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Influence of Lamb Rennet Paste Containing Probiotic on Proteolysis
and Rheological Properties of Pecorino Cheese
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ABSTRACT

Pecorino cheeses made from heat-treated ewes’ milk
using traditional lamb rennet paste (RP), lamb rennet
paste containing Lactobacillus acidophilus (LA-5;
RPL), and lamb rennet paste containing a mix of Bifi-
dobacterium lactis (BB-12) and Bifidobacterium lon-
gum (BB-46; RPB) were characterized for proteolytic
and rheological features during ripening. Consumer ac-
ceptance of cheeses at 60 d of ripening was evaluated.
Lactobacillus acidophilus and Bifidobacterium mix dis-
played counts of 8 log10 cfu/g and 9 log10 cfu/g, respec-
tively, in cheese during ripening. The RPB cheese dis-
played a greater degradation of casein (CN) matrix
carried out by the enzymes associated to both Bifido-
bacterium mix and endogenous lactic acid microflora,
resulting in the highest values of non-CN N and water-
soluble N and the highest amount of αs-CN degradation
products in cheese at 60 d of ripening. The RPL cheese
displayed intermediate levels of lactic acid bacteria and
of N fractions. The percentage of γ-CN in RP and RPL
cheeses at 60 d was 2-fold higher than in the cheese
curd of the same groups, whereas the mentioned param-
eter was 3-fold higher in RPB cheese than in the corres-
ponding fresh curd according to its highest plasmin
content. The lower hardness in RPB at the end of ripen-
ing could be ascribed to the greater proteolysis observed
in cheese harboring the Bifidobacterium mix. Although
differences in proteolytic patterns were found among
treatments, there were no differences in smell and
taste scores.
Key words: rennet paste, probiotic bacteria, Pecorino
cheese, proteolysis

INTRODUCTION

Enzyme composition of rennet paste contributes to
the development of typical flavor in cheese made from
ovine milk (Addis et al., 2005; Santillo et al., 2007a,b).
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Milk coagulation is a major step of cheese manufactur-
ing and largely determines the texture of the product
(Lebecque et al., 2001).

Fermented dairy products enriched with probiotic
bacteria have developed into one of the most successful
categories of functional foods. Cheese could offer certain
advantages as delivery systems of live probiotics to the
gastrointestinal tract, having a higher pH than fer-
mented milks and providing a more stable matrix sup-
porting long-term survival (Corbo et al., 2001; Ross et
al., 2002). The main probiotic organisms that are cur-
rently used worldwide belong to the genera Lactobacil-
lus and Bifidobacterium (Shah, 2007).

Pecorino foggiano cheese, a traditional uncooked
sheep’s milk cheese, is of great value to the agricultural
economy of the Apulia region of Italy. It is extremely
valued in the local market and can be sold as short-
time ripened cheese with a soft texture and a thin yellow
rind or as a long-time ripened cheese with a harder
texture and a more piquant and intense flavor (Santillo
et al., 2007a). The local genetic breed Gentile di Puglia
is classified as one of the main fine-wooled ovine breeds
(Fahmy and Shrestha, 2003); the small volume of milk
yielded during lactation (80 to 100 kg) is destined to
lambs’ feeding and for typical Pecorino cheese produc-
tion (Chessa et al., 2003). Recent sources reported for
Gentile di Puglia a total of about 6,000 animals reared
in 35 farms located in Southern Italy (http://www.asso-
napa.it).

In this study, Lactobacillus acidophilus and a mix
of Bifidobacterium lactis and Bifidobacterium longum
were added into traditional lamb rennet paste. Pecorino
cheese produced by Gentile di Puglia ewe milk coagu-
lated with traditional lamb rennet paste or with rennet
paste containing probiotic bacteria was characterized
for proteolytic and rheological features during ripening.
Differences in preference and acceptance of the cheeses
at the end of ripening were also evaluated.

