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Introduction

“Pecorino di Farindola” is an arti-
sanal ewe cheese manufactured

on a small scale by farmers fol-
lowing traditional practices in a
well-defined area of Abruzzo
(Italy). It is produced from raw
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Samples of ewe cheese produced with pig rennet in the Farindola area
(Abruzzo, Italy) were compared with samples of ewe cheese produced
with calf rennet using the same methods of processing and ripening as
the Farindola cheese. To distinguish the samples chemical parameters
(18 amino acids and 12 fatty acids) were chosen. In addition a taste
analysis was carried out by a Panel of tasting experts. All of the data
thereby obtained was analysed statistically through discriminate analysis.
Both the analytical data and the taste expert Panel results show a net dif-
ferentiation between the cheeses produced with the two different types
of rennet. The Panel Test found that the ewe cheese made with calf ren-
net is systematically more spicy (“piccante” flavour) and bitter than the
Farindola cheese made with pig rennet, whereas this latter is always
sweeter and never bitter.

Riassunto
Sono stati presi in esame campioni di formaggio pecorino prodotti con
caglio di maiale nell’area tipica di Farindola (Abruzzo, Italia) in confron-
to con campioni prodotti con caglio di vitello nelle stesse condizioni di
processo e stagionatura. Su questi campioni sono stati dosati 18 amino
acidi e 12 acidi grassi, in funzione della maturazione; in aggiunta è stata
condotta un’analisi sensoriale attraverso un Panel di esperti assaggiatori.
Tutti i dati ottenuti sono stati analizzati statisticamente mediante
l’analisi discriminante. Sia il confronto dei dati analitici che quello del
Panel test hanno mostrato una netta differenziazione fra i formaggi pro-
dotti con due cagli diversi. Il Panel Test ha anche evidenziato che il pe-
corino realizzato con caglio di vitello è sistematicamente più piccante ed
amaro di quello con caglio di maiale, mentre quest’ultimo è sempre più
dolce e mai amaro.
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ewes’ milk with the addition of
pig rennet.
This traditional product is unique
among ewe cheeses in that all oth-
er ewe cheeses produced in Italy
use calf rennet, while Farindola
ewe cheese uses pig rennet in its
curdling process. Pig rennet has
been used in the eastern area of
the Gran Sasso mountain range
since the time of the ancient Ro-
mans: there are historical records
that refer to a “cheese of the Vesti-
ni” (an ancient Italic tribe that oc-
cupied modern day Abruzzo) that
utilized pig rennet in the curdling
process.
The denomination “Farindola ewe
cheese” appears in some texts on
Italian cheese in the early 1900’s.
It is important to note that in the
production of pig rennet the
stomach of an animal of at least
one year of age is used, while in
the production of other rennets,
younger animals (calves, lambs,
kids) are used1.

The territory in which this tradi-
tional production method is used
includes nine towns located within
the provinces of Pescara and Ter-
amo (Figure 1).
Standards of production have been
established which require, among
other things, that the sheep must
be raised for the entire year in the
traditional production area; they
may only be fed with forage which
has been produced locally; the
milk is made into cheese immedi-
ately after milking (or it must be
refrigerated at 10-12°C) and it is
curdled at from 31 to 33°C; the
ripening of the cheese can extend
to 12 months, etc.. Each wheel of
cheese weighs between 1 to 2 ki-
los.
Traditionally the natural animal
“rennet”, obtained from the stom-
ach of a mammal, was used to
make cheese, including pig rennet.

For example, Merker, in a confer-
ence held in 1918 observed that
“it has been known for a number
of years that pepsin, a substance
produced from the mucous mem-
brane of the pig’s stomach, would
give excellent results in curdling
milk for the manufacture of
cheese” (1). In the modern cheese
manufacturing industry, however,
the use of enzymes, industrially
obtained, is frequently the pre-
ferred method of obtaining curd.
The industrial rennet is more sta-
ble and the enzymatic power is
standardized.
As a result of the preference for
industrial rennet, cheeses pro-
duced with the traditional method
directly from pig rennet have not
been the object of a systematic
study. In fact, a consultation of
the major international data banks
will show that there are no scien-

1 Liquid pig rennet is made by working
the mucous membrane of pig stomachs,
first washing it carefully and then cutting
it into narrow strips which are then cov-
ered with salt for 2 or 3 days (dry salting).
It is then left to marinate in a dark glass
container in a mixture of white vinegar,
white wine, hot peppers and, sometimes,
pepper corns. A five litre container re-
quires two or three stomachs. The mucous
membrane is left in the marinade for 3 to
4 months. The rennet is then filtered
through a linen cloth at least 5 or 6 days
before use and it is stored in a dark place.

