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Summary - Cheese-making tests were conducted in the laboratory, using animal (kid, lamb, calf)
and microbial lipases, present in various commercial formulations, to aid in the development of
f1avour.The hydrolytic action of these lipases toward glycerides led to the Iiberation of substantial
amounts of fatty acids whose composition showed distinct differences depending on the origin of the
lipases that were utilized. Those of animal origin tended to liberate short chain fatty acids, mainly
C4:0 and C6:0, while those of microbial origin did not show any preference for low or high molecular
weight fatty acids so that the composition of free fatty acids was almost the same as that of
untreated samples. The different behaviour of these adjuvants in the development of the aroma
allows various lipase selections to be made according to the intensity of the "sharp" flavour desired
in the marketable product.
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Résumé - Addition de lipases d'origine animale et microbienne au caillé. Effets sur la com-
position en acides gras libres au cours de la maturation. On a mené des essais de fabrication
de fromage au laboratoire, en utilisant comme additifs pour la formation du goût "piquant», des li-
pases d'origine animale (chevreau, agneau, veau) et d'origine microbienne (Mucor miehei, Asper-
gillus niger) sous forme de préparations commerciales diverses. L'action hydrolytique considérable
sur les glycérides a mené à la libération de grandes quantités d'acides gras libres dont la composi-
tion présente des différences nettes suivant l'origine des enzymes utilisées. Les lipases d'origine ani-
male libèrent préférentiellement des acides gras volatils, surtout C4:0 et C6:0, tandis que celles d'ori-
gine microbienne ne manifestent aucune préférence, ni pour les acides à faible poids moléculaire ni
pour ceux à haut poids moléculaire, tant il est vrai que la composition des acides gras libres est
presque égale à celle observée dans l'échantillon non traité. La différence de comportement de ces
additifs sur la formation de l'arôme, permet de faire des choix selon /'intensité du goût "piquant» que
l'on veut réaliser dans le produit à commercialiser.
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INTRODUCTION

Free fatty acids (FFA) exert a considerable
influence on the organoleptic characteris-
tics of some aged cheeses; indeed, they
play a major role in the development of
"sharp" flavour (Nelson et al, 1977; Cern-
ing et al, 1984; Thibault, 1984).

It is also known that in these cheeses
the hydrolysis of the glycerides is brought
about by the lipases elaborated by the mi-
crobial flora of milk (Anderson, 1983;
Chilliard and Lamberet, 1984) and cheese
(Desnouveaux et al, 1986), as weil as by
the lipase present in rennet, especially in
rennet paste (Catalano et al, 1985).

Studies were conducted to assess the
efficacy of the use of coagulating proteas-
es with the addition of lipase instead of
rennet paste (Law and Wigmore, 1985).

Massoni et al (1983) utilized microbialli-
pase and obtained results that were signifi-
cant, though inferior to those achieved
with rennet paste.

Galante (1988) reported on the availa-
bility of a "lipase with a high specificity"
(extracted from a particular strain of Asper-
gillus orizae) towards triglycerides (TG)
containing medium chain fatty acids (FA)
with results similar to those encountered in
naturally ripened Cheddar cheese.

Previous research conducted by Long
and Harper (1956) and Harper (1957) on
Provolone and Romano cheese treated
with crude enzyme preparations showed
that the amount of C4:0 Iiberated during ri-
pening was directly related to the type of •
enzyme used.

As the technique used for the determi-
nation of FFA was silica gel column
chromatography and as the enzyme prep-
arations used were quite impure, the au-
thors, could only suppose the occurrence
of some selectivity in the liberation of FA,

th us suggesting an adequate selection of
lipases in the preparation of the Italian
cheese considered.

Subsequently it has been elucidated
that goat, kid, calf and lamb pregastric
esterase exhibit a unique specificity for
short chain fatty acids and preferentially
hydrolyze the primary ester position of
glycerine (Nelson et al, 1977).

Based on these studies, our aim was to
further investigate the action of animal and
microbial lipases, available in standardized
form, for the liberation of FFA from triglyce-
rides during curd ripening, making use of
the latest and more accu rate analytical
techniques capable of detecting even
sm ail differences in behaviour.

MATERIALS AND METHODS

Sampies derived from the same curd obtained
by coagulation with purified rennin were taken
into account. The curd had already been sub-
jected to partial syneresis and showed the fol-
lowing features: pH = 6.2, moisture = 56.0%.

Lipases trom different sources supplied by
various tirms were added to the curd sampies
(table 1).

Tests were conducted on curd samples of
250 g; equivalent amounts of lipase (from 100-
300 mg/kg, corresponding to 30-100 LU) were
added.

After the sampies had been prepared and put
into moulds they were maintained at 18-20 oC.

Ten and 20 days later, each sample was uti-
Iized to assess the amount of volatile free fatty
acids (VFFA) and total free fatty acids (TFFA).

