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1 Introduction
The flavour of mature cheese is the result of a complex series of 

biochemical events, especially catalysed from hydrolytic enzymes, 
which occur in the curd during ripening. Proteolytic digestion of 
cheese matrix is considered to be a multi-step reaction involving 
the formation of rather large well-defined peptides, and their 
subsequent degradation into smaller peptides and finally in 
amino acids (Fox, 1993; Marilley & Casey, 2004; Smit et al., 2005). 
Lipolysis is produced by lipolytic enzymes, which are hydrolases 
that cleave the ester linkage between a fatty acid and the glycerol 
core of the triacylglyceride, producing free fatty acids (FFA), and 
mono- and diacylglycerides (Collins et al., 2003). Free fatty acids 
and amino acids act mainly as precursors of a series of catabolic 
reactions, not well understood, leading to the production of 
aroma compounds, such as fatty acids, esters, aldehydes, alcohols, 
ketones, hydrocarbons, lactones and sulphur compounds, among 
other, giving to each cheese its typical sensory characteristics 
(Yvon & Rijnen, 2001; Collins et al., 2003). Lipolysis does not 
occur to a large extent in most of cheese types, although it is very 
important in the flavour generation in blue and surface-ripened 
(smear) cheeses, and in hard cheeses such as certain Italian 
varieties (Parmigiano Reggiano, Provolone, Pecorino Romano) 
in which lipases‑and esterases- rich rennet paste, are used in the 
manufacture (Battistotti & Corradini, 1993; Collins et al., 2003). 
In some cases, the incorporation of exogenous lipases during the 

cheese-making process, has been used to replace the rennet paste, 
in order to standardize the production and control of the flavour 
in the final product, otherwise highly variable depending on the 
enzymatic composition of these coagulants (Hernández et al., 
2005). The use of exogenous lipases in the dairy industry has 
been reported for over 40 years (Harboe, 1994), to enhance the 
cheese flavour and to accelerate cheese ripening, a slow and 
relatively expensive process in the dairy industry (El Soda, 2003; 
Upadhyay et al., 2004). Nevertheless, enzyme addition suffers of 
some limitations related to the selection of the most adequate 
enzyme, the correct method and the right amount of enzyme to be 
added in each case, and for the presence of secondary enzymatic 
activities in some commercial preparations. From the economic 
viewpoint, this strategy has the disadvantage that only a small 
portion of the enzyme added to the milk is retained in the curd. 
Micro‑encapsulation of the enzyme before addition to milk helps 
its retention in the curd, reducing the loss of the enzyme in the 
whey (El Soda, 2003; Upadhyay et al., 2004; El‑Hofi et al., 2011). 
Several preparations of lipases commercially available derived 
from moulds (Aspergillus sp., Rhizomucor miehei, Pseudomonas 
fluorescens), from calf and porcine pancreas have been used in 
some cheese varieties such as Provolone, Romano, Feta, etc. 
(Harboe, 1994; Kilara, 2003; Upadhyay et al., 2004), and lipase 
form potato (Spelbrink et al., 2015).
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The aim of this work was to evaluate the effect of the addition 
of an exogenous esterase on the lipolysis and volatile compounds 
profiles of semi-hard cheeses. The esterase EST2 is a thermophilic 
esterase isolated from Alicyclobacillus acidocaldarius, cloned, 
purified and characterized from a biochemical and structural 
point of view (Manco et al., 1998, 2001; De Simone et al., 2000). 
This enzyme have an optimal temperature of 70 °C, remarkable 
temperature stability with a half-life of 3 h at 75 °C, and exhibits 
maximal activity at pH 7.0 with p-Nitrophenyl-esters with acyl 
chains that are six to eight carbon atoms long (Manco et al., 
1998). It’s important to note that between lipases and esterases 
there is same fundamental differences, lipases act on micellar 
esters and structurally they have the catalytic site closed by a lid 
domain which is activated and open by the contact with micellar 
substrate (Khan et al., 2017); instead esterases act on soluble 
esters and structurally lack of the lid, moreover preferentially they 
hydrolyze substrates with a short acyl chain (4-10 carbon atoms) 
(Arpigny & Jaeger, 1999).

In a previously work the ability of EST2 to synthesize esters and 
thioesters in milk and cheese models was studied (Mandrich et al., 
2006). The satisfactory results obtained suggested its potential 
use in the dairy industry to develop characteristic flavour and/or 
to accelerate cheese ripening (Mandrich et al., 2006).