Figure 1 - Production area for Farindola ewe cheese
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tific works on cheeses obtained
from pig rennet. This sentence is
confirmed by the Scopus data
bank, which reviews more than
18,000 journals. In fact in this da-
ta bank only one paper has been
cited on this product regarding the
biogenic amine content (2),
whereas the other researches car-
ried out for religious purpose.
Works are to be found, instead, re-
garding the characteristics of the
enzymes (pepsin and chymosin)
extracted from the stomach mu-
cous of various mammals. In the
case of “pig rennet” the enzyme
which is extracted is pepsin. The
literature on the subject reports
that, of the available enzymes, pig
pepsin is the only one which is
potentially less proteolytic than
chymosin, since it is readly denat-
urated in the cheesemaking
process. Pig pepsin is unstable
above pH 6.0 compared to chy-
mosin, stable until to pH 6.7 (3).
Clotting activity of pig pepsin was
extremely pH-dependent around
pH 6.6 and coagulation did not
occur above pH 6.68 (4). Other
works deal with the activity of en-
zymes and their coagulatory and
proteolytic effect on curd (3-6). In
one work published in 1972 pig
pepsin was used in the experimen-
tation on cheese but only “as ren-
net substitutes” (7). In order to
differentiate between animal ren-
net and other enzymes, the char-
acteristics of the chymosin gene,

isolated from tissue extracts of
buffalo, camel, cow and pig, were
studied through SDS-PAGE
Polyacrylamide gel electrophoresis
and PCR amplification tech-
niques. Two prominent proteins
were found in cow and buffalo
rennet, while only one protein was
observed in camel and pig (8).
It is known that the type of rennet
used affects the characteristics of
ewe cheese and consequently,
flavour development in cheese (9-
13).
The ripening of cheese is a com-
plex process in which three major
catabolic pathways are involved:
glycolysis, lipolysis and proteolysis
(14). In particular, lipolysis is cor-
related with the concentration of
the free fatty acids C10, C14 e C16,
while proteolysis is correlated with
the concentration of the total
amino acids (15).
In light of these findings, it was
deemed that further research was
called for into the differences in
composition and organoleptic
qualities of two samples of ewe
cheese obtained under the same
conditions, but using different
rennets: one sample was produced
with pig rennet and the other with
calf rennet. In order to identify
any possible effects from the treat-
ment of the surface of the cheese
with oil and vinegar, as required by
Production Regulations, two of
each sample were produced, one
treated and one untreated. It

should be noted here that the
presence of volatile substances in
cheese obtained from two differ-
ent rennets (pig and calf ) has been
discussed previously (16).

Materials and methods

Cheese making: Freshly milked ewe
milk, coming from ewes that pro-
duce less than 1 litre/day in about
100 milking days, was kept cool
(10-12°C) but not refrigerated.
The milk was curdled at 31-33°C
with pig rennet obtained using the
method described in footnote 1
above. The setting time varied
from 40 to 60 minutes; after the
curdle was broken into granules of
0.5 to 2 cm, it was placed into
straw forms to harden; it was then
dry salted with coarse salt on both
sides – one side of the cheese was
salted one day and the other side,
the next. The salt was then
washed off. The surface of the
cheeses were periodically treated
with extra virgin olive oil and
vinegar (or tomato juice)2. The pe-
riod of ripening varied from a
minimum of three months to a
maximum of a year and each
whole cheese weighed between 1
and 2 kg.
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2 From this point on, for purposes of sim-
plicity, the words “treated” or “non-treat-
ed” will be used.
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Samples and Parameters: 1) 2 kg
forms have been used. They are
generally introduced into com-
merce after 3-6 months, but even
up to 1 year, ripened to a tempera-
ture between 10 and 14°C; 2)
time: time 3, 6 , 9 and 12 months;
3) treatment: with oil and vinegar
and without.
Using the parameters mentioned
above, the time evolution of 18
aminoacids (Asparagine, Gluta-
mine, Serine, Glycine, Histidine,
Arginine, Threonine, Alanine,
Proline, Tyrosine, Valine, Methio-
nine, Cystine, Isoleucine, Leucine,
Phenylalanine, Lisine, Trypto-
phan), and of 12 fatty acids (C4:0,
C6:0, C8:0, C10:0, C12:0, C14:0, C16:0, C16:1,
C18:0, C18:1, C18:2, C18:3) have been
analysed.

