
Bae et al. Appl Biol Chem           (2020) 63:66  
https://doi.org/10.1186/s13765-020-00539-5

ARTICLE

Physicochemical changes during 4 weeks 
ripening of Camembert cheeses salted with four 
types of salts
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Abstract 

The objectives of this study were to compare physicochemical, rheological and sensory characteristics of Camembert 
cheeses salted with 4 types of salts (refined salt, baked refined salt, sun-dried salt, and Himalayan rock salt) during 
4 weeks ripening period. The pH of Camembert cheese was 7.2 in the sun-dried salt, which was the highest than 
the other three types of salts. The viable lactic acid bacteria (LAB) counts after 4 weeks ripening of the cheeses with 
4 types of salts were 1.4 × 108, 1.6 × 108, 1.3 × 108, and 1.3 × 108 CFU/ml, respectively. The water soluble nitrogen 
level of the cheese salted with Himalayan rock salt was the highest (109.23 µg/g) among those of all the cheeses 
at 4 weeks ripening. Organic acids in all the cheeses decreased as the ripening period advanced. Protein hydrolysis 
proceeded faster refined salted cheese than other salted cheeses after 4 weeks ripening. Octadecanoic acid and hexa‑
decanoic acid (volatile fatty acid) which were detected in the cheeses with refined salt and Himalayan rock salt were 
lower than those with baked refined salt and sun-dried salt. In terms of textural characteristics there were substantially 
steep decreases in hardness, gumminess, and chewiness after 4 weeks ripening, while springiness and cohesiveness 
decreased less in all the Camembert cheeses. With respect to sensory properties, the taste score of the cheese with 
refined salt were significantly higher than those with baked refined salt, sun-dried salt and Himalayan rock salt. These 
results suggested that the refined salt should be recommended for Camembert cheese making.
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Introduction
The soft and mold-ripened cheeses the most well known 
in the world is Camembert cheese which is aged by inoc-
ulating with Penicillium camembert and Geotrichum can-
didum. It is native of the Camembert region of northern 
France. The cheese is ripened very quickly due to high 
moisture content and rapid growth of the surface mold 
[1]. The action of mold protease, in addition to the prote-
olytic actions of the coagulant and the protease from the 
starter culture, transforms the insoluble casein into acid-
soluble N fragments [2]. Especially, the strong activity of 

mold protease and lipase transformed rapidly insoluble 
casein into water soluble peptides.

In cheese ripening terminology, cheese ripening is 
usually divided into interior or surface ripened cheese. 
Surface ripened cheese is divided into smear- and mold-
ripened cheese. Typical examples of interior ripened 
cheeses are cheeses that are either submerged in brine 
and stored in barrels, tins or airtight cartons cheeses that 
are wrapped in plastic foil directly after production and 
stored in this way, like rindless varieties of Continental 
cheeses. All ripened cheeses are subject to a ripening 
process by which the cheese constituents are modified or 
degraded through the action of indigenous milk enzymes, 
added enzymes and enzymes of microbial origin. Over 
and above the general interior ripening many cheeses are 
subject to surface ripening. Surface ripening may again 
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be divided into smear ripened cheeses and mold rip-
ened cheeses [3]. Ripening of the surface mold-ripened 
cheeses, Camembert and Brie, is characterized by the 
very marked softening and almost liquefaction of the 
cheese body from surface to center. This ripening pat-
tern is due mainly to combination of αs1-casein hydrolysis 
and pH gradient decreasing from surface to center, due 
to ammonia production by the surface mold, P. cam-
emberti, and its inward diffusion, catabolism of lactic 
acid, and outward diffusion of calcium [4–6]. Salt influ-
ences cheese ripening principally through its effect on 
water activity. Among the principal effects of salts are 
control of microbial growth and enzyme activity, syner-
esis of the curd and subsequent reduction of moisture 
of cheese curd, and physical changes in cheese proteins. 
The salt level of cheese ranges from ~ 0.7% in Emmental 
to ~ 6% for Domiati. The salt level of Camembert cheese 
is 2.5% [7]. The major feature of cheese salting is direct 
contribution to flavor [8, 9]. Saltiness of cheese is highly 
appreciated by many peoples and regarded as one of the 
four basic flavors. The characteristic taste of salt, sodium 
chloride, is due to sodium ion [10].

Few studies have been conducted on the effect of salt 
types to natural cheeses, especially in Camembert cheese. 
Therefore, the objectives of this study were to prepare.

