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ABSTRACT

In addition to their high sodium content, cheeses are 
thought to induce an acid load to the body, which is as-
sociated with deleterious effects on consumers’ health. 
Our objective was to explore the use of alkalinizing salts 
in partial substitution of NaCl to reduce both the so-
dium content and the acid-forming potential of cheese, 
without altering its sensory properties. Blue-veined 
cheeses were produced under industrial conditions, us-
ing brine salting followed by dry salting with a 4:1 (wt/
wt) mixture of calcium lactate: NaCl or calcium citrate: 
NaCl. Sodium chloride was used in 2 granulometries: 
coarse (control treatment) and fine, to obtain homo-
geneous mixtures with the organic salts. Cheeses were 
then ripened for 56 d. No major appearance defects were 
observed during ripening. Calcium lactate substitution 
decreased the Na content of the cheese core by 33%, and 
calcium citrate substitution increased the citrate con-
tent of the cheese core by 410%, respectively, compared 
with fine NaCl. This study highlighted the substantial 
role of salt granulometry in sodium content, with the 
use of the coarse salt reducing the sodium content by 
21% compared with fine salt. Sensory profiles showed 
nonsignificant differences in bitter and salty percep-
tions of salt-substituted cheeses with calcium lactate 
and calcium citrate compared with control cheeses. The 
use of calcium lactate should be considered to reduce 
the sodium content and improve the nutritional qual-
ity of cheeses while maintaining the sensory quality of 
the products. Alkalinizing organic salts could replace 
the acidifying salts KCl or CaCl2, which are currently 
used in salt replacement and are not recommended for 
consumers with renal disease. The method described 
here should be considered by cheese-making producers 

to improve the nutritional quality of cheese. Additional 
nutritional optimization strategies are suggested.
Key words: salt substitution, calcium lactate, calcium 
citrate, cheese, acid-forming potential

INTRODUCTION

Cheese is consumed in large quantities worldwide, 
both directly as table cheese and, increasingly, as an 
ingredient in recipes (Cruz et al., 2011; Bord et al., 
2015). Besides its interesting nutritional properties 
(particularly as a strong contributor to calcium and 
protein supplies), cheese is one of the main food vectors 
of sodium and salt. In fact, 40 g of cheese contain-
ing 2% salt accounts for 16% of recommended daily 
sodium and salt intakes (WHO, 2013). Scientific data 
suggest that the effect of excess sodium on development 
of hypertension constitutes an important public health 
issue because hypertension is a recognized risk factor 
of cardiovascular diseases (He et al., 2011; Blaustein et 
al., 2012). In addition, a disregarded nutritional feature 
of cheese is its high acid-forming potential, as shown 
by its high mean potential renal acid load (PRAL) 
index (Gore et al., 2016a). The PRAL index takes into 
account the content of protein (the amount of sulfate 
produced from protein metabolism) and mineral com-
position (intestinal absorption, valence, or ionic charges 
of minerals; Remer and Manz, 1995), according to the 
following equation: PRAL (mEq/100 g of edible por-
tion) = 0.49 × protein (g/100 g) + 0.037 × P (mg/100 
g) + 0.027 × Cl (mg/100 g) − 0.041 × Na (mg/100 g) 
− 0.021 × K (mg/100 g) − 0.026 × Mg (mg/100 g) − 
0.013 × Ca (mg/100 g). Indeed, the consumption and 
metabolism of cheese leads to the production of fixed 
acids that induce an acid load to the body (Remer and 
Manz, 1995). In the long term, this state might induce 
deleterious effects on renal functions (Frassetto et al., 
2007, 2008) as well as on bone and muscle tissues (Fras-
setto et al., 2008; Mardon et al., 2008; Pedone et al., 
2010). As previously described, Na and Cl contents are 
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important contributors to cheeses acid-forming poten-
tial (Gore et al., 2016a). Moreover, a high NaCl intake 
is recognized as an exacerbating factor of metabolic 
acidosis (Frassetto et al., 2007, 2008).

In the current situation, public health organizations 
recommend a gradual decrease of salt (sodium) intake 
of the population in the next years (WHO, 2013). One 
approach toward this goal is to reduce the salt content 
of foodstuffs that widely contribute to salt intake, in-
cluding cheeses. For cheese, the main issue is how to 
decrease the NaCl content of cheese without altering its 
technological and sensory properties.

An alternative approach could be the partial replace-
ment of NaCl by another compound that enhances salty 
perception. Salt substitution is an interesting practice 
widely reported to contribute to the decrease of salt 
intake by consumers (Cruz et al., 2011; Grummer et 
al., 2013; Lu and McMahon, 2015). Much research 
on NaCl substitution has explored the use of CaCl2, 
KCl, or MgCl2 during the salting process. Descriptive 
sensory analyses demonstrated that treatments of both 
NaCl + CaCl2 (with 45% Na reduction) and NaCl + 
MgCl2 (with 53% Na reduction) produced considerable 
off-flavors (bitter, metallic, and soapy) in Cheddar-type 
cheese (Grummer et al., 2012). The use of KCl as a salt 
substitute showed nonsignificant bitterness ratings at 
54% and 60% Na reduction in Cheddar cheeses (Grum-
mer et al., 2012, 2013). The use of 3:1 and 1:1 NaCl: KCl 
mixtures in Kefalograviera hard cheeses had no adverse 
effect on the quality of cheeses (Katsiari and Voutsinas, 
1998). Conversely, after testing a NaCl substitution 
with KCl at 25, 50 and 75% in Minas cheeses, only 
the 25% level of substitution was judged acceptable to 
consumers because of the bitter-metallic aftertaste the 
KCl salt provides (Gomes et al., 2011).

