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ABSTRACT 

This work discusses the extent to which differences  in 
technological  or  environmental  conditions  affect the 
sensory properties of cheeses made in mountain or valley 
farms. The work is focused on Idiazabal cheese, frequently 
made with lamb rennet paste and with milk from sheep 
flocks managed under extensive grazing systems. Fourteen 
sensory attributes were assessed, and free fatty acid 
content and rennet lipase activity were analyzed in cheeses 
from mountain and valley farms. Sensory differences 
between cheeses were mainly dependent on the type and 
amount of rennet used for cheesemaking, particularly on 
the level of rennet lipase activity. The sensory attributes 
did not appear to be influenced by pasture type, grazing 
practices, or en- vironmental conditions associated with 
farm location. Rennet lipase activity was responsible for 
the high scores of strong sensory attributes such as 
pungent mouthfeel, and these attributes masked the 
potential sensory differences that could be found due to 
farm location. 
Key words: sensory properties, rennet lipase, sheep 
cheese, extensive grazing 

Short Communication 

Raw  milk  properties,  together  with  cheesemak-   ing 
and ripening conditions used in  the  dairy  farm,  will be 
decisive for cheese sensory profiles. Recently, animal 
feeding has gained interest regarding cheeses produced 
with milk from grazing animals due to their nutritional and 
sensory properties (Morand-Fehr et al., 2007; Bravo-
Lamas et al., 2018), and this  is  the  case for many 
mountain cheeses in Europe (Santini et al., 2013). 
Regarding raw milk properties, the effects of the feeding 
system, botanical composition of the pasture, 

and grazing management  on  the  sensory  properties  of 
mountain cheeses has been reported (Coppa et al., 2011; 
Esposito et al., 2014; Aprea et al., 2016). In gen- eral, more 
intense fruity, floral, and vegetal flavors, and lower buttery, 
toasty, and creamy flavors, have been reported in cheeses 
derived from mountain grazing than from animals grazing 
in valleys or fed concentrate and forage (Bugaud et al., 
2001; Carpino et al., 2004; Valdivielso et al., 2016). 
However, a recent review of factors influencing the flavor 
of cheeses made with milk from different feeding regimens 
concluded that the influence of the animal diet is unclear 
because many potential factors are involved at farm level 
and during cheesemaking and ripening (Kilcawley et al., 
2018). In this regard, some authors have  reported that 
changes  in cheesemaking technological conditions were 
more determinant of sensory properties than whether 
cheeses were made in mountain or valley farms (Cornu et 
al., 2009; Rusco et al., 2017). 

The objective of this work was to identify specific dif- 
ferences in odor, taste, and mouthfeel attributes of raw 
sheep milk cheeses from mountain and valley extensive- 
grazing farming. The work discusses the extent to  which 
differences in the technological or environmental 
conditions affect the sensory properties of valley and 
mountain cheeses. 

Six artisanal dairy farms belonging to the Idiazabal 
Protected Denomination of Origin (PDO) cheese des- 
ignation participated in this study. Three farms were 
located in the mountains (M1, M2, and M3; altitude 700–
1,200 m) and the other three in the surrounding valleys 
(V1, V2, and V3; altitude 100–400 m) of the Aralar Natural 
Park (Basque Country, Spain). Sheep flocks’ sizes were 
between 150 and 440 lactating ewes, and the flocks were 
managed under extensive grazing from late spring onward. 
Detailed information about localization, climate conditions, 
pasture characteristics, and flock management of the 
commercial sheep flocks has been previously described 
(Bravo-Lamas et al., 2018). Cheeses were manufactured 
according to PDO Idiazabal guidelines (Ministerio de 
Agricultura, Pesca 
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Table 1. Definition and composition of odor references used for Idiazabal cheese sensory panel training and evaluation of samples1 

 

Attribute Definition Low-intensity reference Score High-intensity reference Score 

Nutty Aroma associated with nuts 0.5 g nutty/50 g of curd 3 1.5 g nutty/50 g of curd 9 
 (walnut, hazelnut, almond)     