Camembert cheeses with refined salt, baked refined 
salt, sun-dried salt, and Himalayan rock salt and to com-
pare physicochemical, textural and sensory characteris-
tics of the Camembert cheeses during 4 weeks ripening 
periods.

Materials and methods
Compositions of raw milk and Camembert cheese
Raw cow milk was obtained from the milking herd 
of Holstein–Friesian breed at the Animal Resources 
Research Center, Chungnam National University located 
at Cheongyang, Chungnam, South Korea. Milk com-
positions were measured by MilkoScan™ FT + (FOSS, 
Hilleroed, Denmark). The total solids content of Camem-
bert cheeses was determined by vacuum oven sand pan 
method in a vacuum drying oven (VOS-201SD, Eyela, 
Japan) at 70 °C for 24 h [11]. Fat content was measured by 
a Rose-Gottlieb method [12]. Protein content was meas-
ured by a Kjeldahl method [13].

Starter culture
Starter cultures used were the DVS (Direct Vat Set) 
cultures composed of Lactococcus cremoris, Lactococ-
cus diacetylactics, Lactococcus lactics, Leuconostoc 
mensenteroides (CH-N11, Chr-Hansen Co., Denmark). 
The Penicillium candidum (Chr-Hansen Co., Denmark) 
was added on the surface of the experimental Camem-
bert cheeses.

Salts
Four types of salts used were refined salt (Hanju Ltd., 
Korea), baked refined salt (Hanju Ltd., Korea), sun-dried 
salt (Shinyi Ttd., Korea), and Himalayan rock salt (Irae 
Marketing Ltd., Pakistan). Salting was carried out in 21% 
brine for 70 min at 4 °C.

Ripening of cheese
Camembert cheeses were prepared by the Scott [14] 
method (Fig. 1). Initially, they were ripened for 1 week in 
the ripening room (12 °C, RH 95%), and then secondary 
ripening was carried out at 4 °C for 2-4 weeks.

pH
pHs of cheese samples were determined weekly using the 
methods [15]. A 10 g cheese sample and 20 ml sterilized 
water were homogenized using a homogenizer (ULTRA 
TURRAX T25, Janke & Kunkel, IKA-Labortechnic Ger-
many) for 5 min at 20,000 rpm, and then the pH of a sam-
ple was measured weekly for 4 weeks using a pH meter 
(S-20 K, Mettler Toredo Co., USA) [16].

Viable cell count
Cheese samples were taken weekly, mixed with sterilized 
water at 1:2 ratio as was done for pH. The number of via-
ble cell count was determined by the method [17], using 
Standard plate count agar (Becton, Dickinson Co., USA) 
and BCP agar (Eiken Chemical Co., Ltd. Japan).

Fig. 1  Preparation procedure of the Camembert cheeses with the 
four types of salts including refined salt, baked refined salt, sun-dried 
salt, and Himalayan rock salt
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Water soluble nitrogen (WSN)
Changes in WSN of cheeses were measured to estimate 
the extent of protein degradation during ripening period 
[18, 19]. The cheese samples were homogenized with a 
homogenizer (ULTRA TURRAX T25, Janke & Kunkel, 
IKA Labortechnic, Germany) with sterilized water and 
cheese at a ratio of 4: 1 (20 g cheese and 90 mL sterilized 
water) and centrifuged at 1800 × g (Mega 17R, Hanil Sci-
ence Industrial, Korea). After centrifugation for 30 min., 
the supernatant was filtered through Whatman No.2, and 
2.5 ml of reagent A (12% trichloroacetic acid) and 0.5 ml 
distilled water was added to supernatant [19]. The mix-
ture was allowed to stand at room temperature for 20 min 
and the supernatant was filtered through Whatman 
No. 42 (GE Healthcare Life Sciences, UK) and decanted 
2.5 ml. Five ml of reagent B (500 mL distilled water, 75 g 
sodium carbonate and 10 g sodium hexametaphosphate) 
and 1.5 ml of reagent C (50 ml phenol regent and 100 ml 
distilled water) were successively added to 2.5 ml of the 
filtrate. After the color development, WSN content was 
measured at the absorbance of 570 nm using a UV-spec-
trophotometer (UV-1700, Shimadzu Co., Japan), and 
the concentration was calculated according to the linear 
equation using tyrosine as a standard [16].