Decreasing NaCl content in cheese would also con-
tribute to reduce its acid-forming potential because the 
salting process has been identified as one of the main 
key steps responsible for this characteristic (Gore et al., 
2016b). Nevertheless, CaCl2, KCl, and MgCl2 salts are 
all acid-forming compounds (Remer, 2001). Further-
more, because of hyperkalemia risks, KCl-substituted 
products should be consumed with caution by consum-
ers with renal disease (Berthet, 2009); for instance, 
the number of people affected by renal diseases (10%; 
Couchoud et al., 2015) would increase 2% per year. 
Thus, the use of alternative compounds, targeting the 
decrease in both NaCl content and the acid-forming 
potential of cheese would be of great interest from a 
nutritional point of view.

In the present study, we investigated the use of cal-
cium organic salts (calcium lactate and calcium citrate) 
as partial substitutes for salt in a blue-veined cheese, 

which was identified in a previous study as having 
the highest salt content and PRAL value among all 
cheeses studied (Gore et al., 2016a), and comparable to 
Parmesan, which has been identified as the most acidi-
fying cheese (Remer and Manz, 1995). The ingestion 
and metabolism of organic salts leads to the produc-
tion of bicarbonate, a strong alkalinizing component 
in the body (Oh, 2000; Poupin et al., 2012). The use 
of calcium salts rubbed onto the outside of the cheese 
could also help to counterbalance the loss of alkaline 
minerals (Ca, Na, K) from milk in the whey, during 
the cheese-making process, as draining was identified 
as one of the main steps responsible for the generation 
of the acid-forming potential of cheeses (Gore et al., 
2016b). To date, calcium lactate and calcium citrate 
salts have been used for Ca enrichment (Cáceres et al., 
2006; Selgas et al., 2009) and partial salt replacement 
in meat products (Riera et al., 1996). Organic salts 
such as potassium lactate are reported to effectively 
inhibit pathogenic flora and to enhance the salty per-
ception in meat products at a substitution level of 30% 
(Astruc et al., 2008; Choi et al., 2014). Calcium lactate 
and calcium citrate salts have been used to enrich cal-
cium levels in milk (39%) and yogurt (36%) (Singh et 
al., 2007; Singh and Muthukumarappan, 2008; Lacroix 
et al., 2013). In cheese, a previous study showed that 
calcium lactate did not sufficiently reproduce the salty 
taste in cream cheese and was insufficient for curing 
cheese at 12.8% (Da Silva et al., 2013). It is noteworthy 
that salt substitution has not been previously investi-
gated in blue cheese.

The objective of this work was to investigate the rel-
evance of using calcium citrate and calcium lactate in 
partial substitute of salt to reduce both the Na content 
and the acid-forming potential of cheese. Nutritional 
and sensory implications of such substitutions were 
investigated in a soft blue-veined cheese manufactured 
on an industrial scale.

MATERIALS AND METHODS

Cheese Manufacture

Raw cow milk (30 t) was pasteurized (72°C, 15 s) 
and standardized for fat content. A fermented cocktail 
(starter culture and Penicillium roqueforti, 0.6 L/100 
L) was added as well as a rennet extract. The obtained 
coagulum was cut into cubes (1 × 2 × 2 cm) and a 
stirring process was applied to form grains of curd. The 
syneresis was carried out in molds to obtain drained 
curds (DC). The curds were brine salted (BSC) in a 
saturated NaCl solution at room temperature for 12 
h, and then manually salted once by rubbing 1 of the 
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4 different treatments of dry salt on the surface of the 
cheese and pricking the cheeses to allow the growth of 
Penicillium roqueforti. Ripening was carried out over 
56 d.

Substitution Salting Treatments

The different substitution treatments were applied 
to BSC (as described above). Six cheese curds (2.2 kg 
each) per salt treatment were chosen randomly from 
a single batch of the industrial cheese-making process 
and submitted to 1 of the 4 salting treatments (Table 
1). One salt treatment consisted of the standard indus-
trial dry salting process, using dry coarse salt (0.9–3.15 
mm; control). To obtain homogeneous granulometry 
salt mixes with the Ca salts, which were commercially 
available in powdered form, fine-grain NaCl salt (0–0.22 
mm granulometry) was used in the salt mixes and in a 
treatment designated “fine-NaCl.” A 75% substitution 
of dry fine NaCl was obtained with anhydrous calcium 
lactate (CaLa) and calcium citrate (CaCi; Sigma 
Aldrich, Schnelldorf, Germany). The rate of substitu-
tion was determined in a preliminary study in which 4 
different dry-salt substitution rates (from 25 to 100%) 
were tested.

Sampling

The sampling plan is presented in Figure 1. At d 
0, 1 L of raw milk was sampled, packed in plastic vi-
als, and rapidly frozen in a cooling cell (Tecnox/Rexel, 
Paris, France) to −20°C. On d 3, 3 blocks of DC (2.2 
kg each) per treatment were sampled and each block 
was cut into 6 portions in vertical cross-section; plastic 
bags containing 1 portion of 350 g from each of the 
3 replicate blocks per treatment were vacuum-packed 
and frozen as described above. The same procedure 
was followed for BSC at d 4. Because the cheese does 
not have a rind at this stage, the whole portions of 

curd were ground to obtain a homogeneous mass before 
compositional analyses. Once ripening was complete (d 
56), 3 blocks of cheese (2.2 kg each) per salt treatment 
were sampled, as for DC, except that the rind (2–3 
mm) and core were separated. Although the rind of the 
cheese is consumable, most consumers prefer to remove 
it. Because this study concerned the application of dif-
ferent salting treatments on the surface of cheese, we 
considered it necessary to analyze the rind. To evalu-
ate mineral migration and pH differences between the 
cheese core and rind, 1 block of cheese per salting treat-
ment was sampled at d 7, 11, and 19 of ripening. The 
removed core and rind (2–3 mm) were homogeneously 
ground and analyzed separately.