Hay Aroma associated with hay 0.15 g hay/30 g of curd 3 1 g hay/30 g of curd 9 
Grass Aroma associated with fresh-cut 0.2 g fresh grass/30 g of 3 1 g fresh grass/30 g of curd 9 
 grass curd    

Aromatic herbs Aroma associated with aromatic 0.1 g thyme/30 g of curd 3 0.8 g thyme/30 g of curd 9 
 plants     

Natural rennet Combination of aromas associated 0.8 g lamb rennet/30 g of 3 4 g lamb rennet/30 g of curd 7 
 with natural lamb rennet curd    

1Other odor, taste, and mouthfeel references as previously described in Valdivielso et al. (2016). 
 

 

y Alimentación, 1993), using automatic vats and con- 
trolled ripening chambers in valley farms and nonau- 
tomatic vats and ripening chambers without control of 
temperature and relative humidity in mountain farms. All 
shepherds except one used artisanal lamb rennet pastes 
for cheesemaking. These pastes were produced by the 
shepherds by mixing minced lamb stomachs with salt 
according to the procedure previously described by 
Bustamante et al. (2000). Cheeses were semi-hard and 
cylindrically shaped and weighed approximately 1.5 kg 
after 4 mo of ripening. At this time, cheeses from vats 
produced on 2 different days of the third week of June 
were collected in each farm. Three whole cheeses per vat 
were randomly sampled. Two cheeses were used for 
physicochemical analysis (n = 24), and the other was used 
for sensory analysis (n = 12). In addition, samples (~20 g) 
of artisanal lamb rennet pastes and commercial liquid 
lamb rennet were collected from the farms. 

A trained panel of 10 assessors (6 women and 4 men, 
aged from 25 to 50 years) evaluated the cheese samples. 
Five panelists belonged to the PDO Idiazabal official 
sensory panel, and all assessors had participated in a 
previous study on valley and  mountain  cheeses  with 13 
training sessions (Valdivielso et al., 2016). For the current 
study, the assessors received 7 training sessions of 
between 60 and 90 min each. In the first training session, 
the sensory references were discussed. In the next 4 
sessions, the references were presented, together with 
cheese samples, and new attributes and scaled reference 
scores were established. The last 2 training sessions were 
used to assess cheese samples without references, with 
subsequent results harmonization within the panel. Eight 
odor and 6 taste and mouthfeel sensory attributes were 
assessed using a 10-cm un- structured scale. Definition and 
composition of odor, taste, and mouthfeel for low- and 
high-intensity refer- ences used for cheese sample 
evaluation were previously described (Valdivielso et al., 
2016), except for  nutty,  hay, grass, aromatic herbs, and 
natural  rennet  odor.  For these attributes, new definition 
and sensory refer- ences were developed for training and 
evaluation of the 

cheese samples (Table  1). Cheeses were kept (3–4°C)  in 
the laboratory until sensory analysis. Cheeses were 
tempered at 17 ± 2°C, and rind-free coded samples, each 
with a 3-digit number, were randomly presented in 
parallelograms of approximately 1.5 cm high, 1.5 cm wide, 
and 7 cm long. Low-mineralization water and Granny 
Smith apple were used to remove any aftertaste between 
samples. Sensory assessments were conducted in 
individual booths of 20 ± 2°C at the sensory labora- tory, 
which complied with international standards of test rooms 
(ISO, 2007). In each session, the assessors analyzed all the 
cheese samples once, and before the sample evaluations, a 
harmonization session was con- ducted. Two sessions 
within the same week (6 samples per session) were used 
to evaluate the cheese samples in duplicate. 