Apparatus: HPLC Dionex with
electrochemical Detector (AA di-
rect gold electrode) (17) for
aminoacids (18-19).
GasChromatograph Agilent
Technologies 6890N with mass
spectrometry Agilent 5973 inert,
column HP 5MS for fatty acids.

Sample preparation: The moisture
content of the chesses was deter-
mined by keeping the samples in
contact with currents of dry air at
102°C for sixteen hours.
For the amino acids analysis, the
samples have been homogenized
in methanesulfonic acid 4 M,
evaporated in nitrogen current and

taken back with bi-distillated wa-
ter.
For the fatty acids analysis a cold
trans-esterification with methano-
lic solution of potassium hydrox-
ide has been carried out.

Sensory analysis: Experimental
cheeses were sampled after the
four periods of ripening (after 3,
6, 9 and 12 months of ripening).
Sensory analysis was performed by
a trained analytical Panel Test of 5
members that have taken into
consideration the following pa-
rameters: sweetness, acidity, salti-
ness, bitterness, spiciness, humidi-
ty, solubility and friability. The in-
tensity of the sensation is distrib-
uted on a scale that goes from 0 to
7. For sensory analysis, the recom-
mendations and vocabulary re-
ported in Bárcenas et al. were con-
sidered (20). The evaluation
scheme is that suggested by the
National Cheese Taster Organiza-
tion (ONAF) in Cuneo.

Statistical Analysis: Linear Dis-
criminant Analysis (LDA) was
applied to the separation of the
analysed cheese samples according
to different ripening temperatures
and to Panel Test judgement. As
the group-membership of each
sample was already known, LDA
was applied to this variable set in
order to evaluate the sample dif-
ferentiation and classification of
the data expressed as discriminant

scores. LDA has been extensively
discussed by several authors (21-
23).

Results and discussion

The free amino acid evolution
during the ripening is reported in
Table 1. The values are expressed
in mg 100 g−1 of cheese dry matter.
Figure 2 shows the development
of the total free amino acids in
function of the ripening of the
cheeses made with pig and calf
rennet, treated and untreated.
The free fatty acid evolution dur-
ing the ripening is reported in
Table 2. The values are expressed
in mg 100 g−1 of cheese dry matter.
Figure 3 shows the development
of the total free amino acids in
function of the ripening of the
cheeses made with pig and calf
rennet, treated and untreated.
Results of the Panel Test for all
samples are reported in Table 3.
The effects of the free amino acids
on taste and on flavor are reported
by Kubícková & Grosch (24),
Yvon & Rijnen (14). The effects of
the free fatty acids on taste and fla-
vor are reported by Woo & Lind-
say (25), Freitas & Malcata (26),
House & Acree (27), Collins, Mc-
Sweeney, Wilkinson (28).
An example of the results of sen-
sorial analysis is reported in Fig-
ure 4; it shows a graph related to a
sample obtained with treated pig
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Table 1 - Evolution of free amino acids (mg 100 g−1 of cheese dry matter) during the ripening (1 = pig rennet treated; 2
= pig rennet untreated; 3 = calf rennet treated; 4 = calf rennet untreated)a.