2 Materials and methods
2.1 Mini-curds making

To study the degree of integration of EST2 in cheese matrix, 
mini-curds with approx. 50 mL of milk were made [Institute of 
Protein Biochemistry, CNR, Italy]. Milk acidification was obtained 
by addition of 0.5 M citric acid pH 1.5 (Sigma‑Aldrich, USA), 
and than of 1 mL of diluted rennet powder was added (1 mg/mL, 
in 20 mM sodium phosphate buffer pH 5.5, 860 IMCU/g; rennet 
powder was kindly gift from Caglificio Clerici S.p.a., Italy). 
In these trials were used both whole milk (about 3% of fat) and 
low fat milk (<0.02% of fat). Western blot analysis was exploited 
as method for enzyme semi-quantitation in milk, mini-curds 
and whey. A concentration of 20 ng/mL of EST2 was added to 
milk. Western blot analysis was performed to detect EST2 in 
cheese matrix. Briefly, 2 g of cheese were dissolved in 13 mL of 
0.5 M sodium citrate buffer pH 5.5 and boiled 15 min; the soluble 
fraction was used for western blot analysis (Manco et al., 1998). 
EST2 retained in the samples was quantified by densitometric 
analysis of western blot filters using ChemiDoc equipment 
(Bio Rad, USA). As standard of western blot analysis were used 
increasing quantities of EST2 from 5 to 100 ng. The residual 
esterase activity of EST2 was measured on the whey by standard 
spectrophotometric assay (Manco et al., 1998). Results are mean 
of two independent experiments.

2.2 Cheese making trials

The standard process for production of a semi-hard 
cheese was adapted to laboratory scale and applied to obtain 
semi-hard cheeses. Five vats of 5.5 L of capacity were operated 
simultaneously [Instituto de Lactologìa Industrial (INLAN), 
Santa Fe, Argentina]; one cheese of about 600 g was obtained 
from each vat (Meinardi et al., 2002).

Two trials of cheese making were performed using four 
different concentrations of EST2: 2, 5, 10 and 20 mg/L of milk 
(indicated as experimental cheeses, EI - EIV) and without enzyme 
(control cheeses, C). Raw bulk cow milk (fat 3.6 ± 0.1% w/v, 
protein 3.2 ± 0.05% w/v) was supplied by a nearby dairy plants 
on each cheese making day.

The milk was standardized to 3.4% of fat and pasteurized 
at 65 °C for 20 minutes. After cooling to 35 °C, was added EST2 
enzyme, CaCl2 and the starter at concentration of 106 UFC/mL 
of milk in all vats (Reinheimer et al., 1996). After 15 minutes 
of manual stirring, 1 g of chymosin was added in all vats 
(MAXIREN-150, Gist Brocades, France; 100% chymosin, 
rennet strength 150,000 IMCU/mL). When the curd reached 
the appropriate strength, it was cut to the adequate grain size 
(8-10 mm) and the mixture of the curd particles and whey 
was heated until 45 °C at the rate of 1 °C/min, under stirring. 
Then  the curd was put in moulds, pressed to facilitate whey 
expulsion during 20 h and brined for 7 h in saturated brine 
(20%) at 12 °C. Cheeses were ripened at 12 ± 1 °C and 85 ± 4% 
of relative humidity for 60 days. At two weeks of ripening they 
were wrapped in plastic film to avoid over drying.

2.3 Cheese sampling

Cheese samples were taken for analyses at the end of 
ripening according to the standard methods of International 
Dairy Federation (International Dairy Federation, 1995: 50C). 
Each sample was obtained by cutting two cylindrical portions 
of approximately 10 g each, from the center of the cheese to the 
lateral surface. The outer 10 mm of the cheese cylinders were 
discarded. Due to the gradient of moisture and salt concentration 
along the radius of the cheese, each cylinder was grated and the 
samples were kept at –18 °C until analysis.

2.4 Global composition of cheese and degree of ripening

Cheeses were analyzed in duplicate for moisture (oven drying 
at 102 ± 1 °C, International Dairy Federation, 1982: 4A), protein 
content (macro-Kjeldahl; International Dairy Federation, 1993: 
20B), and fat content (Gerber-Van Gulik method, International 
Organization for Standardization, 1975). The pH was measured 
in according to the method of the American Public Health 
Association (APHA) (Bradley et al., 1993).