Protein, sugar and organic acid assays
The mixtures of sterilized water and cheese sample at 
a ratio of 2:1 were homogenized, and centrifuged at 
4000×g for 10 min using a centrifuge (Mega 17R, Hanil 
Science Industrial, Korea). The supernatant was collected 
and filtered using 0.2 μm membrane filter. Protein was 
determined by HPLC system (600E Multisolvent Delivery 
System, Waters Associates, USA), and amino acid and 
glucose conversion were also analyzed. Twenty microlit-
ers of the samples were injected into the 7725 injector 
(Rheodyne, A, USA). The detector used was a 2487 UV 
detector (Waters Associate, USA) for protein and organic 
acid analyses. Sugar content was analyzed using a refrac-
tive index detector (2410 RI Detector, Waters Associates, 
USA). The columns used for protein analyzation and for 
sugar and organic acid analyzation were Vydac218TP™ 
C18 (Grace Division Discovery Science, USA), and Super-
cogel C-610H (38  cm × 7.8  mm, Supelco, USA), respec-
tively. The temperature was set at 40  °C using a Waters 
Column Heater Module (CHM095M, Waters Associ-
ates, USA). The mobile phase was subjected to organic 
acid and glucose conversion test at a flow rate of 0.5 ml/
min using 0.1% phosphoric acid and water (TEDIA Com-
pany Inc., USA). Protein analysis was performed using 
the mobile phase A of 0.1% TFA (Trifluoroacetic acid) 
and the mobile phase B of 0.1% TFA in acetonitrile at a 
flow rate of 1.0 ml/min for 40 min. The standard reagents 

for sugars, e.g., lactose, glucose, galactose, fructose, and 
sucrose and for organic acids, e.g., acetic acid, oxalic acid, 
citric acid, lactic acid, propionic acid, butyric acid, and 
succinic acid used for the experiments were purchased 
from Sigma-Aldrich Co. in Germany [16].

Fat extraction
Five grams of cheese sample were mixed with 25 ml ether 
for fat extraction, and shaken for 3  h at 30  °C/200  rpm 
[20]. The supernatant of fat extract was decanted, and 
concentrated using nitrogen gas to a volume of 1/16.

Volatile fatty acid determination
Changes in fatty acid profiles during cheese ripening 
were determined using a gas chromatograph [20]. Vola-
tile concentrates were analyzed with HP 6890 FID GC 
system (Agilent Tech, USA), using HP-5MS column 
(30  m × 0.25  mm × 0.25 μm, Agilent Tech, USA). The 
sample extract was injected into the GC injector and 
heated to 190 °C at the rate of 6 °C/min and then held at 
190 °C for 10 min. The carrier gas was nitrogen at a rate 
of 35 ml/min [16].

Texture analysis
The change in physical properties of cheese samples was 
evaluated by texture profile analysis (TPA) using a tex-
ture analyzer (Model TA-XT2i, Stable Micro Systems, 
England) [21, 22]. Probe is stainless steel rod (P/5, diam-
eter 4 mm) and sample size is 20 mm × 20 mm × 20 mm. 
The operating condition of the texture analyzer is shown 
in Table 1.

Sensory evaluation
The sensory evaluation panel was composed of 40 
untrained panelists of students (20 to 30  years old) and 
faculty at Chungnam National University in Korea. The 
panelists evaluated sensory characteristics of Camembert 

Table 1  The operating condition of  TA-XT2i texture 
analyzer

Measurement Condition

Probe Stainless steel 
rod (diameter 
4 mm)

Pre-test speed 5.0 mm/s

Test speed 1.0 mm/s

Post-test speed 5.0 mm/s

Distance 20.0 mm/s

Time 5.00 s

Strain 70%

Force Grams
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cheeses, such as hardness, flavor, bitterness and salty 
taste using 7 hedonic scores (7; very strong, 6; strong, 5; a 
little strong, 4; moderate, 3; a little weak, 2; weak, 1; very 
week). The taste evaluated using 7-scores hedonic scale 
(7; very good, 6; good, 5; a little good, 4; moderate, 3; a 
little bad, 2; bad, 1; very bad). Prior to sensory evaluation, 
Camembert cheese ripened for 4  weeks were held for 
2  h at room temperature and then cut into representa-
tive rectangular slices (20 g). The samples were served in 
a random order with a 7- digit code. Water and cracker 
were provided to clean the mouth between testing.

Statistical analysis
All experimental data were analyzed for ANOVA, least 
square means, and Duncan’s Multiple Mean Comparison 
using SAS program (SAS 9.3 Institute Inco, USA). The 
significance level between treatment means was P < 0.05.