MATERIALS AND METHODS

Lamb Rennet Paste Production

The abomasa for rennet paste production were ex-
tracted from suckling lambs reared in the Apulia region
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(Southern Italy). The abomasa were processed at indus-
trial plant scale according to a traditional protocol: the
perivisceral fat was removed and the whole stomach
was cut into slices, salt was added (18 to 20% wt/wt),
and the samples were ripened at 6°C and 70% relative
humidity for 2 mo. Ripened abomasa were ground to
obtain a paste. Lyophilized cultures of L. acidophilus
(LA-5) and B. lactis (BB-12) and B. longum (BB-46;
Chr. Hansen, Milan, Italy) were first propagated in De
Man, Rogosa, Sharpe (MRS) broth (Merck, Darmstadt,
Germany) with adjunct of maltose (20 g/L, mMRS) pH
5 and in MRS broth with adjunct of Cys (10 g/L,
cysMRS) pH 5, respectively, under anaerobiosis at
37°C for 24 h. Cells were harvested by centrifugation
at 4,000 rpm for 10 min, washed twice with sterile
distilled water, and then inoculated in rennet paste at
a concentration of 11 log10 cfu/g of rennet paste. The
paste containing probiotics was held for 24 h at 4°C
before cheese production.

Analyses on Lamb Rennet Paste

Microbiology and Milk-Clotting Activity. Five
grams of rennet paste was diluted in 45 mL of 0.9%
(wt/vol) sterile saline solution and homogenized in a
Stomacher Lab-Blender 400 (PBI International, Milan,
Italy) for 1 min. The aforementioned solution was also
used to realize serial dilutions of sample that were
plated on specific media for viable counts. The following
media and conditions were used for analyses: plate
count agar incubated for 48 h at 32°C for mesophilic
bacteria; violet red bile agar incubated for 24 h at 37
and 44°C for total and fecal coliforms, respectively; M17
agar incubated, under anaerobiosis, for 48 h at 37°C for
mesophilic lactococci; and MRS agar incubated under
anaerobiosis for 48 h at 37°C for mesophilic lactobacilli.

Determination of total milk-clotting activity was car-
ried out according to the IDF (2006, standard 199).
The total milk-clotting activity of the test sample was
calculated by interpolation relative to a bovine rennet
with an enzyme composition of 75:25 (chymosin:pepsin)
and a known milk-clotting activity. Results are reported
as international milk-clotting units per gram of ren-
net paste.

Chymosin and Pepsin Activities in the Rennet
Pastes. Aqueous rennet extracts (20%, wt/vol) were
dialyzed for 3 h against 0.02 M piperazine buffer at
pH 5.3 through a dialysis tubing cellulose membrane
(D9277, Sigma-Aldrich, Milano, Italy). Samples of the
same rennet extract, both dialyzed and nondialyzed,
were used to determine chymosin and pepsin activities
according to the IDF (1997, standard 157a). Enzyme
activity was reported as rennet units; 1 rennet unit is
defined as the amount of enzyme contained in 1 mL of
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an enzyme preparation, which clots 10 mL of a reconsti-
tuted skim milk in 100 s at 30°C.

Analyses of Ewe’s Milk

Bulk milk and whey samples collected after milk clot-
ting and extraction of the curd were analyzed for fat,
protein, and lactose content (MilkoScan, FT 120, Foss
Electric, Hillerød, Denmark); pH value (GLP 21, Crison,
Barcelona, Spain); and somatic cell count (Fossomatic
Minor, Foss Electric).

Pecorino Cheese Production

Gentile di Puglia ewe’s milk was used for Pecorino
cheese production. Three Pecorino cheesemaking trials
were performed in triplicate at industrial plant scale
according to the protocol reported by Santillo et al.
(2007a) with modifications: milk was heated (67°C, 20
s), then cooled to 38°C prior to rennet addition, and
after molding and pressing the curds, were held at 42°C
for 5 h. Cheeses were denoted RP—control cheese made
with rennet paste, RPL—cheese made with rennet
paste containing L. acidophilus culture (LA-5), and
RPB—cheese made with rennet paste containing a mix
of B. lactis (BB-12) and B. longum (BB-46). Cheeses
were sampled and analyzed in duplicate at 1, 7, 15, 30,
and 60 d of ripening.

Analyses of Cheese

Chemical Composition and Microbiology of
Cheese. Dry matter content and pH of cheeses were
determined according to IDF (1986, 1989). Total N (TN)
and non-CN N (NCN) were determined as described by
Gripon et al. (1975), and water-soluble N (WSN) was
measured as proposed by Stadhouders (1960).