To calculate the degree of ripening, the soluble nitrogen 
(SN) at pH 4.6 was determined according to Gripon et al. (1975). 
The nitrogen content was determined by the macro‑Kjeldhal 
method and the values were expressed as percentage of total 
nitrogen.

2.5 Free fatty acids analysis by GC-FID

Extraction of cheese lipids, isolation of free fatty acids 
(FFA), derivatization to ethyl esters, and determination of their 
concentrations by gas-liquid chromatography were carried out 
in duplicate as described by Perotti et al. (2005). Other details 
are reported in Appendix A (i). The results were expressed as 
mg of FFA per kg of cheese. 
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2.6 Volatiles compounds profiles by GC-FID-MS

A manual SPME device equipped with a 1 cm × 50/30 μm 
Stable-Flex DVB/CAR/PDMS (Supelco, USA) was used to 
isolate and concentrate the volatile compounds. Five grams of 
grated cheese was weighed in a 30 mL glass vial and hermetically 
sealed with aluminum seal and butylteflon septa. Other details 
are reported in Appendix A (ii). Both, mass spectrometric 
identifications and chromatographic peaks of FID, were further 
confirmed by comparing retention times with reference standards 
(Sigma-Aldrich, USA) or bibliographical data (Mallia  et  al., 
2005; Ziino et al., 2005; Povolo et al., 2007; Wolf et al., 2011). 
The results were expressed as peak areas in arbitrary units. 
The analysis was conducted in duplicate.

2.7 Sensory evaluation

Sensory analysis of cheeses was performed by a triangle 
test to determine whether a sensory difference existed among 
experimental and control cheeses at the end of ripening. 
This method is used when the effects of treatment may have 
produced changes in the product that cannot be characterized 
simply by one or two attributes.

Cheeses samples were refrigerated for up to 24 h prior to 
analysis. Three coded samples were presented at random to a 
non-trained panel of 24 members. The subjects were asked to 
examine the samples in order from left to right and select the 
different samples. The correct answers were counted and the 
results were interpreted using tables at 95% confidence level.

2.8 Statistical analysis

The SPSS package v. 10.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis of the results. One-way analysis of 
variance (ANOVA) was performed to establish the presence 
or absence of significant differences in the gross composition, 
concentrations of FFA and volatile compounds areas evaluated 
in cheeses. The differences among means were detected by Least 
Significant Difference (LSD) Multiple Range Test.

3 Results and discussion
Recently it has been published a paper by Spelbrink et al. 

(2015), where was purified a lipase from potato (patatin lipase), 
used in cheese making and tested for its activity on the flavour 
formation, this enzyme shown the maximum activity on tri-acyl 
glycerols with acyl chain length from 6 to 8 carbon atoms; before 
this paper Hernández et  al. (2005) have used three different 
commercial lipases, two from animals and the third from 
Aspergillus niger, to test their effect on lipolysis during cheese 
ripening. The authors have measured some parameters about 
the effect on cheese ripening and flavour of the commercial and 
patatin lipases that we have compared with the results obtained 
by adding EST2.

3.1 Behavior of exogenous esterase EST2 in milk and 
mini‑curds

Purified EST2 was added to the milk to make mini-curds 
(see Materials), the amount of cheese paste obtained was about 
5 g, starting from 50 mL of milk. After separation of curd from 

whey the level of enzyme was measured by spectrophotometric 
esterase assay and western blot analysis (Manco et  al., 1998, 
2001). By spectrophotometric assay was calculated that EST2 
retained in whey shown about 90% of its initial activity, whereas 
the patatin lipase shown only about 40% of its initial activity 
(Spelbrink et al., 2015). By western blot analysis an enrichment 
of EST2 was observed in mini-curds made from whole milk 
(50  ng/g) respect to the corresponding whey where is only 
15 ng/g (Table 1), and no difference were observed between 
whey and curd derived from low fat milk (Table 1), indicating 
that EST2 is associated with fats present in milk.

3.2 Analysis of cheeses manufactured at pilot scale

The addition of EST2 did not alter the steps of milk coagulation 
and separation of whey during cheese making. Analysis by western 
blot confirmed that the enzyme distribution between curd and 
whey was the same as that obtained by the lab scale preparation.