Cheese Composition

Samples were analyzed in triplicate according to 
International Organization for Standardization stan-
dards (AFNOR, 2013). The pH, DM, fat, ash, total 
N, protein, chloride, minerals (Ca, K, Na, Mg, P), and 
citrate and lactate contents were analyzed as described 
previously (Gore et al., 2016a,b).

Sensory Analyses

A panel of 10 assessors, from the external panel of 
VetAgro Sup’s Engineering School (Lempdes, France), 
was selected and trained according to the guidelines in 
ISO 8586-1 (ISO, 2012). To describe cheeses, a sensory 
profile method was applied according to the recommen-
dations of ISO 13299 (ISO, 2003). Before the evalua-
tion sessions, training sessions were conducted, during 
which participants generated numerous attributes to 
describe blue cheeses. After statistical analysis, 29 at-
tributes were finally selected: 11 attributes describing 
the rind and 18 the core (Table 2). Each attribute was 
associated with a definition, illustrated by food refer-
ences and methods of assessment. Sensory evaluation 

Table 1. Composition of salt mixes used for dry salting of blue-veined cheese (per 100 g of dry weight)

Treatment1

Proportion Ca 
salts/NaCl, 

% dry weight
Granulometry, 

mm

Amount,2 g/100 g of dry weight

Na Cl Ca
Calcium  
lactate

Calcium  
citrate

Control 0/100 0.9–3.15 39.3 60.7 — — —
Fine-NaCl 0/100 0–0.22 39.3 60.7 — — —
CaLa 75/25 0–0.22 9.8 15.2 13.7 61.3 —
CaCi 75/25 0–0.22 9.8 15.2 18 — 57
1Control = cheese salted with coarse NaCl salt (100%); fine-NaCl = cheese salted with fine-grain NaCl salt (100%); CaLa = cheese salted with 
a mix of calcium lactate (75%) and fine-grain NaCl salt (25%); CaCi = cheese salted with a mix of calcium citrate (75%) and fine-grain NaCl 
salt (25%).
2Based on data provided by the manufacturers of the salts.
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was conducted in sensory computerized booths accord-
ing to ISO 8589 (ISO, 2007).

Sensory analyses were carried out only on end prod-
ucts after 56 d of ripening. Quantitative descriptive 
analyses were performed on the cheese core and rind to 
evaluate appearance, texture, taste, odor, and aroma 
perceptions. For greater representativeness of the ap-
pearance of the cheeses (color, heterogeneity, mois-
ture, blue vein quantity and distribution), one piece 
(700 g) of each whole cheese, presented in a vertical 
cross-section, was available to assessors at the time of 
the test. To evaluate odor, aroma, taste, and texture, 
individual cheese slice samples (30 g) and the removed 
rinds (2–3 mm) were presented on plastic plates coded 
with 3-digit random numbers. Samples were tempered 
and served at 20 ± 1°C, presented monadically, and 
distributed according to a Latin square design. Scoring 
was done using a 10-cm linear scale, anchored from 0 

(very weak) to 10 (very intense), to record the intensity 
of the sensory attributes. Between each sample, asses-
sors were asked to rinse their mouths successively with 
mineral water and unsalted crackers. Each cheese was 
evaluated in triplicate by each assessor. Scores were 
directly recorded on a computer system using Tastel 
software (version 2013, ABT Informatique, Rouvroy-
sur-Marne, France).

Statistical Analyses

Statistical analyses of biochemical data were per-
formed using the XLSTAT software package (Addinsoft, 
Paris, France); results are reported as means ± stan-
dard deviations. One-way ANOVA and post-hoc mul-
tiple comparison (Tukey’s test) were used to compare 
the studied elements. Differences between mean values 
were considered significant at P < 0.05. Regarding the 

Figure 1. Sampling plan. DC = drained curd; BSC = brine-salted curd; Control = cheese salted with coarse NaCl salt (100%); fine-NaCl = 
cheese salted with fine-grain NaCl salt (100%); CaLa = cheese salted with a mix of calcium lactate (75%) and fine-grain NaCl salt (25%); CaCi 
= cheese salted with a mix of calcium citrate (75%) and fine-grain NaCl salt (25%).
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sensory data analyses, a 2-way mixed-model ANOVA 
(product and assessor) with interaction was performed, 
with products being the fixed effect and assessors the 
random effect, at a 95% confidence level. Tukey’s test 
was used for multiple comparison tests on the product 
means, for each attribute, when means were considered 
different (P < 0.05).

RESULTS AND DISCUSSION

Cheeses are one of the main food vectors of sodium 
intake, ranking after condiments, sauces, and some 
meats (Chekri et al., 2012; Boisard et al., 2013), and 

cheese is the food group having the highest PRAL 
values (Remer and Manz, 1995), thus contributing to 
deleterious effects on consumer health (Frassetto et al., 
2007; He et al., 2011; Blaustein et al., 2012). This work 
is the first to investigate the relevance of using calcium 
citrate and calcium lactate as partial substitutes of salt 
to reduce both Na content and the acid-forming poten-
tial of a soft blue-veined cheese.