Mesophilic bacteria (32°C for 48 h; plate count agar,
Oxoid, Basingstoke, Hampshire, UK), total coliforms
(37°C for 24 h; violet red bile agar, Biolife, Milano,
Italy), mesophilic lactococci and lactobacilli (37°C for 3
d; M17 agar and MRS agar, Merck) were enumerated.
The enumeration of L. acidophilus and Bifidobacterium
during cheese ripening was carried out using mMRS
and cysMRS media, the pour-plate technique, and the
results from plate counts were confirmed by microscopic
observation of the isolates from colonies according to
Corbo et al. (2001).

Electrophoretic Analysis of Cheese. The pH 4.6
insoluble N fractions of Pecorino cheese were analyzed
by urea-PAGE using a Protean II xi vertical slab gel
unit (BioRad, Watford, UK). The stacking and resolving
gel system was prepared as described by Andrews
(1983). The gels were stained according to the method
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of Blakesley and Boezi (1977) with Coomassie Brillant
Blue G250. The destained gels were acquired by means
of the Gel Doc EQ system (BioRad) using a white light
conversion screen and analyzed with the Quantity One
software (BioRad) to determine the signal intensity (op-
tical density) of the defined bands. Bands were identi-
fied by comparison with urea-PAGE electrophoreto-
grams obtained under comparable conditions (Trujillo
et al., 2000; Bustamante et al., 2003; Santillo et al.,
2007a). Given 100% the sum of the intensity of the
defined bands in a lane, the relative quantity of each
band was determined as the percentage of the signal
intensity of the defined bands in a lane.

Determination of Plasmin and Plasminogen
Contents in Cheese. Plasmin (PL)- and plasminogen
(PG)-derived activities were determined in cheese
throughout ripening, according to the method of Baldi
et al. (1996).

Cheese samples were treated according to a modifi-
cation of the method of Richardson and Pearce (1981):
grated cheese (5 g) was dispersed in 20 mL of 0.4 M
sodium citrate (pH 8.5), held at 38°C for 15 min, and
homogenized in a Stomacher Lab-Blender 400 (PBI In-
ternational, Milan, Italy) for 5 min. The dissociation of
PL and PG from CN micelles was obtained by incuba-
tion of the homogenized cheese with 50 mM ε-aminoca-
proic acid for 2 h at room temperature (Korycka-Dahl
et al., 1983). A standard curve was prepared to convert
PL (Sigma Chemical Co., St. Louis, MO) activity to PL
concentration by plotting changes in absorbance
against concentrations of PL over a range from 0 to 16
�g/mL. The PL concentration was reported as micro-
grams per milligram of cheese.

Determination of Rheological Parameters in
Cheese. Samples for cheese texture analysis were ob-
tained by cutting a 1-cm-thick slice from the central
diameter of the cheese wheel at 30 and 60 d of ripening.
Then, 6 rectangular parallelepipeds, 1 × 1 cm thick and
2 cm long, were obtained from the slide. The cheese
samples were left at room temperature for 10 min before
testing. Texture profile analysis was evaluated with an
Instron 4301 device (Instron Ltd., High Wycombe, UK)
using a modified compression device that avoids trans-
versal elongation of the samples. Each sample under-
went 2 cycles of 80% compression; force × time data were
used to calculate the following parameters: hardness,
cohesiveness, springiness, gumminess, chewiness.

Preference and Acceptance Test. A panel of 80
untrained consumers, equally distributed by sex be-
tween 25 and 50 yr old, was involved in the analysis;
the criterion for recruiting was cheese consumption.
Each sample was assigned with 3-digit random num-
bers, and cheese slices (1.5-mm thick) from the 3 repli-
cations of the same batch were mixed randomly so that
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all replications from the same batch were presented an
equal number of times. A glass of water as well as
unsalted crispy bread were also provided, and consum-
ers were instructed to take a small bite of bread and a
sip of water after each cheese tasting. The cheeses were
evaluated for color, smell, and taste liking on a 9-point
hedonic scale anchored with “like extremely” and “dis-
like extremely” and with a neutral center point of “nei-
ther like nor dislike” (Peryam and Pilgrim, 1957). The
consumers were then asked to give their preference
among the cheeses.