3.3 Global composition

In Table 2 are reported the results of the global chemical 
composition for control and experimental cheeses after 60 days 
of ripening; pH, degree of ripening, moisture, fats and proteins 
content were analyzed. Protein content, pH values and degree of 
ripening were similar to those reported for semi-hard cheeses 
(Bergamini at al., 2006). Statistical differences were not found 
between experimental and control cheeses (P < 0.05). Therefore, 
the incorporation of esterase in cheeses did not modify the 
ripening profile.

3.4 Sensory analysis

The results of the triangle test reveled significant differences 
(P < 0.05) among EII, EIII, EIV and C. However, experimental 
cheeses with lower levels of enzyme (EI) had no significant 
differences (P > 0.05) with respect to the control cheese.

Taking into account these results, data for protein, FFA and 
volatile compound profiles will be presented only for experimental 
cheeses different from the controls.

3.5 Lipolysis profiles

In order to quantify and compare lipolysis among control 
and EST2-added cheeses, the concentration of ten FFA was 
calculated after 60 days of ripening and results are shown in 
Figure 1.

Table 1. EST2 concentration in mini-curds making. Approximately 
we considered 1 mL of milk corresponding at 1 g of weight; 20 ng/g is 
the initial concentration of EST2 added in milk; in whey and cheese 
paste EST2 was calculated by western blot analysis. Results are mean 
of two independent experiments.

EST2 concentration (ng/g)
in milk in whey in cheese paste

Whole milk 20 15.0 ± 0.2 50.0 ± 0.3
Low fat milk 20 18.3 ± 0.3 17.3 ± 0.2



Food Sci. Technol, Campinas, 39(3): 711-720, July-Sept. 2019714   714/720

EST2 in cheese making

The extent of lipolysis (taken generally as the total concentrations 
of FFA), varied from 1700 mg/kg in cheeses without esterase 
addition (C) up to 2300 mg/kg in cheeses made with the 
highest amount of EST2 (EIV). These differences observed were 
significant, having P < 0.05, in fact the experimental cheeses 
shown a degree of lipolysis of about 5, 15 and 30% higher than 
the control cheese, for EII, EIII and EIV respectively, indicating 
that there is an increasing effect on lipolysis by the presence of 
EST2, and the effect is dose-dependent (Figure 1). These results 
were in agreement with those obtained by Hernández  et  al. 
(2005) for Idiazabal cheeses supplemented with lipases, and 
with the results obtained in Gouda cheese added with patatin 
lipase (Spelbrink et al., 2015).

The lipolysis profiles shown that the group of long chain fatty 
acids (LCFA, C14:0-C18:2) was the most important group, although 
they are not the main contributors to cheese flavour. Palmitic 
(C16:0) and oleic (C18:1) acids were quantitatively the main acids 
found in all cheeses, and myristic (C14:0) and stearic (C18:0) acids 
were the following FFA, in decreasing order of concentration.

Statistically significant (P < 0.05) differences in the contents of 
C16:0, C18:1, C14:0, C4:0 and C6:0 were found among the experimental 
cheeses, whereas no significant differences were observed for 
the other fatty acids. Cheeses with the highest level of esterase 
(EIV) had the higher values. However, most notable differences 
were found in the relative proportion of the groups of short- and 
medium- chain fatty acids (SCFA, C4:0-C8:0, and MCFA, C10:0-C12:0, 
respectively), expressed as percentage of total FFA. The addition 

of EST2 had a significant (P < 0.05) effect on the accumulation 
of short- and medium- chain fatty acids. Mean values of SCFA 
(%) were 2.6 for C cheeses, and 2.9, 3.4 and 4.3 for EII, EIII and EIV 
cheeses, respectively. For the MCFA (%), mean values were 4.0 
for C cheeses, and 4.6, 4.7 and 5.2% for EII, EIII and EIV cheeses, 
respectively. The results highlight an increase of 31% and 65% 
for SCFA and 17% and 30% for MCFA, in EIII and EIV cheeses, 
respectively. In conclusion EST2 acts on triglycerides during 
cheese ripening producing a preferential release of short and 
intermediate chain fatty acids.