Effect of Brining and Salt Granulometry

First, the drained curds of cheese were immerged in 
brine for the first step of salting. The composition anal-

Table 2. Sensory attributes and definition for the sensory profile of cheeses (R = rind; C = core)

Sensory property  Attribute  Definition and references

Rind appearance and 
 texture

Color-R Sensory attribute describing the prevailing color of the rind
Heterogeneity-R Sensory attribute describing the presence of various and discriminatory colors 

in rind
Sticky-R Mechanical textural attribute related to the rind that adheres on finger with 

a humidity feeling

Odor Rough-R Mechanical textural attribute related to the feeling of roughness with fingers

Aroma Global-Odor-R Global odor intensity of rind
Ammonia-Aroma-R Aromatics associated with cheese like Brie or Camembert

Taste Moldy-Aroma-R Aromatics associated with mold growth
Salty-R Basic taste illustrated by sodium chloride (NaCl 1–3 g/L in mineral water)
Sandy-R Sensory attribute describing the extent to which the rind structure breaks up 

in mouth

Cheese core appearance, 
 texture

Color-C Sensory attribute describing the prevailing color of the cheese core
Moisture-C The amount of water released at the surface of the cheese
Blue-veined-quantity-C Sensory attribute describing the presence of blue mold on whole cheese in 

section
Blue-veined-distribution-C Sensory attribute describing the homogeneous distribution of blue mold on 

the cheese in section
Firmness-on-touch-C Mechanical textural attribute related to the force required to achieve a given 

deformation with fingers

Odor Overall-Odor-C Overall odor intensity of cheese
Ammonia-C Odor associated with cheese like Brie or Camembert
Blue-C Odor associated with mold like Penicillium

Taste Salty-C Basic taste illustrated by sodium chloride (NaCl 1–3 g/L in mineral water)
Sour-C Basic taste illustrated by lactic acid (lactic solutions 0.84–1.23 g/L in mineral 

water)
Bitter-C Basic taste illustrated by leucine (leucine solution 1.8–5 g/L in mineral water)
Pungent-C Describes a product causing a sharp sensation of the buccal cavity

Aroma Overall-Aroma-C Overall aroma intensity of cheese
Ammonia-C Aroma associated with cheese like Brie or Camembert
Blue-C Aroma associated with mold like Penicillium
Persistence-C Aroma attribute related to the persistence of aroma in mouth after 

swallowing

Texture in mouth Firmness-in-mouth-C Mechanical textural attribute related to the force required to achieve a given 
deformation of the cheese by teeth penetration

Smooth-C Term relating to resistance of flow (viscosity) and perception of fat in mouth
Rough-C Rough texture describing the presence of fine particles in mouth
Sticky-C Mechanical textural attribute related to the core adhering on the palate 

during the mastication
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ysis (Table 3) showed that this first step contributed 
substantially to the Na and Cl contents of the cheese 
core: 45% total Na for the fine-NaCl treatment, 54% 
for control and CaCi, and 67% for CaLa. The change 
of salt granulometry necessary to obtain homogeneous 
salt treatments induced an increase of almost 21% of Na 
in the fine-NaCl cheese core compared with the control 
core, reflecting greater penetration of Na in the cheese 
from fine-grain salt than from coarse salt (Table 3). Re-
garding the salt-substituted cheese cores, for the same 
granulometry and rate of substitution, lower Na and Cl 
penetration was detected for the CaLa treatment than 
the CaCi treatment. Both substituted cheeses differed 
(nonsignificantly) in Na content compared with control 
and fine-NaCl but showed a significant decrease (P < 
0.05) in Cl content. Similar nonstoichiometric relation-
ships between Cl and Na were reported previously in 
Camembert and Cantal cheeses (Boutrou et al., 1999; 
Gaucheron et al., 1999; De Freitas et al., 2005, 2007), 
with greater variation in blue-veined cheese (Prieto et 
al., 2000, 2002; Gore et al., 2016a,b). In the literature, 
very few works have addressed the distribution of Cl 
and Na in the cheese matrix to understand this feature 
(Hardy, 1976, 1983; Boisard et al., 2013). The complex 
cheese matrix exerts a sieve effect on the diffusion of Na 
and Cl into cheese and water out of cheese, because the 
matrix consists of fat globules and protein aggregates 
that act as a barrier to Na ions and water movement 
(Guinee, 2004). Thus, salt and water will take other 
complex and lengthy paths to circumvent these barri-
ers (Hardy, 1983; Ayyash, 2013). Brining and dry salt-
ing may result in uneven distribution of Na and Cl in 
cheese by creating zone variations in the cheese mass 
(Guinee et al., 2000; Ayyash, 2013). Zonal variations in 
the levels of salt occur within a cheese loaf immediately 
after salting and can persist for varying lengths of time 
afterward, depending on salting equipment and condi-
tions, cheese structure, cheese composition, and storage 
conditions (Guinee, 2004; Ayyash, 2013).

Effect of Organic Calcium Salt Substitution  
on Cheese Composition

The mean values for pH, DM, ash, total N, fat, 
citrate, and lactate contents of the studied products 
are given in Table 4. Dry matter content was higher 
in the CaCi core compared with 3 other treatments. 
Correspondingly, CaCi cheeses were higher in fat and 
total N because of less dilution from moisture. The 
CaLa cheeses showed DM, total N, and fat contents 
comparable to the control cheese and to blue-veined 
cheeses from other studies (Bord et al., 2015; Jacquot 
et al., 2015; Gore et al., 2016a). In all cheeses, sig-
nificantly higher ash content was reported in the rind T
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than in the core. As described by Morris et al. (1985), 
total mineral composition equilibrium between the rind 
and the cheese is not reached by d 56 of ripening. The 
ash content of the core in CaCi, fine-NaCl, and con-
trol cheeses was similar, and the CaLa cheese had the 
lowest ash content. In the rind, CaLa, fine-NaCl, and 
control cheeses had similar ash content but lower than 
that of CaCi cheese.