Free fatty acid (FFA) contents of the cheese samples 
were analyzed in duplicate by gas chromatography, as 
described previously by Chávarri et al. (1997), using a 
free fatty acid phase (Agilent Technologies Inc., Madrid, 
Spain) capillary column (25 m long, 0.32 mm internal 
diameter, 0.50 μm film thickness) installed in a 7890 
Series II gas chromatograph (Agilent Technologies) 
equipped with a flame ionization detector. Concentra- 
tions of FFA were expressed as micromoles per 100 g of 
cheese. Additionally, the lipase activity was deter- 
mined in triplicate in artisanal lamb rennet pastes and 
commercial liquid lamb rennet, as previously described 
(Hernández et al., 2005). Lipase activity was expressed in 
international lipase units (ILU) per gram of rennet. 
Statistical analysis of data was performed using IBM 
SPSS version 25.0 (IBM, Armonk, NY). The general 
linear model (GLM) of ANOVA was applied to inves- 
tigate the effect of farm location (valley, mountain) on 
the FFA content and sensory scores of cheese samples 
using the following model: Yij = µ + Li + Fj(Li) + εij,, 
where Yij = dependent variables; µ = intercept; Li = 
farm location fixed effect; Fj = flock fixed effect; and εij 

= random residual effects. For the analysis of sensory 
scores, the panelist and session terms, together with the 
interaction term, were included in the model as random 



 

 

and fixed effects, respectively. Subsequently, an analo- 
gous GLM was applied to investigate the effect of level  of 
rennet lipase activity (low, high) on the FFA  content  of 
cheese samples. In addition, principal component (PC) 
analysis was performed to study the relationships between 
FFA content and sensory characteristics of the cheeses. 
Statistical significance was declared at P ≤  0.05. 

The results corresponding to scores for sensory at- 
tributes measured in valley and mountain cheeses are 
shown in Figure 1. Most odor, taste, and mouthfeel at- 
tributes were significantly (P ≤ 0.05) different between 
mountain and valley cheeses, with higher scores for overall 
intensity, rennet, and hay odor, acid and bitter taste, and 
pungent and persistence mouthfeel in moun- tain than in 
valley cheeses, and the opposite for toasty odor and sweet 
taste. Despite the significant differences observed for hay 
odor, this attribute showed very low scores (<2) in both 
valley and mountain cheeses, as did other nonsignificant 
attributes such as grass, nutty, and aromatic herbs odors 
(Figure 1). Overall, these results indicated that the flavor of 
mountain cheeses was stron- ger than that of valley 
cheeses, most likely due to rennet 

and pungent attributes, whereas valley cheeses showed 
milder flavor characterized by sweet and toasty notes. 
However, the effect of individual flock was statistically 
significant (P ≤ 0.05) for most cheese sensory proper- ties 
(data not shown) and was particularly relevant for 
mountain farms, as shown in Figure 2A. Figure 2 de- picts 
sensory variable loadings and farm distribution in the first 
2 PC dimensions and, whereas the valley farms (V1, V2, 
and V3) are grouped on the left side of PC1,   M2 and M3 
mountain farms are grouped on the right side of PC1, and 
M1 is located next to the valley farms. Even when valley 
farms were compared with farm M1, no significant 
differences (P > 0.05) were found in the cheese sensory 
attributes, with the exception only of persistence 
mouthfeel, which showed a slightly higher score (~0.5) in 
the M1 mountain farm. In this regard, the changes in 
environmental, flock management, and grazing conditions 
due to farm altitude seemed to be insufficient to explain 
differences in the sensory proper- ties of valley and 
mountain cheeses. Thus, particular changes in the 
cheesemaking conditions could be deci- sive to generate 
the strong flavors of the M2 and M3 cheeses compared 
with those of M1 and valley cheeses. 

 
 
 

 

 
 

 

Figure 1. Spider plot depicting scores (mean values) for odor, taste, and mouthfeel attributes 
of Idiazabal cheeses made in valley (solid line) and mountain (dashed line) farms after 120 
d of ripening. MF = mouthfeel; O = odor; T = taste. *P ≤ 0.05; ***P ≤ 0.001. 



 

 

 

 
 

Figure 2. Biplot depicting variable loadings and sample distribution in the first 2 
dimensions derived from principal component (PC) analy- sis including sensory 
attributes (A) and, separately, short-chain free fatty acid content and sensory 
attributes (B) of the 120-d ripened Idiazabal cheeses from valley (V) and 
mountain (M) farms. Farm codes (V or M) correspond with those in Table 2. ■ 
= Cheeses with low level [<35 international lipase units (ILU)/50 L of milk] of 
rennet lipase activity; ▲ = cheeses with high level (>170 ILU/50 L of milk) of 
rennet lipase activity; C4 = butyric acid; C6 = caproic acid; C8 = caprylic acid; 
C10 = capric acid; MF = mouthfeel; O = odor; T = taste. 