3.6 Volatile compounds

Solid-phase microextraction (SPME) was selected as 
analytical tool for the isolation of volatile compounds; a series 
of works have remarked the suitability of this technique for 
comparing or to discriminate cheese samples with different 
additives or treatments (Pérès et al., 2001; Chiofalo et al., 2004; 
Randazzo et al., 2008). A total of 27 and 31 volatile compounds 
were identified in control and experimental cheeses, respectively. 
The semi-quantitative results (peak areas in arbitrary units) 
obtained for control and experimental cheeses were evaluated 
separately for each trial of cheese making. The main compounds 
showed a similar pattern as the amount of enzyme increased. 
Table 3 summarize the volatile compound profiles belonging 
to one trial of cheese making. Good reproducibility was noted 
during the analysis. Coefficients of variation (duplicated analyses) 
of desorption peak areas ranged from 1 to 25%. Similar values 
were obtained for solid matrices by other authors (Ruiz et al., 
1998; Pinho et al., 2003). Statistical differences (P ≤ 0.05) for 
area values of the majority of volatile compounds between both 
types of cheeses were observed.

In this study were taking into account the fat-derived flavour 
compounds fatty acids, methylketones, esters, linear‑chain aldehydes 
and secondary alcohols (Collins et al., 2003; Alewijn et al., 2003, 
2005), because the aim of this work is to study the influence of 
an esterase on the cheese ripening.

Ketones

Seven ketones, mainly of the methyl ketones group were 
identified in cheese samples (Table  3). Methyl ketones have 
low perception thresholds and they are associated with fruity, 
floral, musty and blue cheese notes (Molimard & Spinnler, 1996; 
Curioni & Bosset, 2002; Frank et al., 2004). The methyl ketones 
are important constituents of aroma profile of several varieties 
of cheeses. In mould-ripened cheeses, some of them such as 
2-heptanone and 2-nonanone have been primarily recognized 

Table 2. Global composition of control (C) and experimental (EI to EIV) cheeses, calculated after 60 days of ripening. Results are mean of two 
independent experiments.

Cheese type Moisture content Fats content Proteins content pH Degree of ripening
C 39.26 ± 0.98 35.18 ± 1.06 24.76 ± 0.42 5.06 ± 0.08 8.50 ± 0.45
EI 38.69 ± 0.84 34.45 ± 0.87 23.93 ± 0.34 5.09 ± 0.06 9.33 ± 0.42
EII 39.05 ± 0.79 33.35 ± 0.92 24.17 ± 0.39 5.05 ± 0.05 8.97 ± 0.32
EIII 39.32 ± 0.73 33.96 ± 0.79 24.57 ± 0.37 5.06 ± 0.09 9.35 ± 0.29
EIV 38.84 ± 0.85 34.10 ± 0.89 25.07 ± 0.43 5.08 ± 0.04 8.14 ± 0.42

Figure 1. Lipolytic profiles of free fatty acid (FFA) analyzed by GC-FID, 
from the Control (C) and Experimental (EII, EIII, EIV) cheeses. Results 
are mean of two independent results.
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as impact compounds, contributing to the characteristic flavour 
(Sablé & Cottenceau, 1999; Moio et al., 2000; Curioni & Bosset, 
2002; Qian et al., 2002). The synthesis of methyl ketones in cheeses, 
especially that of odd number carbon atoms is associated with 
lipolytic activity of moulds (Molimard & Spinnler, 1996; Sablé 
& Cottenceau, 1999; Collins et al., 2003).

With the exception of 2-hexanone and 2-nonanone, statistical 
differences between control and experimental cheeses were 
detected. Particularly, 2-propanone, diacetyl and 2-heptanone 
showed the higher levels (taking into account the peak area values) 
in EIII cheeses, whereas 2-butanone and 3-hydroxy 2-butanone 
(acetoin) had the higher area values in control cheeses.

Alcohols

Among this group, a total of ten alcohols having linear 
chain, branched-chain, secondary and primary alcohols, were 
identified (Table 3).

It is accepted that aliphatic primary alcohols, such as 
1-pentanol and 1-hexanol, contribute with fruity and nutty 
notes to the flavour (Ziino et al., 2005) and their presence in 
cheeses is related with lipolytic activity of microorganisms 
(Barbieri  et  al., 1994). Ethanol has two different origins: it 
can derive from lactose or citrate metabolism or from alanine 
degradation (McSweeney & Sousa, 2000; Castillo et al., 2007). 
On the other hand, secondary alcohols, mainly those with odd 

Table 3. Volatile compounds identified in control and experimental cheeses by GC-FID-MS. Peak areas obtained were normalized and expressed 
in arbitrary units of area. Results are mean of two independent results.