Statistical Analysis

All the variables were tested for normal distribution
using the Shapiro-Wilk test (Shapiro and Wilk, 1965).
Data on chemical composition, PL and PG, and rheologi-
cal parameters of cheeses were processed by ANOVA,
using the GLM procedure of SAS (SAS Institute, 1999).
The model utilized was

yijk = � + αi + βj + (αβ)ij + εijk [1]

where � = the overall mean; α = the effect of the type
of rennet used for cheesemaking (i = 1 to 3); β = the
effect of time of ripening of cheese (j = 1 to 5, for chemical
composition, PL, and PG; j = 1 to 2 for rheological pa-
rameters); αβ = the interaction of type of rennet × time
of ripening; and ε = the error. Preference and acceptance
data were analyzed using ANOVA with 1 factor (lamb
rennet paste).

Results are presented as the least squares means of
the rennet paste characteristics for each type of rennet,
and the variability of the data is expressed as the SEM
of the mean response throughout the whole trial. The
value P < 0.05 was considered to indicate significant dif-
ferences.

RESULTS AND DISCUSSION

Enzymatic and Microbial Characteristics
of Lamb Rennet Paste

Total milk-clotting activity of the rennet paste was
155 international milk-clotting units/g, and chy-
mosin:pepsin ratio was 70:30 in agreement with previ-
ous reports of the same authors (Santillo et al., 2007b)
for rennet paste obtained from lambs fed a milk diet.
Rennet paste displayed a satisfactory microbial quality
with the total mesophilic count being less than 5 log
cfu/g and with no coliforms being detected. Mesophilic
lactobacilli (1.18 log cfu/g) and lactococci (2.95 log cfu/
g) were found probably due to the feeding regimen of
the lambs slaughtered for rennet production, based on
maternal milk.
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Table 1. Yield and gross composition of Gentile di Puglia ewe milk
used for Pecorino cheesemaking

Parameters Mean values

Milk yield, kg/d per ewe 0.65
Fat, % wt/wt 8.55
Protein, % wt/wt 5.63
Lactose, % wt/wt 4.44

Milk Composition and Cheese Quality

Milk yield, fat, protein, and lactose content of Gentile
di Puglia ewe milk are shown in Table 1. The values
from the present experiment were in the range reported
for this breed (Ragni et al., 2001; http://www.assona-
pa.it). Gentile di Puglia is a fine-wooled ovine breed,
which gives a small volume of milk. For its high level of
nutrients, milk is destined for typical cheese production
giving high cheese yields. In the present survey, mean
value of cheese yields were (X ± SE) 17.65 ± 0.85, 18.87
± 1.08, and 19.79 ± 0.98% for RP, RPL, and RPB cheeses,
respectively. Fat content in whey from cheesemaking
was higher (P < 0.001) in the whey from RP (2.51%)
than from RPL and RPB cheese (1.98 and 1.47%, respec-
tively). Cheese produced using rennet containing probi-
otic gave fresh cheese curds with greater ability to in-
clude fat globules, probably due to lower pH levels de-
tected in the same cheeses (Figure 1), responsible for
accelerating the rearrangement process of CN particles
into a more compact structure.

Lactobacillus acidophilus and Bifidobacterium spp.
mix, enumerated on specific media, remained constant
during ripening, displaying counts of 8 and 9 log10 cfu/
g, respectively. Lactobacillus acidophilus and Lactoba-
cillus paracasei, used as adjunct starters in semihard
cheesemaking experiments, turned out to influence the
growth dynamics of lactic acid bacteria in cheese during
ripening (Bergamini et al., 2006). Under our conditions,
the activity of bifidobacteria and L. acidophilus may
have been directly responsible for the increased growth
and survival of mesophilic lactobacilli and lactococci.
Mc Brearty et al. (2001) found that Cheddar cheese
harboring high levels of B. lactis BB-12 throughout rip-
ening also contained higher levels of nonstarter lactic
acid bacteria than did the control cheese, possibly as a
result of the higher level of available free amino acids
in the cheese as a result of more extensive proteolysis,
which may act as a nutrient source for lactobacilli. The
RPB and RPL showed the highest cell loads of meso-
philic lactococci (8.82 and 8.87 log10 cfu/g, respectively;
P < 0.001) starting from 7 d of ripening and of mesophilic
lactobacilli (8.95 and 8.45 log10 cfu/g, respectively; P <
0.001) starting from 15 d of ripening. Starting from 30
d, RPB showed the highest (P < 0.001) cell loads of
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mesophilic lactobacilli (8.75 log10 cfu/g) and lactococci
(9.08 log10 cfu/g), whereas RPL showed intermediate
values for the same microorganisms (8.06 and 7.77 log10
cfu/g, respectively). The RP showed the lowest cell loads
of mesophilic lactobacilli and lactococci (4.81 and 4.63
log10 cfu/g, respectively) throughout ripening.