Samples Asp Glu Ser Gly Hys Arg Thr Ala Pro

3 months
1 15.53 88.35 10.67 10.22 17.51 51.42 16.35 25.76 36.41
2 16.07 111.6 12.98 11.92 20.23 62.22 18.00 28.75 38.57
3 15.84 116.25 12.90 10.12 19.85 63.75 19.76 26.45 27.55
4 18.64 93.48 11.22 10.65 18.38 67.44 15.2 22.89 29.14

6 months
1 37.68 302.82 42.24 13.50 41.25 62.4 32.9 78.22 128.36
2 41.03 355.35 49.27 14.30 38.25 82.46 36.44 82.82 143.24
3 42.43 370.80 48.60 12.50 43.56 92.96 33.00 80.50 108.22
4 47.68 309.00 44.18 13.84 40.26 95.05 33.12 83.30 124.60

9 months
1 38.28 317.19 64.71 29.3 75.32 45.80 42.55 92.11 139.62
2 42.10 359.70 71.50 28.25 82.46 42.50 42.90 90.24 157.30
3 43.95 391.55 69.14 31.50 81.55 56.77 46.20 84.00 129.36
4 48.93 327.69 65.85 29.14 86.15 65.00 43.57 86.50 148.46

12 months
1 31.66 485.67 17.79 23.62 158.17 15.18 66.66 47.66 248.33
2 32.30 508.95 19.89 19.60 180.40 15.58 66.12 47.49 283.59
3 33.85 585.00 18.56 21.94 182.25 27.50 73.14 46.00 233.90
4 37.50 587.89 18.22 22.42 194.61 25.57 76.78 44.98 266.92

Samples Tyr Val Met Cys Ile Leu Phe Lys Trp Total

3 months
1 29.24 112.52 16.46 5.13 44.16 178.48 58.36 52.77 20.61 791
2 30.42 123.51 17.39 6.41 50.60 196.88 61.47 55.13 21.87 886
3 27.62 113.68 18.58 5.75 45.08 180.32 60.24 55.68 23.55 846
4 28.88 116.52 18.31 5.40 46.25 184.50 57.30 53.23 19.54 821

6 months
1 52.68 350.46 28.63 4.89 111.00 333.04 82.32 139.05 45.32 1,892
2 53.68 363.64 30.22 7.02 125.11 362.34 81.06 144.15 43.85 2,060
3 50.40 356.92 31.82 5.70 120.19 340.40 86.72 126.70 53.05 2,011
4 55.93 354.02 34.78 6.15 115.8 337.50 90.94 140.25 51.25 1,986

9 months
1 51.04 378.78 38.13 5.34 166.75 336.14 113.10 203.65 89.25 2,236
2 49.81 388.41 40.00 5.80 172.50 340.22 120.51 225.95 103.86 2,374
3 52.28 385.86 39.10 5.64 174.42 350.88 116.36 210.07 108.98 2,389
4 52.33 382.31 41.85 6.16 173.85 343.80 118.38 223.86 82.10 2,338

12 months
1 40.18 424.02 39.90 4.00 220.78 470.45 146.90 253.75 97.28 2,805
2 43.35 427.84 44.00 4.64 223.62 470.22 165.12 292.50 114.33 2,974
3 45.00 432.66 44.85 5.08 229.78 480.20 162.94 279.34 122.04 3,039
4 43.54 425.23 46.13 4.82 230.77 481.74 165.38 303.08 92.55 3,084
a The results obtained from 10 observations, for each free amino acid, as far as intralaboratory repeability is concerned, are expressed as mean (mg 100
g −1) and standard deviation. The % standard deviation ranged from 1.61 to 10.06%

04-di giacomo:di giacomo  28-02-2014  11:25  Pagina 230



PROGRESS IN NUTRITION 4/2013

231

Figure 2 - Evolution of total free amino acid content in
cheese made with pig rennet and calf rennet, with and
without oil and vinegar

Table 2 - Evolution of free fatty acids (mg 100 g −1 of cheese dry matter) during the ripening (1 = pig rennet treated; 2 =
pig rennet untreated; 3 = calf rennet treated; 4 = calf rennet untreated)a

Samples C4:0 C6:0 C8:0 C10:0 C12:0 C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 Total