Compounds Identification
Control cheese Experimental cheeses

C EII EIII EIV

Ketones
2-propanone MS, ST, R 254 ± 17 193 ± 13 305 ± 16 208 ± 13
2-butanone MS, ST, R 79 ± 4 59 ± 2 59 ± 2 69 ± 2
2,3-butanodione MS, ST, R 480 ± 43 669 ± 27 1164 ± 214 556 ± 45
2-hexanone MS, ST, R 38 ± 7 40 ± 2 41 ± 3 52 ± 9
2-heptanone MS, ST, R 155 ± 15 197 ± 9 348 ± 16 253 ± 12
3-hydroxy 2-butanone MS, ST, R 1699 ± 95 1088 ± 31 1044 ± 90 1367 ± 60
2-nonanone MS, ST, R 81 ± 5 77 ± 7 85 ± 12 81 ± 3

Alcohols
ethanol MS, ST, R 1736 ± 86 4093 ± 222 4295 ± 467 2985 ± 47
1-propanol MS, ST, R 25 ± 10 64 ± 20 7 ± 3 n.d.
2-methyl 1-propanol MS, ST, R 22 ± 3 74 ± 19 72 ± 7 38 ± 4
1-butanol MS, ST, R 102 ± 15 314 ± 19 281 ± 13 203 ± 18
2-butanol MS, ST, R 64 ± 10 56 ± 7 51 ± 3 55 ± 16
3-methyl 1-butanol MS, ST, R 114 ± 22 518 ± 21 451 ± 28 190 ± 21
1-pentanol MS, ST, R 16 ± 3 17 ± 2 20 ± 2 13 ± 4
2-pentanol MS, ST, R 27 ± 8 83 ± 19 116 ± 13 45 ± 6
1-hexanol MS, ST, R 97 ± 11 409 ± 16 474 ± 27 210 ± 17
2-heptanol MS, ST, R 7 ± 1 11 ± 2 26 ± 6 10 ± 0.2

Esters
ethyl-acetate MS, ST, R 6 ± 1 48 ± 3 62 ± 3 73 ± 2
ethyl-butanoate MS, ST, R 99 ± 27 401 ± 41 633 ± 26 361 ± 8
ethyl-hexanoate MS, ST, R n.d. 102 ± 25 173 ± 11 105 ± 12
ethyl-octanoate MS, ST, R n.d. 20 ± 2 35 ± 3 19 ± 4
isoamil-butanoate MS, R n.d. 6 ± 2 14 ± 4 5 ± 2

Aldehydes
acetaldehyde MS, R 119 ± 11 48 ± 5 75 ± 8 88 ± 9
3-methyl butanal MS, R 14 ± 0.6 13 ± 1 12 ± 2 13 ± 2

Acids
ethanoic acid MS, ST, R 334 ± 28 391 ± 30 373 ± 22 447 ± 34
2-methyl propanoic acid MS, ST, R 22 ± 5 54 ± 6 73 ± 9 37 ± 7
butanoic acid MS, ST, R 550 ± 81 1207 ± 79 1396 ± 58 1363 ± 40
3-methyl butanoic acid MS, ST, R n.d. 21 ± 2 36 ± 6 12 ± 1
hexanoic acid MS, ST, R 143 ± 14 375 ± 43 430 ± 56 516 ± 33
octanoic acid MS, ST, R 67 ± 36 65 ± 19 106 ± 21 95 ± 14
decanoic acid MS, ST, R 30 ± 15 21 ± 4 28 ± 4 21 ± 7

n.d.= not detected; MS = spectra comparison using NIST-62 Library; ST = authentic standard injection (SigmaAldrich); R = comparison with published data (Mallia et al., 2005; 
Ziino et al., 2005; Povolo et al., 2007; Wolf et al., 2011).
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number of carbon atoms, are formed by reduction of methyl 
ketones (Dartey & Kinsella, 1971; Collins et al., 2003), and for 
this reason, their origin is associated to lipolytic process. In the 
case of branched chain-alcohols 2-methyl propanol and 3-methyl 
butanol, the amino acid catabolism is considered the metabolic 
pathway for their formation (Urbach, 1995; Marilley & Casey, 
2004; Smit et al., 2005).

