu m iu m . auu 

j. Sausage is due to many compounds. Some o f them are added to the sausages with the ingredients (e.g. spices), other are formed 

tydr Part'c'Pation o f microorganisms (e.g. by autooxidation reactions) and other are generated as a result o f  microbial activities on 

Tlj es> lipids and proteins.

accetoration o f lipolysis by the addition o f either animal or microbial lipases has been succesfully applied to the relative strong-
'to chep- ------ — -

'^ th a s
eses (Law, 1984), such as some Italian hard cheeses (Moskowitz, 1980) or blue cheeses (Jolly and Kosikowski, 1975). This

in

1 th
°Ur o " e Combined effect o f  increasing the typical fatty acid flavour and catalysing more rapid liberation o f precursors o f short-chain

in the P0Unds (Law, 1984). It has been also reported (Demeyer et al„ 1974) that insaturated free fatty acids are more easily breakdown 

*  a hig(ieSteiifled f °nn by autooxidation processes. Therefore, it has been hypothetized that the addition o f lipases to dry sausage would
^Oltlj . ^  ___  r  c  r . . ___• -.i____ • __________ _____„1 •■•U lnU « n i l  L a  o i r n i lo L la  f n r t L a r  t m n c fA r m n t m n c  T h fHi c° ncentration o f free fatty acids than in conventional sausages, which will be available for further transformations. The result

^cumulation o f flavouring compounds. This approach has not been proved in dry sausages.The investigations earned out
a tv*    . .

a highe

are rePorted in the present work.

0 SâxiÎÊ R lA LS  A N D  M E T H 0 D S

to. Unit ls defi
N an

'^5) gj batch without adding enzyme was manufactured . The initial sausage mixture contained (% w/w): pork (55), beef (12),

>  Sa, C° Se’ lact°se and dextrine (3.5), NaCl (2.5%), nitrates and nitrites (0.15), ascorbate (0.046), glutamate (0.25), black pepper 
“'toae

S t

^SlLsarnpliny Tw o batches o f dry fermented sausages were made by adding 40 and 60 units o f  pancreatic lipase (Sigma). 

lned as the quantity o f  lipase that hydrolizes 1 mequivalent o f  fatty acid from olive oil in 1 hour at 372C and pH o f 7.7. As

f°r 20 h Were ripened in a K O W E LL  model CC-3-1 cabinet. Fermentation was carried out at 22aC and 90% o f relative humidity 

tontij H. Urs' hereafter, temperature and RH were gradually decreased to reach 122C and 70% RH  in 10 days. These conditions were

» 1,

ripening (14 days). Samples were taken at different times. 

fT  C^totA F° r monitorin6 the microbial changes, total viable organisms (TV C ), lactobacilli and Micrococcacggg were enumerated on 

^tor ^  8ar (Oxoid), on double layer MRS (Oxoid) at pH 5.7 and M S A  (Oxoid) media, respectively. A  Crison model D igit - 501 

H g t USed t0 measure the pH. Water activity (aw ) was measured with a Decagon C X I apparatus. Dry matter was determined

E’Pids.. (24.002) method.
^ ere extracted as described by Hanson and Olley (1963) from a homogenate o f  sausages. Separation o f lipids was performed 

Trj0)^ rOmat°graphy (T L C ) on 0.25 mm silica gel G-60 plates developed with petroleum ether/diethyl ether/acetic acid (80/20/1)

^  " em’ diolein, monolein, oleic acid and cholesterol (all from Sigma) were used as reference standards. A  solution o f 0.05%.|2Q • ___ ,______... , _
6̂ * the j^ °  3 m‘xture o f  water/acetic acid/sulfuric acid (90/5/5) (v/v/v) (Lowry, 1968) was used to visualize all lipid classes, and to 

th H i .  Thentification o f the different apolar lipids the Dudzinski (1962), Schiff-periodate (Shaw, 1968) and Lowry (1968) reagents were 

0̂ en3Ploy<^aPOlar lipids were determined by densitometry in a Shimadzu model CS-9000 densitometer, using the same standards than

ln TLC analysis.
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Free fatty acids (FFA ) were analyzed by gas-liquid chromatography (G LC ). From a sample o f  the lipid extract dissolve< 

ethanol the sodium salts (pFl = 10.0) were formed with methanolic NaOH (0.1 N ). The sodium salts were extracted from the 01 

washing twice with chloroform/water (1/1) (v/v). The aqueous phase was saturated with NaCl, the pH brought to 2.0 and the 

with diethyl ether. FFA were taken to dryness in a rotatory evaporator. FFA  methyl esters were formed as described by -j
'th 3

Gellerman (1960). Fatty acid methyl esters were analyzed with a Perkin-Elmer model GC  8420 chromatograph equipped W1 ^  

column (30m x 0.25 mmi.d.) J. &  W. Scientific packed with DB-225 on fused silica. The analysis were performed according10

in which an initial isotherm period (IBiFC, 2 min.) was established and thereafter by using a temperature gradient from 180“C to

increasing rate o f  42C/min., remaining at 220“C for an additional 15 min. period. The identification o f different fatty acid meithyleS
ted’

made by comparison with authentic standards (Sigma).

The sensory analysis was carried out with a tasting pannel (18 members) which performed two tests: a triangle test, acco> 

I.S.O. TC  34/sc 12 standard and a preference test, by evaluating the different qualities between batches .