3 months
1 114 43 19 38 35 251 791 27 310 495 31 54 2,208
2 133 41 18 68 45 313 939 36 352 596 43 74 2,658
3 146 61 28 80 55 410 1,007 50 445 825 65 72 3,244
4 157 55 26 72 89 413 1,010 44 405 790 64 86 3,211
6 months
1 143 52 21 61 74 326 901 36 361 611 52 59 2,697
2 151 54 24 78 78 389 986 43 392 669 61 73 2,998
3 202 73 39 96 86 538 1,121 58 475 853 83 75 3,699
4 168 62 32 85 95 493 1,053 49 428 824 75 81 3,445
9 months
1 185 47 30 102 143 514 1,094 55 466 818 91 73 3,618
2 106 35 20 92 138 503 1,083 51 461 792 75 61 3,417
3 132 56 35 123 155 566 1,182 69 502 902 98 79 3,899
4 101 37 19 106 140 511 1,109 61 482 842 90 69 3,567
12 months
1 100 41 26 95 121 477 1,023 44 421 756 73 60 3,237
2 66 30 19 87 131 508 1,045 61 443 792 95 65 3,342
3 94 50 32 115 121 561 1,180 69 560 890 126 78 3,876
4 65 33 15 118 136 470 1,166 58 435 712 90 69 3,367
a The results obtained from 10 observations, for each free fatty acid, as far as intralaboratory repeability is concerned, are expressed as mean (mg 100 g −1)
and standard deviation.The % standard deviation ranged from 3.5 to 7.5%

Figure 3 - Evolution of total free fatty acid content in
cheese made with pig rennet and calf rennet, with and
without oil and vinegar
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rennet with a ripening time of 9
months and a graph of a sample
obtained with treated calf rennet
with a ripening time of 9 months.
All data obtained were analysed
statistically using the multivariate
statistical approach, in particular
Linear Discriminant Analysis.
This methodology was applied to
separate the cheese samples based
on the presence of free amino acids
and the free fatty acids, respective-
ly and furthermore on the sensorial

analysis. The aim of this procedure
was to evaluate sample differentia-
tion and classification of data ex-
pressed as discriminant scores.
Therefore, depending on the
number of groups, one or two dis-
criminant functions were extract-
ed. To determine the number of
linear discriminant functions to
retain, Bartlett’s classical test was
applied,

b = - [N - (p + g)/2 -1] ln Λ

where N stands for the number of
observations, p for the number of
variables, g for the number of
groups and Λ represents the ratio
of the within-group sum of
squares to the total sum of
squares. Wilks’ Λ value provides
information pertaining to how
much of the total variability is due
to the differences between the
group means or to the within-
group variability. The value of Λ
can range between 0 and 1: Λ = 1

232
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Table 3 - Panel Test for four ewe cheese samples as a function of ripening

Sweet Friability Solubility Umidity Pungent Bitter Salty Acidity

Pig rennet treated
3 months 4.2 3 5 3 0 0 1.5 2
6 months 1.8 5 5 2 1.3 0 3 0.5
9 months 2.4 5 5 2.6 0.9 0 3 0
12 months 2.4 5.7 6 2.1 1.4 0 3 0
Mean 2.7 4.675 5.25 2.425 0.90 0 2.625 0.625
Pig rennet untreated
3 months 3.2 3 5 3 0 0 1.7 3
6 months 2.2 4.1 4.1 1 0.5 0 2 1
9 months 2.8 4.1 5 2.5 0.7 0.4 2.5 0
12 months 2.6 6 5.6 2.1 1.4 0.8 2.7 0
Mean 2.7 4.3 4.925 2.15 0.65 0.3 2.225 1
Calf rennet treated
3 months 3.5 4 5.5 4.5 0 0 2.5 4.2
6 months 1.4 5 4.1 2.2 1.8 0 3.5 1
9 months 2.2 5 5 2.5 2.6 1.1 3 0
12 months 2 6.5 6.5 2.8 2.2 1.1 3 0
Mean 2.275 5.125 5.275 3 1.65 0.55 3 1.3
Calf rennet untreated
3 months 2.9 4 5 4.5 0 0 2.4 4.5
6 months 2 5 5 2.2 0.7 0 2.7 1
9 months 2.4 5 4.2 2.2 1.8 0.5 2.2 0
12 months 2.2 5.5 5.6 2.1 1.1 1.1 2.1 0
Mean 2.375 4.875 4.95 2.75 0.9 0.4 2.35 1.375