TFFA were recovered by liquid-liquid extrac-
tion by dispersing the cheese in a 10% H2S04
water solution. The solvent used was diethyl
ether:petroleum ether bp ",;4D-60 oC (1:1, v:v).

The ether extract, with an ethanol-water so-
lution (4:1, v:v) added, was brought to pH = 10.0
by NaOH solution; soaps, once separated and
concentrated, were methylated directly in a
glass flask with 6% anhydrous HCI in methanol
and submitted to GLC analysis.



Effect of lipase addition on curd 639

Table 1. Lipases utilized in test.
Lipases utilisées dans les essais.

No Source Commercial name Producer

1 Kid Kid lipase Miles (USA)
2 Kid Capalase K Dairyland Food (USA)
3 Kid Kid lipase Caglio Hansen (Ital y)
4 Lamb Capalase L Dairyland Food (USA)
5 Lamb Lamb lipase Caglio Hansen (Italy)
6 Calf Italase C Dairyland Food (USA)
7 Calf Lipase of calf Caglio Hansen (Italy)
8 Lamb + kid Capalase KL Dairyland Food (USA)
9 Aspergillus niger Palatase A Novo Enzimi (Italy)

10 Mucor miehei Novozym SP 283 Novo Enzimi (Italy)
11 Mucor miehei Piccantase A Gist Brocades (Holland)

VFFA were extracted by steam distillation
from a dispersion of cheese in distilled water,
brought to pH = 4.0 with diluted H2S04•

The distilled product treated with NaOH solu-
tion up to pH = 10.0, reduced to a small volume
by a water bath at a controlled temperature, was
acidified with H3P04 to Iiberate the FA from the
corresponding soaps: the FA were then submit-
ted to GLC analysis.

The analysis of TFFA was carried out using a
capillary gas chromatograph (Carlo Erba 5300,
Italy). A Supelcowax-10 fused silica capillary col-
umn 1 = 30 m, (J = 0.32 mm, film thickness
0.5 urn (Supelchem, Milan, Italy) was used. The
column was programmed from 60 oC (2 min) to
100 oC at 45 oC/min, then raised to 230 oC at
5 oC/min and held at this temperature for 25
min. The carrier gas was He, with an average
linear velocity of 25 cm/s; the inje ctor was on
column with secondary cooling; the flame ioniza-
tion detector temperature was 250 oC; methylun-
decanoate was used as internai standard.

The GLC analysis of VFFA was conducted
using agas chromatograph (Carlo Erba 4200,
Italy), equipped with a glass column 1= 1.8 m,
(J = 4.0 mm packed with GP 10% SP-1000/1%
H3P04 on WAW chromosorb 100/120 mesh,
oven temperature 155 oC, inje ctor port and de-
tector (FID) temperature 195 "C, He as carrier
gas with a flow-rate of 56 ml/min, and cycloprop-
ancarboxylic acid as internai standard (CPC).

The main FA response factors relating to the
2 above-mentioned methodologies were ob-
tained using appropriate calibration mixtures
(De Felice et al, 1989).

RESUL TS AND DISCUSSION

The results obtained are reported in tables
Il and III and refer to 10 and 20 days after
beginning the tests.

It should be pointed out that for the indi-
vidual FA, values for C4:0 and C6:0 were
obtained from the GLC of VFFA while
those for the other FA were derived from
the GLC analysis of TFFA.

Moreover, it is known that acetic acid is
normally present in VFFA: in the analyzed
samples, this component ranged from 23
to 60%. It was not thought suitable to re-
port it among the constituents of acidic
composition in spite of such high quanti-
ties, as this acid is not a product of lipoly-
sis.

The action of lipases on glyceride hy-
drolysis in ail the treated samples consid-
ering not only TFFA but also VFFA ap-





Table lU. Curd added withlipase":20 days afterbeginningthetest.
Caillé avec addition de lipase " : 20 jours après le début de l'essai.

Samples TFFA VFFA Composition of TFFA mg/kg
mg/kg mg/kg

C4:0 C6:0 C8:0 C10:0 C12:0 C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 Others
m::::
Cl>
UControl 1220 425 135 70 27 57 63 162 422 16 67 262 32 56 2-(0days) "5'0 4400 1810 338 132 79 185 216 594 1544 57 252 915 132 129 IIIen1 " 4790 1770 450 188 129 259 273 661 1475 48 206 805 144 199 Cl>

2" 7560 3405 1481 742 203 377 370 907 2091 44 319 1256 203 125 IIIo,
c.3" 7970 3810 1516 434 223 422 422 1004 2230 80 303 1250 223 150 ëï4" 9470 3890 1657 572 237 501 520 1181 2589 104 405 1491 242 188 ::J

5 " 9870 4175 1778 789 266 523 474 1242 2650 108 434 1617 276 116 0
::J

6" 8040 2990 1097 323 212 399 440 1050 2377 57 407 1343 236 226 o
c:7 " 7960 3160 1428 464 223 382 430 1108 2331 80 310 1211 231 133 a.