Excluding 2-butanol and 1-pentanol, for others alcohols were 
detected statistical differences between control and experimental 
cheeses; in fact, higher levels of ethanol, 1-butanol, 3-metlyl 
1-butanol and 1-hexanol were observed in EII and EIII cheeses. 
Considering the area values, ethanol resulted the most abundant 
in all cheeses and it has been reported as the majority in some 
type of cheeses, like Italian Pecorino, Spanish La Serena and 
Greek Feta (Larráyoz et al., 2001; Carbonell et al., 2002; Bintsis 
& Robinson, 2004), although probably it does not contribute 
to the aroma, due to its high detection threshold. However, the 
presence of ethanol in sufficient quantities is crucial for the 
formation of ethyl esters (Holland et al., 2005).

Esters

Esters are common components of the volatile fraction of 
cheeses (Table 3). Among the determined esters, most of them 
were ethyl esters and only one was isoamyl ester. Ethyl esters of 
fatty acids of C2 to C10 have been reported as typically present 
in cheeses, among these ethyl-butanoate and ethyl‑hexanoate 
are considered the most important from a qualitative and 
quantitative viewpoint (Fenster et al., 2003; Liu et al., 2004; 
Holland et al., 2005). In control cheeses were detected only 
two esters (ethyl‑acetate and ethyl-butanoate), whereas 
in experimental cheeses were found also ethyl-hexanoate, 
ethyl‑octanoate and isoamil-butanoate. All esters presented 
statistical differences among control and experimental cheeses. 
In particular, ethyl‑butanoate and ethyl‑hexanoate showed 
the highest area values. It is well known that they contribute 
to the overall flavour complexity without a fruity intensity or 
can be responsible of the fruity character or sweet odour in a 
wide variety of cheeses (Liu et al., 2004).

Aldehydes

Two aldehydes were identified in cheese samples (Table 3): 
acetaldehydes and 3-methyl butanal. Slightly decrease of 
acetaldehyde was recorded from control to experimental cheeses, 
whereas for 3-methyl butanal no differences were found among 
cheeses. The origin of these compounds is related with amino 
acid catabolism (McSweeney & Sousa, 2000).

Acids

A total of seven acids were identified in the samples (Table 3), 
ethanoic acid, butanoic acid and hexanoic acid had the highest 
area values. As known, free fatty acids are important, or even 
predominant, components of cheese flavour (Curioni & Bosset, 
2002), here we detect statistical differences among control and 
experimental cheeses for ethanoic acid, 2-methyl propanoic 
acid, butanoic acid, 3-methyl butanoic acid, hexanoic acid 
and octanoic acid. In particular, butanoic and hexanoic acids 

reached the greatest levels in EIII and EIV cheeses. These results 
are in agreement with the higher values of SCFA found in 
lipolysis analysis.

4 Conclusions
The aim of this work was to verify the effect on cheese ripening 

and in consequence the development of flavours by addition of 
an exogenous enzyme during cheese making. In particular was 
chosen the thermophilic esterase EST2 because previously was 
demonstrated that remain active in milk and cheese models 
(Mandrich et al., 2006).

The activity of EST2 was not altered in milk. The enzyme 
distribution between mini-curds and whey in experiences at 
lab-scale showed an enrichment of EST2 in mini-curds made 
with whole milk. This fact was not observed using low fat milk, 
indicating the affinity of EST2 for the fat phase integrated in 
curd during manufacture.

The addition of EST2 did not alter the steps of milk coagulation 
and separation of whey during cheese making. Analysis by western 
blot confirmed that the enzyme distribution between curd and 
whey was the same as that obtained at lab scale preparation.

Moisture, fat and protein contents, pH values and degree 
of ripening were similar among cheeses, showing that EST2 did 
not modify the ripening profile of cheese samples.

The results of lipolysis profiles indicated clearly an increase 
of FFA in experimental cheeses in relation to control cheeses. 
Relative increases of short- (C4:0-C8:0) and medium- (C10:0-C12:0) 
chain fatty acids were observed for EIII and EIV cheeses. This fact 
suggests the preferential catalytic action of EST2 on triglycerides 
occurring during ripening.

The analysis of volatile compounds revealed a total of 
twenty‑seven and thirty-one compounds in control and 
experimental cheeses respectively. They belonged to different 
chemical families such as ketones, alcohols, esters and acids. 
Experimental cheeses showed the higher areas values than 
control cheeses for almost all volatile compounds, mainly in those 
compounds derived from fat. In particular, it was interesting to 
notice that the EIII cheese showed the greatest values in spite it 
had not the highest enzyme level.