04-di giacomo:di giacomo  28-02-2014  11:25  Pagina 232



when the two group means are
equal, while Λ = 0 if they differ.
Once a set of q variables has been
selected, the classification rule (al-
so known as Fisher’s linear Dis-
criminant functions) can be com-
puted using

i = 1, 2, …, q; j = 1, 2, …, g
for the coefficient, and

j = 1, 2, …, q
for the constant, where pj is the
prior probability of group j.
A significant Wilks Λ value was
obtained when the cheese samples
were classified as a function of the
rennets, using amino acid data set.
In this case, one discriminant
function was estimated, since the
number of groups in this sample
was 2, and 2-1 is the maximum al-
lowable number of eigenvalues for
the matrix W-1B. The first dis-
criminant eigenvalue (12.732) had
a Wilks Λ value close to zero
(0.073).
The distribution of data expressed
as discriminant scores along the
first eigenvector is presented in
Figure 5. In this representation of
all data, the two sample classes,
corresponding to cheese samples
with pig rennet and cheese sam-
ples with calf rennet, respectively,
were clearly distinct.

Based on the values for the two
linear discriminant functions for
each sample, the group member-
ship could be predicted using a
classification rule. In this case, all
cheese samples were correctly as-
signed to the group they belong
to. Furthermore the overall classi-
fication success was 100.0%.

According to Wilks Λ value an-
other distribution was quite sig-
nificant. In fact, if the data set re-
garding the free amino acid con-
tent is analysed as a function of
treatments, the results obtained
are the following. In this case, one
discriminant function was esti-
mated, since the number of groups

PROGRESS IN NUTRITION 4/2013
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Figure 4 - Graph A related to a sample obtained with pig rennet with oil and
vinegar with a ripening time of 9 months and graph B related to a sample ob-
tained with calf rennet with oil and vinegar with a ripening of 9 months
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in this sample was 2, and 2-1 is
the maximum allowable number
of eigenvalues for the matrix W-

1B. The first discriminant eigen-
value (7.030) had a Wilks Λ value
close to zero (0.125).
The distribution of data expressed
as discriminant scores along the
first eigenvector is presented in
Figure 6. In this representation of
all data, the two sample classes,
corresponding to cheese samples
treated and untreated, respectively,
were distinct.
Based on the values for the two
linear discriminant functions for
each sample, the group member-
ship could be predicted using a
classification rule. In this case, all

cheese samples were correctly as-
signed to the group they belong
to. The overall c lassification
success was 100%.
A significant Wilks Λ value was
obtained when the cheese samples
were classified as a function of the
rennets and of the treatment, us-
ing amino acid data set. In this
case, 3 discriminant functions
were estimated, since the number
of groups in this sample was 4,
and 4-1 is the maximum allowable
number of eigenvalues for the ma-
trix W-1B. The first discriminant
eigenvalue (27.724) had a Wilks Λ
value close to zero (0.002).
The distribution of data expressed
as discriminant scores along the

first eigenvector is presented in
Figure 7. In this representation of
all data, the four sample classes,
corresponding to cheese samples
with treated pig rennet (1), un-
treated pig rennet (2), treated calf
rennet (3) and untreated calf ren-
net (4), respectively, were clearly
distinct.
Based on the values for the four
linear discriminant functions for
each sample, the group member-
ship could be predicted using a
classification rule. In this case, all
cheese samples were correctly as-
signed to the group they belong
to. Furthermore the overall classi-
fication success was 100.0%.
The same methods of elaboration

234
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Figure 5 - The distribution of data regarding the free
amino acid content, related to cheese samples as function
of the two rennets, expressed as discriminant scores along
the first eigenvector

Figure 6 - The distribution of data regarding the free
amino acid content, related to cheese samples as function
of the treatments, expressed as discriminant scores along
the first eigenvector
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were used on the data set relating
to the content of free fatty acids,
and the results obtained are re-
ported in Figures 8, 9 and 10.
The cheese samples, as was to be
expected, are correctly classified,
showing an overall classification
success of 100% in function of the
ripening time, utilizing the data
on both free amino acids as well
as that on free fatty acids
According to Wilks Λ value an-
other distribution was quite sig-
nificant. In fact, if the whole data
set is analysed as a function of
Panel test, the results obtained are
the following. In this case, 3 dis-
criminant functions were estimat-

ed, since the number of groups in
this sample was 4, and 4-1 is the
maximum allowable number of
eigenvalues for the matrix W-1B.
The first discriminant eigenvalue
(3.603) had a Wilks Λ value close
to zero (0.030).
The distribution of data expressed
as discriminant scores along the
first eigenvector is presented in
Figure 11. In this representation
of all data, the four sample classes,
corresponding to cheese samples
with treated pig rennet (1), un-
treated pig rennet (2), treated calf
rennet (3) and untreated calf ren-
net (4), respectively, were distinct.
Based on the values for the four

linear discriminant functions for
each sample, the group member-
ship could be predicted using a
classification rule. In this case, all
cheese samples were correctly as-
signed to the group they belong
to. The overall classification suc-
cess was 93.8%.