8 " 9870 3425 1551 503 276 513 513 1204 2993 109 434 1580 237 144
9" 9470 1870 402 163 208 407 445 1288 3489 114 483 1865 275 445

10 " 16430 2630 723 352 394 706 756 2090 6037 181 996 2990 444 906
11 " 12610 2590 720 326 239 504 517 1665 4942 139 794 2508 328 193

• Lipase from: 1. 2, 3 = kid; 4, 5 = lamb; 6, 7 = calf; 8 = kid + lamb; 9 = Aspergillus niger, 10, 11 = Mucor miehei. •• Determined oh VFFA.

0>
.j>.......
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pears evident. In fact, 10 days after begin-
ning the tests, values of 4 500-9 000 mg/
kg TFFA and 1 100-2 300 mg/kg VFFA
were recorded, while 20 days thereafter
the values were 5 000-16 000 mg/kg for
the former and 1 800-4 200 mg/kg for the
latter.

The control curd presented amounts of
TFFA and VFFA corresponding to 3 200
and 1 200 mg/kg respectively after 10
days and 4 400 and 1 800 mg/kg after 20
days.

An exception was sam pie No 9 which
on the TFFA basis presented at 10 and 20
days quantities of low molecular weight
acids identical to those in the control sam-
pie des pite the accentuated lipolysis. The
data obtained relative to VFFA and TFFA
ranged between the minimum and maxi-
mum values usually observed in Provo-
lone cheeses with different degrees of ri-
pening (De Felice et al, 1989).

The FFA composition makes it possible
to assess the type of preference ex-
pressed by the lipases from various sourc-
es in the liberation of FA from triglycerides.
ln order to make the differences more evi-
dent, a meaningful ratio of free C4:0 + C6:0
to free C14:0 + C16:0 was calculated.

ln figure 1, the value of the ratio demon-
trates that there are distinct differences in
the selectivity of the various lipases. In any
case, the significance of these ratios is
similar at 10 as weil as at 20 days after be-
ginning the tests.

Whatever the commercial formulation
and the producer firm, the lipase from kid
and that from lamb show a clear lipolytic
preference for low molecular weight fatty
acids, especially C4:0 and C6:0• Also, the li-
pase from calf behaved in a similar man-
ner by liberating low molecular weight
acids independently of the commercial for-
mulations.

The behaviour of the 2 microbial lipases
is similar in relation to both the species of
the producer organism and the commercial
formulations examined.

These lipases, however, exert hydrolytic
actions that are distinctly different from the
lipases from animal sources. In fact,
although lipolysis is much more intense
than that in the control, the composition of
liberated fatty acids and the ratio between
free C4:0 + C6:0 and free C14:0 + C16:0 al-
most coincide with those of the control
sam pie.

This behaviour, c1early different from
that of the lipases from animal sources,
makes it possible to. achieve a guided hy-
drolysis of the glycerides in cheeses with
the formation of different quantities of indi-
vidual FFA.
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Fig 1. Curd sampies with the addition of lipase :
1) kid; Il) lamb, III) calf; IV) kid + lamb; V) Asper-
gillus niger, VI) Mucor miehei; 0) control curd;
10lllland 20.days after the beginning of the ex-
periment. Mean values of ratios of fatty acids re-
sulting from the addition of lipase:

(C4:0 + C6:o) x 100
R=

(C14:0 + C16:0)
Échantillons de caillé avec addition de lipase : 1)
chevreau; Il) agneau; 11/) veau; IV) chevreau +
agneau; V) Aspergillus niger; VI) Mucor miehei;
0) témoin; 10~et 20.jours après le début de
l'expérience. Valeurs moyennes des rapports
des acides gras résultant de l'addition de la li-
pase:

R=
(C4:0+ C6.d x 100

(CI4:0 + C16:oJ
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CONCLUSIONS

The distinctly diHerent behaviour of the li-
pases from microbial sources compared
with those of animal origin with regard to
more or less selectivity in the liberation of
high and low molecular weight FA, oHers
the possibility of making specifie choices.
ln fact, wh en such adjuvants are utilized in
the preparation for the ripening of typical
cheeses, it is possible to produce degrees
of sharpness varying from a more or less
distinct sharpness to just a hint of it. In the
case of the former, the use of animallipas-
es makes it possible to reach the desired
degree of sharpness in a shorter time than
in the case of traditional cheese. On the
other hand, use of microbiallipases (elabo-
rated and extracted from Mucor miehei
and from Aspergillus nigef), though leading
to a rise in the rate of hydrolysis, yields
products with a Iimited amount of VFFA
and a milder aroma, since the relative
composition of free acids appears to be
almost the same as that of the untreated
sample.
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