A pH gradient between the rind and core of the cheese 
was observed (Table 4; Figure 2a): at d 7, a difference of 
0.1 to 0.2 pH units was observed, which reached 0.2 to 
0.3 pH units in 4 d. The largest pH gradient was formed 
between d 11 and 19, with a difference of 0.8 units in 
pH for control and 0.9 units for fine-NaCl and CaCi. 
The most significant gradient was observed for CaLa 
cheese, with a 1.7-unit difference in pH, comparable 
to that obtained in Camembert cheese at 15 d (2.5 pH 
units; Abraham et al., 2007) and 20 d (2.1 pH units; Le 
Graet and Brulé, 1988) of ripening. It is also important 
to note that after d 19, the pH difference between CaLa 
rind and core tended to decrease, with a slight decrease 
in the rind and an increase of 1.2 pH units in the core. 
At d 56, the pH gradient slightly decreased for control 
and CaCi cheeses, by 0.7 and 0.6 pH units, respectively. 
A smaller decrease of the pH gradient was observed 
for fine-NaCl (0.2 pH units) and CaLa (0.4 pH units) 
compared with 0.7 in Camembert at the end of the rip-
ening (Abraham et al., 2007). The formation of the pH 
gradient may be comparable to that reported in Cam-
embert cheese (McSweeney and Fox, 2004). Geotrichum 
candidum and Penicillium camemberti (P. roqueforti for 

blue-veined cheese) rapidly metabolize lactate into CO2 
and O2, thus deacidifying the cheese surface. Deacidifi-
cation causes a pH gradient to develop from the center 
of cheese to its surface. As surface pH increases, calcium 
phosphate precipitates as a layer of Ca3(PO4)2, which 
causes an irreversible migration of calcium phosphate 
to the rind (Le Graet and Brulé, 1993; McSweeney and 
Fox, 2004; Abraham et al., 2007). The establishment of 
this gradient was probably accelerated by the addition 
of calcium lactate to the surface. The removal of rinds 
for analysis could explain the observed decrease of Ca 
content in the cheese core. This hypothesis was tested 
in this study by keeping and analyzing the rinds. In 
summary, CaLa cheeses showed a significant (P < 0.05) 
pH gradient and different behavior compared with the 
other 3 treatments.

The lactate and citrate contents in milk, DC, BSC, 
and cheeses at d 56 are presented in Table 4, and their 
evolution during ripening is given in Figure 2c and 2d. 
The CaLa cheese had a very high lactate content in 
the rind at d 7 (5,195.1 ± 259.3 mg/100 g) because 
calcium lactate was added during the dry salting. The 
lactate content decreased gradually as ripening pro-
gressed, probably reflecting the surface flora activity 
and deacidification of the rind (McSweeney, 2004). The 
phenomenon of deacidification of the rind was observed 
after dry salting (d 3) until 72.2% of the lactate was 
metabolized (by d 19) and continued to decline until d 
56, with 87.4% loss of lactate in the rind. Conversely, 
the behavior of CaCi cheeses was very similar to that 
of fine-NaCl and control cheeses. No significant differ-

Table 4. Composition of the raw milk, drained unsalted curds, brine-salted curds, and cheeses (core and rind) at 56 d of ripening, expressed 
per 100 g of fresh weight1

Product2 pH
DM,  

g/100 g

Component

Ash,  
g/100 g

Total N,  
g/100 g

Fat,  
g/100 g

Lactate,  
mg/100 g

Citrate,  
mg/100 g

Raw milk 6.6 ± 0.0b 12.4 ± 0.1e 0.7 ± 0.0h 0.52 ± 0.0e 4.1 ± 0.0f 39.3 ± 8.9e 89.6 ± 3.7a

Drained curds 4.9 ± 0.0e 49.9 ± 0.6d 1.9 ± 0.0g 3.10 ± 0.1d 27.2 ± 0.6e 1264.1 ± 61.3a 2.8 ± 0.4de

Brine-salted curds 4.9 ± 0.0e 53.4 ± 0.7c 3.1 ± 0.1f 3.23 ± 0.1c 28.5 ± 0.5d 1373.6 ± 111.3a 1.1 ± 0.2e

Control core 6.3 ± 0.0c 53.7 ± 0.3bc 4.1 ± 0.2d 3.31 ± 0.1b 29.8 ± 0.6bc 441.4 ± 80.6cd 6.6 ± 2.2d

Control rind 7.0 ± 0.0a ND3 5.2 ± 0.0c ND ND 68.5 ± 11.3e 4.1 ± 0.5de

Fine-NaCl core 6.3 ± 0.0c 54.2 ± 0.2b 4.1 ± 0.2d 3.37 ± 0.0b 29.5 ± 0.4c 436.8 ± 52.8cd 3.6 ± 1.3de

Fine-NaCl rind 6.5 ± 0.0bc ND 5.3 ± 0.0bc ND ND Trace 3.9 ± 0.7de

CaLa core 6.1 ± 0.0d 53.6 ± 0.5bc 3.6 ± 0.1e 3.33 ± 0.1b 30.4 ± 0.6ab 557.5 ± 53.4bc 6.0 ± 2.4d

CaLa rind 6.5 ± 0.0bc ND 5.7 ± 0.0b ND ND 654.7 ± 8.8b 5.3 ± 0.7de

CaCi core 6.6 ± 0.3b 55.9 ± 0.3a 3.9 ± 0.2d 3.50 ± 0.1a 31.1 ± 0.6a 379.2 ± 160.5d 14.8 ± 5.1c