The pH values were lower in cheese made using paste
containing probiotics than in the control cheese (P <
0.001) until 30 d. The ripening of the Terrincho sheep
milk cheese caused increases in acidity and decreases
in pH up to 30 d but slight increases between 30 and
60 d (Park, 2007). Accordingly, RPL and RPB showed
a slight, even if not significant, increase in pH passing
from 30 to 60 d. The decrease in pH values in cheeses
obtained using rennet added with probiotic was as-
cribed to the extensive fermentation of lactose to lactic
acid carried out by both the microorganism inoculated
in the rennet paste and the endogenous lactic acid
bacteria.

Proteolysis in Cheese

In Table 2 moisture, CN/DM, NCN/TN, and WSN/
TN are reported. Moisture did not show differences in
the experimental cheese curds, whereas it was signifi-
cantly (P < 0.001) influenced by the tested effects as
the ripening time advanced. The RP cheese displayed
lower values, whereas RPB cheese had higher values
of moisture throughout ripening. The adjunct probiotic
bacteria in lamb rennet paste yielded higher cheese
moisture, probably due to the greater production of lac-
tic acid. High production of lactic acid in the initial
stages of processing may cause the coagulum to lose
more Ca into the whey and result in a lower ability of
the curd to contract and thus expel water in subsequent
cheese aging (Jimenez-Marquez et al., 2005).

Most of the coagulant added to the milk is lost in the
whey; at most, 15% of the rennet activity added to the
milk remains in the curd after manufacture, depending
on factors such as type of coagulant, ratio of different
enzymes, cooking temperature, cheese variety, and
moisture level of the final cheese (Sousa et al., 2001).
In the present trial, cheese obtained using rennet paste
supplemented with probiotic bacteria displayed a
higher primary proteolysis as suggested by the higher
rate of disappearance of CN in those cheeses than in
the control cheese during the first week of ripening.
The major moisture reduction in the control cheese be-
tween 1 and 7 d could explain the differences in the
CN content; when the water loss is high, there is a
concentration of total solids in the cheese matrix. Start-
ing from 30 d, RPL cheese displayed CN content compa-
rable to RP cheese despite its higher lactic acid bacteria
cell loads; in fact, enzymes released by L. acidophilus
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Figure 1. Changes in pH in cheese manufactured using traditional lamb rennet paste and lamb rennet paste containing probiotic during
ripening. ◆ RP: cheese manufactured using traditional lamb rennet paste; � RPL: cheese manufactured using lamb rennet paste containing
Lactobacillus acidophilus (LA-5); ▲ RPB: cheese manufactured using lamb rennet paste containing Bifidobacterium lactis (BB-12) and
Bifidobacterium longum (BB-46). a,bMeans with different letters differ at P < 0.05, for each time of ripening.

could have been expected to act as a greater proteolysis
in the RPL cheese. The RPB cheese displayed the lowest
CN content starting from 30 d of ripening. It is well
known that lactic acid bacteria are one of the proteolytic
agents in cheese during ripening (Fox, 2003). The choice
of the lactic acid bacteria strain seems to play an im-
portant role in cheese proteolysis. In RPB cheese, the
enzymes associated to both Bifidobacterium mix and
lactic acid bacteria carried out a greater degradation
of CN matrix leading to an accelerated cheese ripening.