 

 

Table 2. Lipase activity of rennets used for cheesemaking in valley (V) and mountain (M) farms, and total content of free fatty acids (FFA) in   
Idiazabal cheeses ripened for 120 d 

 
Farm type Lamb rennet type 

Rennet lipase 
activity1 (ILU/g) 

Lipase activity added 
to milk vat (ILU/50 L) 

Total FFA content1 
(μmol/100 g) 

 

Valley  

V1 Artisanal paste 4.46 ± 0.37 15.0 285 × 101 ± 191 
V2 Artisanal paste 1.48 ± 0.07 18.0 307 × 101 ± 204 
V3 Commercial liquid 2.17 ± 0.04 32.5 476 × 101 ± 236 

Mountain 
M1 Artisanal paste 2.66 ± 0.11 30.0 355 × 101 ± 553 
M2 Artisanal paste 14.51 ± 0.46 174.5 639 × 101 ± 110 × 101 

M3 Artisanal paste 18.45 ± 2.31 222.0 135 × 102 ± 204 × 101 

1Mean ± SD; ILU = international lipase units. 

 

In addition to differences in the facilities and ripening 
chambers between valley and mountain farms, rennet type 
and the amount of rennet added per liter of milk could be 
strongly related to these results. Previous studies have 
demonstrated that use of lamb rennet pastes is related to 
the development of rennet odor and pungent mouthfeel 
during cheese ripening, which is of particular relevance for 
the typical flavor of Idiazabal PDO cheese (Hernández et 
al., 2005, 2009). 

Table 2 shows the lipase activity of rennets and lev- els 
used for cheesemaking in the valley and mountain farms. 
Regardless of the rennet type (artisanal or com- mercial), 
valley farms and farm M1 used lower levels of rennet lipase 
activity (less than 35 ILU/50 L of milk) 

compared with the levels  (higher  than  170  ILU/50  L of 
milk) used by cheesemakers  in  farms  M2  and  M3. In 
addition, the total FFA content of cheese was be- tween 1.3 
and 4.7 times higher in M2 and M3 farms, respectively, 
compared with the farms using low levels of rennet lipase 
activity (Table 2). Regarding  cheese  FFA profiles, Table 3 
shows the individual FFA con-  tents of the cheese samples, 
taking into account the rennet lipase activity added to milk 
vat by cheesemak- ers. As observed, except for acetic and 
propanoic acids, the contents of most individual FFA were 
higher (P ≤ 0.05) in cheeses made with high than with low 
levels    of rennet lipase activity. In particular, the content 
of those short-chain FFA released mainly by rennet lipase 

 
 

Table 3. Free fatty acid (FFA) content (μmol/100 g) in 120-d ripened Idiazabal cheeses made with low (<35 
ILU/50 L of milk) and high (>170 ILU/50 L of milk) levels of rennet lipase activity1 

 