CaCi rind 7.2 ± 0.0a ND 8.0 ± 0.3a ND ND 32.8 ± 6.6e 22.1 ± 3.0b

a–hMeans in a column sharing common superscripts are similar as tested by Tukey’s test (P > 0.05).
1Means of replicates ± SD.
2Control = cheese salted with coarse NaCl salt (100%); fine-NaCl = cheese salted with fine-grain NaCl salt (100%); CaLa = cheese salted with 
a mix of calcium lactate (75%) and fine-grain NaCl salt (25%); CaCi = cheese salted with a mix of calcium citrate (75%) and fine-grain NaCl 
salt (25%).
3Not determined.
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ences in citrate content were observed between DC, 
BSC, and the CaLa, fine-NaCl, and control ripened 
cheeses. Changes in citrate contents were detected only 
in cheeses (core and rind) made with partial substitu-
tion of dry salt by calcium citrate. Conversely, citrate 
content did not reach the level found in raw milk (89.6 
mg/100 g). The maximum level was reached at d 11 
in the rind (69.1 mg/100 g). From that time onward, 
citrate content decreased significantly in the rind and 
increased slightly in the cheese core.

We also tested the hypothesis of migration of cal-
cium phosphate to the rind under the effect of a pH 
gradient (Table 3; Figure 2a,b). First, calcium citrate 
is naturally richer in Ca than calcium lactate and 
provided much more Ca to the rind: calcium citrate 
provided 370% more Ca to the rind compared with 
the core and calcium lactate provided 225% more Ca 
at d 56. Second, the use of calcium citrate involves 
greater fluctuations in the Ca content of different salted 

cheeses, probably because of manual salting and cheese 
heterogeneity (Hardy, 1983; Abbas, 2012; Gore et al., 
2016a). At all stages of ripening, more Ca was present 
in the rind of CaCi and more Ca was found in cheese, 
demonstrating that calcium citrate did not induced any 
notable pH gradient or, therefore, Ca migration. Thus, 
the CaCi cheese core was richer in Ca (~100 mg/100 g) 
compared with CaLa, but no significant difference was 
found for fine-NaCl or Control. For the CaLa treat-
ment, the Ca content in cheese core increased on d 
7 and then decreased after d 11, remaining relatively 
constant until late ripening (Figure 2b). Thus, we can 
hypothesize that Ca from calcium lactate migrated into 
the cheese in the first days of ripening, and then likely 
returned irreversibly to the rind under the action of the 
pH gradient (Le Graet et al., 1983; Le Graet and Brulé, 
1988). Regarding P content, we found statistical differ-
ences in all cheese cores and rinds analyzed separately 
(Table 3). Conversely, significant differences (P < 0.05) 

Figure 2. Evolution of (a) pH, (b) calcium, (c) lactate, and (d) citrate contents in 4 cheeses (core and rind) during manufacturing. Control 
= cheese salted with coarse NaCl salt (100%); fine-NaCl = cheese salted with fine-grain NaCl salt (100%); CaLa = cheese salted with a mix of 
calcium lactate (75%) and fine-grain NaCl salt (25%); CaCi = cheese salted with a mix of calcium citrate (75%) and fine-grain NaCl salt (25%).
Day 0 = raw milk; d 2 = drained curd; d 3 = brine-salted curd; d 7, 11, 19, and 56 = cheeses at different ripening times.
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were detected between the cheese core and rind of the 
same cheese, with a higher content in the rind. Thus, 
we observed a difference in P content of almost 118% 
between the cheese core and rind for CaLa and control, 
whereas that of CaCi and fine-NaCl differed by 52 and 
34%, respectively, between core and rind. We can con-
clude that in all 4 blue-veined cheeses a lower (CaCi, 
fine-NaCl, and control) or higher (CaLa) pH gradient 
existed, and which induced lesser Ca and P migrations 
in CaCi and fine-NaCl. In contrast, the pH gradient 
induced greater migration of Ca and P migrations in 
CaLa and control cheeses.

Effect of Organic Calcium Salts  
on Acid-Forming Potential

The PRAL elements (protein, Ca, K, Mg, P, Na, and 
Cl) and the calculated PRAL indexes of the products 
are shown in Table 3. Previous works already demon-
strated the need to consider Na and Cl when calculat-
ing the PRAL index of processed foods (Gore et al., 
2016a,b). The protein content of CaLa was comparable 
to that of fine-NaCl and control, whereas CaCi had a 
higher protein concentration, probably because of its 
higher DM content. Contents of K and Mg had little 
effect on acid-forming potential given their low concen-
trations in the ripened cheeses (Gore et al., 2016a) and 
the use of calcium lactate and calcium citrate did not 
affect their content in end products regardless of the 
treatment applied.

In the current study, the obtained PRAL indexes 
were almost twice (55.6 mEq/100 g) as high as the 
PRAL obtained in the same cheese in previous studies 
(28.0 mEq/100 g; Gore et al., 2016a,b). These results 
are related to the mineral content of raw milk and more 
specifically to its Ca:P ratio. In fact, milk from the cur-
rent study was obtained in spring, at the time the herds 
were turned out to green grass pasture. The milk had 
a highly unbalanced Ca:P ratio (0.3), with a tripled 
P quantity and low Ca content compared with milk 
from other periods (ANSES, 2013), which affected the 
final composition of cheeses and therefore their PRAL. 
Reports in the literature argue that the mineral compo-
sition of the cheese is determined by the cheese-making 
process more than the milk compositional variability 
(Guéguen, 1997; Lucas et al., 2006a,b). However, some 
variations are reported for Ca and P levels in cow milk 
when cows are turned out to green grass pasture in 
spring (Guéguen, 1997). As stipulated by Notz (1997), 
milk is greater in P and reduced in Ca in this period, 
resulting a low Ca:P ratio. The results for Ca and P 
obtained in the blue-veined cheese in the current study 

were within the range given in the nutritional database 
CIQUAL (ANSES, 2013).