The majority of pH 4.6 soluble N is made up of large-
and medium-sized peptides produced by the action of
residual rennet and PL, but it also contains numerous
small-sized peptides, free amino acids, and their catabo-
lites produced by microflora (Fallico et al., 2005). In
this trial, no differences were found in NCN/TN and
WSN/TN fractions at 1 d among the experimental
cheeses, whereas, as ripening advanced, RPB showed
the highest, RPL intermediate, and RP the lowest (P <
0.001) values, confirming the greater degradation of
CN matrix in cheese obtained using lamb rennet paste
containing bifidobacteria. In Canestrato pugliese
cheese with added bifidobacteria, more pronounced im-
ino-, amino-, and dipeptidase activities were found to-
gether with a higher concentration of pH 4.6 soluble N/
TN (Corbo et al., 2001). The greater proteolysis was
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also confirmed by the electrophoretic analysis of the
experimental cheeses, RPB showing a higher amount
of αs-CN degradation products starting from 30 d of
ripening (Figure 2). A progressive and significant in-
crease in γ-CN and αs-CN degradation products took
place in all cheeses during ripening, the latter fraction
being quantitatively higher as a result of a more exten-
sive degradation occurring in αs-CN than in β-CN frac-
tion. It has been reported that β-CN is resistant to
hydrolysis during the ripening of most cheese varieties.
Furthermore, when animal rennet was used in internal
bacterially ripened cheese varieties, proteolysis of β-
CN was less than that of αs-CN (Fox, 1993).

The contribution of PL to proteolysis is relevant to
cheese quality through hydrolysis of CN (Kelly and
McSweeney, 2002), and the increase in the PL activity
in cheeses, as a result of PG activation, ameliorates the
flavor and the overall quality of cheese (Farkye and
Landkammer, 1992). Plasmin, PG concentration, and
PG:PL ratio are reported in Table 3. Plasmin was the
highest (P < 0.001) in RPB up to 15 d of ripening,
whereas no differences were found among cheeses for
PG, except at 7 d with the highest values being reported
in RPB cheese. At 1 d of ripening, the rate of PG conver-
sion was the highest (P < 0.001) in RPB due to the
highest (P < 0.05) amount of β-CN (40.41% vs. 36.71%
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Table 2. Chemical composition of cheese manufactured using traditional lamb rennet paste and lamb rennet
paste containing probiotic during ripening

Lamb rennet paste1
Effect

Ripening Rennet
Parameter2 time, d RP RPL RPB SEM Rennet Time × time

Moisture, % 1 49.21 49.03 49.01
7 36.05a 37.59b 39.77c

15 34.15a 34.17a 37.66b

30 31.16a 33.53b 32.32b

60 28.41a 28.45a 30.41b 0.27 *** *** ***
CN/DM, % 1 31.98 33.78 33.21

7 31.37b 24.82a 23.10a

15 29.84b 24.39a 21.62a

30 24.15b 24.04b 19.26a

60 19.69b 19.63b 15.13a 1.5 *** *** NS
NCN/TN, % 1 10.39 11.01 10.19

7 7.89a 11.59b 15.05c

15 9.82a 15.43b 20.62c

30 13.10a 16.39b 22.42c

60 15.72a 20.76b 23.21c 0.7 *** *** ***
WSN/TN, % 1 10.15 10.52 11.36

7 15.24a 23.49b 29.77c

15 22.17a 28.85b 40.53c

30 24.17a 31.96b 42.69c

60 33.83a 41.58b 52.72c 1.34 *** *** ***

a–cMeans with different superscripts differ for each item in rows (P < 0.05).
1RP = cheese manufactured using traditional lamb rennet paste; RPL = cheese manufactured using lamb

rennet paste containing Lactobacillus acidophilus (LA-5); RPB = cheese manufactured using lamb rennet
paste containing Bifidobacterium lactis (BB-12) and Bifidobacterium longum (BB-46).

2NCN/TN = non-CN/total N; WSN/TN = water-soluble N/total N.
***P < 0.001.

and 37.4% in RP and RPL, respectively), which is the
preferred substrate for PL. The evolution of γ-CN frac-
tion in cheese during ripening is shown in Figure 3.
This fraction was higher (P < 0.001) in RP than in
RPB in the time points evaluated; this could appear in
disagreement with PL content in the same cheeses. It
is noteworthy that the percentage of γ-CN in RP and
RPL cheeses at 60 d was 2-fold higher than in the cheese
curd of the same group, whereas the mentioned param-
eter was 3-fold higher in RPB cheese than in the corres-
ponding fresh curd, as a result of the higher hydrolysis
carried out by the higher PL content in the latter cheese.
The major increase of γ-CN in RPB cheese could be an
outcome of the highest PL content in the same cheese,
although these 2 parameters are not synchronized. The
percentage of γ-CN decreased from 30 to 60 d in all
cheeses as the peptides produced by PL activity were
further hydrolyzed to small peptides and amino acids.