R E S U L T S  A N D  D IS C U S S I O N

Fig. 1 shows the microbial, aw and pH changes during the ripening o f  the control batch. The lipase-added batches sho'vl

« <pattern (data not shown). The changes o f the flora during ripening was quite similar to those observed in other sausages o 

Smith, 1977; Sanz et al., 1988; Selgas et al., 1988) i. e., the number o f  colonies developed on M SA  medium stabilized bet'vee 

c.f.u./g and lactic acid bacteria increase rapidly during the first days after which numbers o f  these organisms remain constant at leV j 

109 c.f.u./g. The pH and the aw progresively decreased to achieve steady values o f  5.1 and 0.89, respectively. The behavi

parameters was similar to that observed by other authors (Sanz et al., 1988). y
T LC  revealed the presence o f 8-9 spots in the lipid extracts obtained from all batches. According to their Rfs and b ^ * ^ ^

general and specific reagents, six o f  them were characterized as monoglycerides (Rf=0.01), diglycerides (R f=0 .l2 ), ^ci

(Rf=0.17), free fatty acids (Rf=0.26), triglycerides (Rf=0.80) and hydrocarbons plus cholesteryl esters (Rf=0.96). These subs1211 [$
; amidsame as those reported in meat from several animals (Chang-Haan and Yeon-Hee, 1982). Tw o or three spots with Rfs ^

FFA and cholesterol were not identified. In this T L C  system, the movility o f  monoglycerides was very low  and, theref°r6’ 

quantified together with polar lipids, which remained in the origin. d /
nd J

During ripening o f sausages, no clear changes in the levels o f triglycerides were observed in the control batch but a treIllj ^  ,

was found in the lipase-added batches (Fig. 2), which was higher in the batch manufactured with 60 lipase units . However,2 c  ̂ j  $

o f mono- (it was assumed that phospholipids content do not change during ripening) and diglycerides (Fig. 3) and all FF^ 0 '  . /

are
was observed in all batches. As expected, this increase was higher in the lipase-added batches. Data from 40 lipase units batch ^ 

but the FFA changes during ripening showed a similar pattern. The differences affected to the levels o f  FFA, which were big

nds" f
|F

Jlipase units batch. ^  fr

From Fig. 4 and 5 it may be deduced that the C -1 8 :1 was the fatty acid reaching the highest concentrations. It account ^

o f the total FFA  at the end o f  the ripening although the highest increase, in relation with the control batch, was observed in the j 

and 5.37-fold for the 40 and 60 lipase units batches, respectively). The increases observed for the other FFA are shown in th®ta

T A B L A  1. Concentration o f  different free fatty acids (mg/lOOg D .M .) in experimental sausages after 14 days o f ripening-

Fatty acid Batches Ratio o f

Control 40 units 60 units 40/Control 60/Control

C-14:0 11.0 44.0 59.1 4.00 5.37
C-16:0 152.2 442.3 442.7 2.90 2.91
C-16:l 27.2 81.4 95.8 2.99 3.52
C-18:0 75.5 217.4 250.7 2.88 3.32
C-18:l 250.4 816.1 903.6 3.26 3.61
C-18:2 169.5 356.0 405.6 2.10 2.39
C-18:3 40.0 87.5 117.4 2.18 2.93
Total FFA 725.8 2044.7 2274.9 2.82 3.13
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\  Va|u etltF ° f  the ripening, the total FFA reached (g/lOOg D.M.) concentrations o f 0.72 (control), 2.05 (40 units) and 2.28 (60 units). 

^3; jj- tFle control batch were similar than those reported by other authors in different types o f fermented sausages (Cerise et al., 

^dbat b * and Dominguez and Zumalacarregui, 1991). Despite o f the higher concentrations o f total FFA observed in lipase-

% i ngu 6S ln re ât*on to the control one, the values reached in lipase-added batches were also similar to those reported in other Spanish 

,S eXn„ . anC* Zumalacarregui, 1991) and Hungarian (Nagy et al., 1989) dry sausages. Therefore, the effect o f lipase was not as efficient
pected rpi

^ed l ‘ ne sensory analysis support this result since no significative differences were observed between the control and the lipase- 
atches.

theW ° nclusion>ile to

8 rea'ized.

it seems to be necessary to add higher quantities o f lipase than those used in this work. To check the effectiveness o f 

enhance the flavour o f sausages it is also necessary to study the carbonyls formation from free fatty acids. Researchs are now
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F ig . 1

y(ltt
C h a n g e s  in m ic ro b ia l f lo ra  ( □  ) to ta l viable ^ ) 
lacto bac illi an d ( • )  M ic ro c o c ca c ea e , w ater ac 
p H  ( A )  d u rin g  the  r ip e n in g  o f  the  control bat • ^

C h a n g e s  in  t r ig ly c e r id e s  d u r in g  the  b P jj jp  un*1̂  
u m e n te d  sa u sa g e s  a d d e d  o f  40  u n its  (A ) anferm en ted  sau sag es  

o f  pan c rea tic  lipase  and  w ith o u t lipase  (□  )■

C h a n g e s  in  m o n o - (d o t te d  lin e s )  and  
lines) d u rin g  the  r ip e n in g  o f  d ry  ferm ented saU^ tad<: 
40  u n its  (c irc le s)  and  6 0  u n its  (trian g le s) o f Pa 
and  w ith o u t lipase  (sq u a res) .

*

1

3
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Fig. 4: Changes in the oleic (circles), stearic (squares), linoleic 
(triangles) and palmitic (rhombs) acids during the ripening of 
dry fermented sausages added of 60 units of pancreatic lipase 
(closed symbols) and without lipase (opened symbols).
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