In the cheese core, none of the salt substitutions al-
lowed significant PRAL optimization (Table 3), prob-
ably because of the high variabilities in the mineral 
composition discussed previously. The PRAL formula is 
often criticized for its limitations (Gore et al., 2016a,b), 
being generalized for all foodstuffs rather than specific 
to cheese. Moreover, alkalinizing anions are an impor-
tant factor but they are not considered in the PRAL 
formula. Concerning the content of alkalinizing anions 
in the cheese core, CaLa substitution resulted in a non-
significant increase in lactate content compared with 
control and fine-NaCl, whereas the lactate content in 
the rind of CaLa was 10 times greater than that in 
control and fine-NaCl. This interesting result should 
be considered when using calcium lactate as a salt sub-
stitute; it would be more relevant to add the calcium 
lactate to the milled curd before the molding step in 
order to enrich in these elements in the core and not 
the rind (which is not usually consumed). With the 
CaCi treatment, the citrate content of the cheese was 
increased by 224% compared with control and by 410% 
compared with fine-NaCl. Likewise, for better nutri-
tional optimization, calcium citrate would be a good 
candidate for calcium fortification when added directly 
to the core, because the Ca content in the cheese rind 
was 5.5 times greater than in the core of the control 
cheese.

Effect of Organic Calcium Salts Substitution  
on Sensory Properties

A 2-way ANOVA (product, assessor) with interac-
tion was applied to the sensory attributes (Table 5). 
The analyses showed a significant (P < 0.05) product 
effect for 13 sensory attributes from 29 total attributes 
(45%). The product × assessor interaction was signifi-
cant (P < 0.05) for only one sensory attribute (sandy; 
Table 5). These results are fundamental for subsequent 
analyses and interpretations because they demonstrate 
high reliability of the panel.

The salt-substituted cheeses were analyzed for sig-
nificant sensory differences compared with the control 
cheeses (Table 5). The rind of the salt-substituted 
cheeses differentiated in color, texture (slightly sticky 
and sandy), and salty perceptions. The CaLa cheeses 
were characterized by a grayer color of rind (5.5) than 
CaCi and fine-NaCl cheeses, which was probably due 
to the metabolism of lactate by surface flora G. candi-
dum and P. roqueforti; lactate is a good substrate for 
these microorganisms (McSweeney, 2004; McSweeney 
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and Fox, 2004). The sandy texture of the rind could be 
explained by the dry salting on the surface of cheeses 
and by the nature of the Ca salts (white powder and 
partly soluble). No significant (P < 0.05) differences 
were observed for heterogeneity, roughness, global odor, 
or ammonia and moldy aromas.

Cheese cores were differentiated by blue-vein quan-
tity and distribution and firmness, whereas moisture 
and color were similar to those of the cheeses salted 
only with NaCl (coarse or fine). The CaCi cheese was 
characterized by greater blue-vein quantity (6.9) and 
better blue-vein distribution (7.0) than CaLa, but no 
significant differences with fine-NaCl were detected 
for these attributes. The CaLa cheese was judged as 
less firm to touch (3.6) than the 3 other treatments 
(4.3 average). No significant differences were observed 
for cheese odor (overall, ammonia, and blue). In the 
mouth, differences in pungent and blue aroma percep-

tions were detected. The CaLa cheese had a less intense 
blue aroma (3.9) than control and was less pungent 
(2.4) than fine-NaCl and control cheeses. In addition, 
no significant differences in salty perception between 
the salt-substituted cheeses (6.7 and 6.9) and control 
(6.9) were detected, demonstrating their roles in en-
hancing the salty perception of products (Astruc et al., 
2008; Choi et al., 2014). Notably, no significant effect 
on bitter taste was detected in either salt-substituted 
cheese. In agreement with the biochemical results, CaCi 
was firmer than CaLa, probably because of its higher 
DM content.

Overall, the sensory tests showed that a 75% reduc-
tion in dry NaCl is possible by substituting calcium 
lactate or calcium citrate without affecting salty and 
bitter tastes. The salt-substituted cheeses had appear-
ance, texture, and aroma comparable to those of the 
control cheeses.

Table 5. Mean and standard deviation of sensory attribute intensity scores for blue-veined cheeses (core and rind) salted with different salt 
mixes

Sensory property  Attribute1

Treatment2

 

P-value

Control Fine-NaCl CaLa CaCi Product
Product  

× assessor

Rind texture Color-R 4.6 ± 1.0b 4.7 ± 1.1ab 5.5 ± 0.3a 4.2 ± 0.7b  0.009*** 0.127
Heterogeneity-R 5.9 ± 0.2 5.4 ± 0.8 5.8 ± 0.4 6.1 ± 0.6  0.159 0.356
Sticky-R 2.8 ± 0.6a 2.8 ± 0.6a 1.2 ± 0.5b 1.9 ± 0.6b  <0.001*** 0.980
Rough-R 4.9 ± 0.6 5.4 ± 0.5 5.2 ± 0.2 5.2 ± 0.3  0.198 0.516

Odor Global-Odor-R 5.7 ± 0.2 6.0 ± 0.6 6.1 ± 0.2 6.0 ± 0.3  0.057 0.996
Aroma Ammonia-Aroma-R 2.4 ± 0.2 3.3 ± 0.5 3.1 ± 0.3 2.8 ± 0.3  0.053 0.899
Taste Moldy-Aroma-R 3.5 ± 0.5 3.1 ± 0.8 3.3 ± 0.4 3.1 ± 1.0  0.443 0.873
 Salty-R 4.9 ± 0.3ab 5.4 ± 0.3a 4.8 ± 0.2b 4.5 ± 0.6b  0.001*** 0.899
 Sandy-R 4.2 ± 0.2b 4.2 ± 0.5b 6.0 ± 0.4a 6.0 ± 0.4a  <0.001*** 0.006**
Cheese core 
 appearance