Rheological Parameters in Cheese

Texture plays an important role in the quality of
cheese and depends on cheese structure (Pinho et al.,
2004; Park, 2007). Rheological parameters of the exper-
imental cheeses at 30 and 60 d of ripening are reported
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in Table 4. The RPB cheese at both 30 and 60 d showed
lower values for all parameters than RP cheese,
whereas RPL behaved differently with increasing rip-
ening time: rheological profile was comparable to RPB
at 30 d, but all the parameters markedly increased with
time to such an extent that they were not different
between RPL and RP cheese at 60 d of ripening. It has
been shown that high acidity, protein, and total solids
contents generally make the cheese harder and less
easily deformed (Kehagias et al., 1995). It is worth no-
ticing that, in the present experiment, cheeses dis-
playing lower moisture were found to be harder accord-
ingly. The higher hardness recorded in RP cheese could
also be ascribed to the lower proteolysis; Park (2007)
reported a high correlation between those parameters
due to proteolysis of CN disrupting the protein bonds
with a more flexible cheese matrix. The pH also plays
an important role in cheese texture; as the pH of cheese
curds decreases, there is a concomitant loss of colloidal
calcium phosphate from the CN submicelles and, below
about pH 5.5, a progressive dissociation of the submicel-
les into smaller CN aggregates (Lebecque et al., 2001).
The pH values of RPB and RPL cheeses were lower
than 5.5 starting from 7 d of ripening, whereas pH
decreased slower in the control cheese with increasing
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Figure 2. Evaluation of αs-CN degradation products in cheese manufactured using traditional lamb rennet paste and lamb rennet paste
containing probiotic during ripening. ◆ RP: cheese manufactured using traditional lamb rennet paste; � RPL: cheese manufactured
using lamb rennet paste containing Lactobacillus acidophilus (LA-5); ▲ RPB: cheese manufactured using lamb rennet paste containing
Bifidobacterium lactis (BB-12) and Bifidobacterium longum (BB-46). a–cMeans with different superscripts differ at P < 0.05, for each time
of ripening.

Table 3. Plasmin and plasminogen concentration and plasminogen-plasmin ratio in cheese manufactured
using traditional lamb rennet paste and lamb rennet paste containing probiotic during ripening

Lamb rennet paste1
Effect

Ripening Rennet
Parameter time, d RP RPL RPB SEM Rennet Time × time

Plasmin, �g/mg 1 0.141a 0.069a 0.212b

7 0.303b 0.114a 0.374c

15 0.157a 0.143a 0.385b

30 0.171a 0.309b 0.141a

60 0.152 0.175 0.161 0.02 *** *** ***
Plasminogen, �g/mg 1 0.172 0.215 0.19

7 0.047a 0.037a 0.114b

15 0.057 0.076 0.064
30 0.044 0.08 0.038
60 0.067 0.065 0.022 0.02 NS *** NS

Plasminogen:plasmin 1 1.22b 3.11c 0.90a

7 0.15 0.35 0.31
15 0.37 0.55 0.15
30 0.26 0.26 0.28
60 0.44 0.38 0.13 0.16 *** *** ***

a–cMeans with different superscripts differ for each item in rows (P < 0.05).
1RP = cheese manufactured using traditional lamb rennet paste; RPL = cheese manufactured using lamb

rennet paste contining Lactobacillus acidophilus (LA-5); RPB = cheese manufactured using lamb rennet
paste containing Bifidobacterium lactis (BB-12) and Bifidobacterium longum (BB-46).

***P < 0.001.
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Figure 3. Evolution of γ-CN in cheese manufactured using traditional lamb rennet paste and lamb rennet paste containing probiotic
during ripening. ◆ RP: cheese manufactured using traditional lamb rennet paste; � RPL: cheese manufactured using lamb rennet paste
containing Lactobacillus acidophilus (LA-5); ▲ RPB: cheese manufactured using lamb rennet paste containing Bifidobacterium lactis (BB-
12) and Bifidobacterium longum (BB-46). a,bMeans with different superscripts differ for each item at P < 0.05, for each time of ripening.

ripening, being the aforementioned value reached after
30 d. Despite the comparable pH values of RPL and
RPB cheese, index of metabolic activity of lactic acid
bacteria in cheese, the lower hardness in RPB at the end
of ripening could be ascribed to the greater proteolysis
observed in cheese harboring the Bifidobacterium mix.