The addition of EST2 in cheese-making did not modified 
the global composition of cheeses, but it had a direct effect on 
lipolysis and free fatty acid catabolism due to the increase of 
compounds derived from milk fats (free fatty acids, alcohols, 
methyl ketones and esters). The ability of EST2 to hydrolyze esters, 
thioesters and to synthesize short esters in cheese matrix was 
previously assessed (Mandrich et al., 2006); the analysis made 
on the experimental cheeses (Table 3) confirms these abilities.

Previously, other results have been collected regarding the 
use of exogenous lipases during cheese making, and in all cases 
an increase of lipolysis and volatile compounds were detected 
(Hernández et al., 2005; Spelbrink et al., 2015). Here we observed 
two important differences in addition to the well known structural 
and substrate differences between lipases and esterases, which 
are the time of ripening and the amount of added enzymes; in 
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fact, we tested the experimental cheeses at 8 weeks of ripening, 
respect 13 weeks used for patatin lipase (Spelbrink et al., 2015) 
and from 13 to 26 weeks for commercial lipases (Hernández et 
al, 2005), and being EST2 highly stable we used a lower quantity 
of enzymes respect the lipases above reported (Hernández et al., 
2005; Mandrich et al., 2006; Spelbrink et al., 2015). Therefore, 
the use of EST2 as an ingredient in cheese making could be 
considered as an interesting tool to increase the cheese flavour 
and to reduce the time of ripening.

Obviously, these data are preliminary and an eventual use 
in dairy industry must be preceded by rigorous toxicological 
tests and a market investigation in order to understand if the 
consumers would be well disposed to the eating of cheeses 
elaborated in this way.
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Appendix A. Technical details for the free fatty acids (i) and volatiles compounds profiles (ii) by GC-FID analysis.

i) Free fatty acids analysis by GC-FID

A Perkin Elmer model GC-9000 series gas chromatograph (Perkin Elmer Corp. Waltham, Massachusetts, USA) equipped with 
a flame ionization detector (FID), and with a split/splitless injector was used. FFA were separated on a fused-silica capillary column 
(PE-Wax, 60 m × 0.25 mm) coated with a bonded polyethylene glycol stationary phase (0.25 μm layer thickness). Chromatographic 
conditions were as follows: initial 75 °C (1.5 min), up to 150 °C (3 min) at 8 °C/min, up to a final temperature of 230 °C (15 min) 
at 10 °C/min, nitrogen flow 2 mL/min and the split ratio 1:50. The injector and detector temperatures were 250 °C and 300 °C, 
respectively. Enantic (C7:0) and margaric acids (C17:0) (Sigma Aldrich, USA) were used as internal standards for the quantification of 
C4:0 to C18:2. Calibration curves were prepared by combining increasing concentrations of a mixture of butyric (C4:0), caproic (C6:0), 
caprylic (C8:0), capric (C10:0), lauric (C12:0), myristic (C14:0), palmitic (C16:0), stearic (C18:0), oleic (C18:1) and linoleic (C18:2) fatty acids, 
with fixed concentrations of enantic (C7:0) and margaric (C17:0) acids. The FID out signal was recorded and the chromatograms 
were processed using Turbochrom v. 4 software (Perkin Elmer Corp. Waltham, Massachusetts, USA).

ii) Volatiles compounds profiles by GC-FID-MS

The vials were thermostatized at 40 ± 1 °C for 10 minutes and then the fiber was exposed to the headspace for 15 minutes. 
After exposure, the fiber was thermally desorbed into a GC and left in the injection port (equipped with a 0.75 mm i.d. inlet liner) 
for 5 minutes. The injector was set at 250 °C and operated in the splitless mode. A GC coupled to a flame ionization detector 
(Perkin Elmer Model 9000) was used to obtain information of peak areas (expressed in arbitrary units of area). The volatile 
components were separated on the same column employed in the free fatty acid analyses. The oven temperature program was: 
45 °C (4 min), 8 °C/min to 150 °C (3 min), 10 °C/min to 250 °C (5 min). The carrier gas was nitrogen at flow rate of 2 mL/min. 
A GC coupled to an ion trap mass spectrometer (GC-MS Shimadzu QP-5000) was used to identify the compounds under the same 
chromatographic conditions using the same column of CG-FID analysis. Mass spectra were obtained with 70 eV electron impact 
ionization (EI mode). The mass range used was 42 to 300 m/z (scan rate 250 amu/seg). The identification of volatile compounds 
was obtained by matching mass spectra with the Nist-62 library of standard compounds.