Color-C 5.1 ± 0.4 5.0 ± 0.2 4.9 ± 0.8 5.4 ± 0.2  0.040* 0.986
Moisture-C 2.7 ± 0.1 2.5 ± 0.3 2.7 ± 0.3 2.7 ± 0.7  0.569 0.996
Blue-Quantity-C 6.8 ± 0.1ab 6.7 ± 0.4ab 6.3 ± 0.4b 6.9 ± 0.4a  0.008** 0.896
Blue-Distribution-C 7.0 ± 0.6a 6.3 ± 0.7b 6.0 ± 0.4b 7.0 ± 0.8a  <0.001*** 0.721
Firmness-on-touch-C 4.4 ± 0.5a 4.1 ± 0.4ab 3.6 ± 0.6b 4.4 ± 0.2a  0.002** 0.928

Odor Overall-Odor-C 5.4 ± 0.1 5.4 ± 0.3 5.3 ± 0.6 5.3 ± 0.4  0.773 1.000
Ammonia-C 2.9 ± 0.6 2.6 ± 0.6 2.8 ± 0.6 2.8 ± 0.2  0.758 0.991
Blue-C 3.9 ± 0.1 3.8 ± 0.1 3.4 ± 0.6 3.7 ± 0.2  0.367 0.512

Taste Salty-C 6.9 ± 0.2b 7.5 ± 0.3a 6.7 ± 0.4b 6.9 ± 0.6b  0.004** 0.594
Sour-C 2.9 ± 0.2b 3.2 ± 0.3a 2.6 ± 0.0b 2.8 ± 0.5b  0.010* 0.997
Bitter-C 5.4 ± 0.4 5.5 ± 0.2 5.8 ± 0.2 5.2 ± 0.1  0.398 0.447
Pungent-C 3.3 ± 0.5a 3.4 ± 0.3a 2.4 ± 0.4b 3.3 ± 0.4ab  0.006** 0.776

Aroma Overall-Aroma-C 6.3 ± 0.0 6.3 ± 0.2 6.2 ± 0.2 6.0 ± 0.5  0.460 0.850
Ammonia-C 3.6 ± 0.3 4.0 ± 0.4 3.4 ± 0.2 3.5 ± 0.7  0.081 0.979
Blue-C 4.6 ± 0.2a 4.3 ± 0.0ab 3.9 ± 0.4b 4.2 ± 0.6ab  0.012* 0.926
Persistence-C 5.5 ± 0.1 5.8 ± 0.4 5.4 ± 0.6 5.5 ± 0.4  0.580 0.314

Texture in-mouth Firmness-in-mouth-C 3.6 ± 0.3ab 3.5 ± 0.3ab 3.0 ± 0.3b 3.6 ± 0.6a  0.033* 0.635
Smooth-C 5.1 ± 0.3 5.0 ± 0.1 5.3 ± 0.1 5.1 ± 0.3  0.399 0.887
Rough-C 0.9 ± 0.1 0.9 ± 0.1 0.7 ± 0.1 0.8 ± 0.2 0.328 0.743
Sticky-C 5.3 ± 0.5 5.2 ± 0.5 5.6 ± 0.3 5.2 ± 0.5  0.322 0.508

a,bMeans within a row sharing common superscripts are not significantly different at 5% (Tukey’s test).
1R = rind; C = cheese core.
2Control = cheese salted with coarse NaCl salt (100%); fine-NaCl = cheese salted with fine-grain NaCl salt (100%); CaLa = cheese salted with 
a mix of calcium lactate (75%) and fine-grain NaCl salt (25%); CaCi = cheese salted with a mix of calcium citrate (75%) and fine-grain NaCl 
salt (25%).
* P < 0.05, ** P < 0.01, *** P < 0.001.
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Implications

The present study contributes interesting data that 
can assist in the nutritional optimization of cheese. 
Calcium lactate is an attractive compound for use in 
reducing the Na content in cheese. Both calcium lac-
tate and calcium citrate would be excellent alternatives 
for Ca fortification if incorporated in the cheese mass 
after the milling of the curd, rather than by rubbing 
on the cheese surface. Our study showed that salt 
granulometry is a non-negligible factor that influences 
salt diffusion into the cheese matrix, thus significantly 
influencing Na content. Further research is necessary 
for a better understanding of this aspect. Based on this 
original work, further research is needed, especially to 
investigate whether replacement of the brining process 
by direct addition of organic salts to the milled curd 
before molding would be appropriate. The use of these 
salts in the milled curd of cheeses might result in a more 
homogeneous matrix and might yield more interesting 
results from a nutritional point of view. Moreover, the 
rapid metabolism of organic anions by surface flora 
would be avoided or at least reduced.

CONCLUSIONS

In this paper, we proposed a new method to reduce 
Na content by partly substituting NaCl with alkaliniz-
ing organic Ca salts. The blue-veined cheeses obtained 
using a 75% substitution of NaCl with calcium lactate 
contained about 33% less Na than the cheese salted 
only with fine NaCl. Substitution with calcium citrate 
improved the citrate content by 410% compared with 
the fine-NaCl cheese. To improve Ca intake, consump-
tion of the rind of the substituted cheeses is recom-
mended. This study highlighted the substantial effect 
of salt granulometry on Na content, with the use of 
the coarse salt reducing the Na content by 21%. The 
obtained products did not differ significantly in bitter 
or salty perception compared with the control cheese 
and could be considered of similar sensory quality. This 
approach improves the targeted nutritional properties 
of cheeses without altering their sensory properties 
and therefore should be considered by cheese-making 
producers.
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