Table 4. Rheological parameters of cheese manufactured using traditional lamb rennet paste and lamb
rennet paste containing probiotic at 30 and 60 d of ripening

Lamb rennet paste1
Effect

Ripening Rennet
Parameter time, d RP RPL RPB SEM Rennet Time × time

Hardness, N 30 31.58b 19.76a 9.17a

60 35.57b 37.51b 25.32a 3.66 * * NS
Cohesiveness 30 0.21b 0.14a 0.08a

60 0.18b 0.15b 0.06a 0.02 *** NS NS
Springiness, mm 30 7.8b 7.57a 7.32a

60 7.89c 7.13b 5.1a 0.14 ** * *
Gumminess, N 30 0.57b 0.23a 0.07a

60 0.58b 0.57b 0.19a 0.1 *** * NS
Chewiness, N × mm 30 4.1b 1.7a 0.68a

60 10.03b 10.11b 1.45a 0.46 *** *** ***

a–cMeans with different superscripts differ for each item in rows (P < 0.05).
1RP = cheese manufactured using traditional lamb rennet paste; RPL = cheese amnufactured using lamb

rennet paste containing Lactobacillus acidophilus (LA-5); RPB = cheese manufactured using lamb rennet
paste containing Bifidobacterium lactis (BB-12) and Bifidobacterium longum (BB-46).

*P < 0.05; **P < 0.01; ***P < 0.001.
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Preference and Acceptance Test in Cheese

Preference and acceptance tests were performed to
evaluate the degree of liking of the experimental
cheeses. Color, smell, and taste liking of the cheeses
are presented in Table 5. No differences were identified
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Table 5. Acceptance of cheese manufactured using traditional lamb rennet paste and lamb rennet paste
containing probiotic at 60 d of ripening

Lamb rennet paste1 Effect

Parameter RP RPL RPB SEM Rennet

Color 6.78b 6.06a 6.78b 0.23 *
Smell 6.59 6.31 6.84 0.24 NS
Taste 6.25 6.81 6.31 0.27 NS

a,bMeans with different superscripts differ for each item in rows (P < 0.05).
1RP = cheese manufactured using traditional lamb rennet paste; RPL = cheese manufactured using lamb

rennet paste containing Lactobacillus acidophilus (LA-5); RPB = cheese manufactured using lamb rennet
paste containing Bifidobacterium lactis (BB-12) and Bifidobacterium longum (BB-46).

*P < 0.05.

by consumers for smell and taste, whereas RPL received
the lowest score (P < 0.05) for color. Preference test did
not evidence differences among cheeses. Lamb rennet
paste containing probiotics used for traditional Pecor-
ino cheese production must transfer viable cells into
the cheese matrix as well as maintain organoleptic
characteristic similar to conventional cheese. Although
differences in proteolytic patterns were detected among
the cheeses at the end of ripening, this did not account
for differences in product liking. Addition of bifidobact-
eria to Gouda (Gomes et al., 1995) and Cottage
(Blanchette et al., 1996) cheeses had a negative effect
on cheese flavor and resulted in a reduced acceptability
with respect to the traditional cheeses. In Cheddar
cheese, Ong et al. (2007) found that acceptability of
probiotic cheese is strain-dependent; thus, the evalua-
tion of the acceptability of cheese is crucial when select-
ing probiotic strains to be used in the cheesemaking
process.

CONCLUSIONS

Probiotic bacteria cultures, LA-5, BB-12, and BB-46,
were incorporated into lamb rennet paste used for Pec-
orino cheese manufactured according to a traditional
protocol. Probiotics remained viable at high levels in
cheese throughout ripening and influenced the proteo-
lytic and rheological features of ovine cheese.

During ripening, cheese obtained using rennet with
bifidobacteria showed greater proteolysis and lower
hardness owing to higher CN degradation carried out by
proteolytic enzymes associated to both Bifidobacterium
mix and endogenous lactic acid microflora. Although
differences in proteolyic patterns were found among
treatments, this did not account for differences in smell
and taste scores. The traditional lamb rennet paste
containing probiotic bacteria can be used in the produc-
tion of functional cheese, which maintain the acceptable
quality of the typical Pecorino cheese.

Journal of Dairy Science Vol. 91 No. 5, 2008
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