Conclusion

The production of both free
amino acids and free fatty acids is
consistently lower when pig ren-
net is used in the production of
cheese. This indicates that pig
rennet has less and lipolytic and
proteolytic activity. These differ-
ences also have an influence on
the organoleptic characteristics of
cheese.
In fact, the Panel Test found that
the ewe cheese made with calf
rennet is consistently more spicy
(“piccante” flavour) and bitter than
the Farindola one made with pig
rennet, whereas this latter is al-
ways sweeter and never bitter.
These characteristics remain the
same even when the ripening is
extended (up to 12 months).
This can be explained by the well-
known fact that pre-gastric es-
terase is responsible for the exten-
sive lipolysis which results in the
characteristic “piccante” flavour of
some cheeses (29-30). This “pic-
cante” flavour is due primarily to
the release of short chain FFAs ,
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Figure 7 - The distribution of data regarding the free amino acid content, re-
lated to cheese samples as function of rennets and treatments, expressed as
discriminant scores along the first two eigenvectors (1 = pig rennet with oil
and vinegar; 2 = pig rennet without oil and vinegar; 3 = calf rennet with oil
and vinegar; 4 = calf rennet without oil and vinegar)
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Figure 8 - The distribution of data regarding the free fat-
ty acid content, related to cheese samples as function of
the two rennets, expressed as discriminant scores along
the first eigenvector. 100.0% of original grouped cases
correctly classified.

Figure 9 - The distribution of data regarding the free fat-
ty acid content, related to cheese samples as function of
the treatments, expressed as discriminant scores along the
first eigenvector. 93.8% of original grouped cases correct-
ly classified.

Figure 10 - The distribution of data regarding the free
fatty acid content, related to cheese samples as function
of rennets and treatments, expressed as discriminant
scores along the first two eigenvectors (1 = pig rennet
with oil and vinegar; 2 = pig rennet without oil and vine-
gar; 3 = calf rennet with oil and vinegar; 4 = calf rennet
without oil and vinegar). 100.0% of original grouped cas-
es correctly classified

Figure 11 - Discrimination of cheeses obtained with dif-
ferent rennets and treatements, as a function of Panel
Test, expressed as discriminant scores along the first two
eigenvectors (1 = pig rennet with oil and vinegar; 2 = pig
rennet without oil and vinegar; 3 = calf rennet with oil
and vinegar; 4 = calf rennet without oil and vinegar).
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i.e. C4:0 to C10:0 (31). Long chain
FFA plays a minor role in cheese
flavor, whereas short chain has a
considerably lower perception
threshold and gives a characteris-
tic flavour note: for example bu-
tanoic acid contributes “rancid”
and “cheesy” flavour, hexanoic acid
has a “pungent” flavor note, and so
on. The more extensive proteolysis
also explains the bitter taste. In
fact, as it is known, a positive cor-
relation was found between b-ca-
sein degradation and the bitter
taste (32) and the main peptides
responsible for the bitter taste in
cheese appear to be those corre-
sponding to the C-terminal por-
tion of b-casein (33- 34). Other
authors have attributed bitter fla-
vor in cheese to the concentration
of arginine (35).
These characteristics of Farindola
ewe Cheese, which make it sweet-
er and less spicy and bitter than
cheeses made with calf rennet, ex-
plain its prestige and popularity
with consumers. This performance
confirms widely what is reported
by Pasta et al. (36). These re-
searches have been demonstrated
that food linked to the biodiversi-
ty is better evaluated than indus-
trial products thank to their quali-
tative components that are imme-
diately recognizable by the con-
sumers, independently from the
presence of external cues.
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