Fatty acid Low level High level P-value 

Acetic acid 108 × 101 ± 371 989  ± 278 NS 
Propanoic acid 86.2 ± 19.0 78.7 ± 20.9 NS 
Butyric acid 845 ± 154 386 × 101 ± 155 × 101 *** 
Isovaleric acid 6.10 ± 4.60 9.44 ± 2.73 *** 
Caproic acid 267 ± 70 118 × 101 ± 659 *** 
Enanthic acid 3.13 ± 1.36 7.26 ± 4.76 *** 
Caprylic acid 97.0 ± 27.5 439  ± 274 *** 
Capric acid 218 ± 70 103 × 101 ± 688 *** 
Undecanoic acid 2.00 ± 0.94 8.96 ± 6.57 *** 
Lauric acid 101 ± 33 423  ± 268 *** 
Tridecanoic acid 2.99 ± 1.15 7.51 ± 4.12 *** 
Myristic acid 133 ± 40 453  ± 268 *** 
Pentadecanoic acid 13.7 ± 4.3 42.0 ± 20.5 *** 
Palmitic acid 252 ± 83 712  ± 333 *** 
Palmitoleic acid 11.9 ± 3.7 25.8 ± 11.0 *** 
Stearic acid 57.8 ± 22.4 117  ± 33 *** 
Oleic acid 244 ± 91 484  ± 139 *** 
α-Linoleic acid 18.7 ± 7.4 39.3 ± 12.6 *** 
α-Linolenic acid 13.2 ± 6.2 58.0 ± 29.2 *** 
Short-chain FFA 260 × 101 ± 615 759 × 101 ± 298 × 101 *** 
Medium-chain FFA 252 ± 76 935  ± 540 *** 
Long-chain FFA 598 ± 208 144 × 101 ± 555 *** 
Saturated FFA 316 × 101 ± 725 935 × 101 ± 387 × 101 *** 
Unsaturated FFA 288 ± 108 607  ± 190 *** 

Total FFA 345 × 101 ± 759 996 × 101 ± 405 × 101 *** 

1Values presented as means ± SD; NS = not significant (P > 0.05); ILU = international lipase units. 

***P ≤ 0.001. 



 

 

action (FFA from 4  to  10  carbon  atoms;  Bustamante  et 
al., 2000) were strongly higher in cheeses made with high 
lipase activity. For both low and high levels, the percentage 
of total short-chain FFA was around 75%, whereas the 
percentage of short-chain FFA from 4 to 10 carbon atoms 
was 33% and 66% for cheeses made with low and high 
rennet lipase activity, respectively. These results confirmed 
that the pregastric esterase contained in the rennet 
released preferentially short-chain fatty acids esterified at 
the sn-3 position of the triacylglyc- erol molecules (Collins 
et al., 2003). Furthermore, as previously mentioned, acetic 
and propanoic acid con- tent did not differ between 
cheeses made with low and high levels of rennet lipase 
activity. These volatile FFA mainly originate through other 
biochemical pathways, from lactate and citrate by lactic 
acid bacteria, by pro- pionibacteria or molds, or by 
catabolism of amino acids (McSweeney and Sousa, 2000). 

Finally, a new PC analysis was conducted, including the 
sensory attributes and the main short-chain FFA released 
by  rennet lipase activity during the ripening   of cheeses 
(Figure 2B). As expected, strong sensory attributes, such as 
overall intensity and rennet odor,  and pungent and 
persistence mouthfeel, were highly positively correlated 
with butyric, caproic,  caprylic,  and capric acids. On the 
other hand, these short-chain FFA were negatively 
correlated with milder sensory attributes such as milky, 
toasty, and nutty odors and sweet taste. As previously 
observed for Figure 2A, the cheeses were not grouped by 
the farm type (valley or mountain) but according to the 
level of rennet lipase activity used for cheesemaking. 

In conclusion, the sensory characteristics of Idiazabal 
PDO cheeses made in both valley and mountain farms were 
mainly dependent on the type and amount of rennet used 
for cheesemaking, particularly on the level of rennet lipase 
activity added to the milk vat. This rennet lipase activity 
definitively determined the high scores for overall 
intensity and rennet odor, and for pungent and persistence 
mouthfeel in the cheeses. In general, odor, taste, and 
mouthfeel attributes of Idiaza- bal cheeses did not appear 
to be influenced by pasture type, grazing practices, and 
environmental conditions associated with farm location 
(valley or mountain), but cheese sensory profile was 
strongly marked by rennet lipase addition. These results 
indicated that potential sensory differences between valley 
and mountain chees- es that could be found  due  to  farm  
altitude,  grazing, or environmental conditions were subtle 
enough to be masked by  the use of lipolytic rennets. In this 
regard,    it could be advisable to control  the  lipase  
activity  of the artisanal rennet pastes often used by 
cheesemakers, to prescribe adequate rennet levels that 
would permit regulatory boards, producers, and 
consumers to identify and characterize the typical 
sensory properties of Idiazabal cheeses produced in 
mountains or in valleys. 
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