Results and discussion
General compositions
Milk compositions are protein 3.24%, fat 4.48%, lac-
tose 4.62%, moisture 86.96% and total solids 13.04%. 
And compositions of Camembert cheese at before brin-
ing were protein 17.23%, fat 25.46%, water 53.3% and 
total solids 46.70%. The compositions of 4 week ripened 
Camembert cheese are protein 20.49%, fat 28.27%, water 
50.50% and total solids 49.50%. These results is due to 
the decrease in moisture as the ripening progresses for 
4 weeks.

Change in pH of cheese
Changes in pH of the Camembert cheeses salted with the 
4 types salts during 4 weeks ripening are shown in Fig. 2a. 
The initial pHs of the 0  week ripened cheeses salted 
with the four types of salts including refined salt, baked 
refined salt, sun-dried salts and Himalayan rock salt were 
4.93, 4.92, 4.95, and 4.97, respectively, which decreased 
slightly to 4.85, 4.75, 4.74, and 4.75, respectively dur-
ing 1st week ripening. The pH values increased slightly 
continuously during 2nd and 3rd week ripening. The pH 
values of the cheeses with refined salt, baked refined salt, 
sun-dried salts and Himalayan rock salt increased dra-
matically to 6.83, 6.94, 7.12, and 7.05, respectively, during 
final 4th week ripening. The pH of Camembert cheese 
with sun-dried salt was the highest among four types of 
salts. The slight difference in pH depending on the types 
of salt was considered to be due to the difference in the 
components of refined salts and non-refined salts. These 
outcomes of our study on the Camembert cheeses were 
in agreement with the previous several reports. Schlesser 
et al. [2] also observed that pH of the Camembert cheese 
increased rapidly from 4.5 to 6.4 after 50 days ripening. 
Salt concentration had major influences on proteolysis 

and pH changes, as well as on surface mold growth. As 
the pH of the surface of the cheese increases, calcium 
phosphate precipitates as a layer of Ca3(PO4)2, which 
results in a calcium phosphate gradient from center to 
surface and the migration of calcium phosphate towards 
the surface. Reduction in the concentration of calcium 
phosphate, together with increased pH and proteolysis, 
results in softening if the interior, which is characteristic 
of mature Camembert-type cheese [23].

Change in viable cell count
Figure  2b displays the changes in viable lactic acid bac-
teria (LAB) of the Camembert cheeses salted with the 4 
types salts during 4  weeks ripening. The general trend 
of the number of LAB revealed that there were similar 
decreases in LAB in all the Camembert cheese salted 
with the 4 types salts. The LAB counts of the unrip-
ened cheeses with refined salt, baked refined salts, sun-
dried salt, and Himalayan salt were 1.7 × 1010, 2.0 × 1010, 
1.7 × 1010, and 1.0 × 1010  CFU/ml, respectively, which 
decreased dramatically to 4.7 × 108, 6.0 × 108, 4.2 × 108, 
and 3.6 × 108  CFU/ml, respectively after 2  weeks rip-
ening. They then decreased to 1.4 × 108, 1.6 × 108, 
1.3 × 108  and 1.3 × 108  CFU/ml, respectively, after the 
final 4  weeks ripening. Lactose depletion by mold and 
LAB and salt addition might be accountable for the 
decreases of LAB during ripening. These results sug-
gested that since starter culture was affected by the 4 type 
salts, there was slight difference in the growth during 
Camembert cheese ripening.

Change in water soluble nitrogen (WSN)
Changes in water soluble nitrogen levels of the Cam-
embert cheeses during 4  weeks ripening are shown in 
Fig. 2c. Proteolysis occurred during cheese ripening with 
concomitant effects of increased storage time and stor-
age temperature [24, 25]. Increase of WSN in the cheeses 
indicates protein degradation in the cheese products. The 
WSN levels gradually increased, especially after 2 weeks 
ripening. The WSN levels in the cheese with refined salt 
(104.77 µg/g), baked refined salt (106.92 µg/g), sun-dried 
salt (105.69 µg/g), and Himalayan rock salt (109.23 µg/g) 
increased at the final 4  weeks ripening. These results 
suggested that since chymotrypsin (rennet) and starter 
culture were affected by 4 type salts, there was a slight 
difference in the hydrolysis of casein during Camem-
bert cheese ripening. Schlesser et  al. [2] reported that 
the amount of acid soluble nitrogen level of Camembert 
cheese increased to about 50% after 50 days ripening.

Change in lactose and organic acid
Lactate metabolism is perhaps of most importance in 
the ripeninh of surface mold-ripened cheeses (example 
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Fig. 2  Changes of pH, viable cell count, and amount of tyrosine (WSN) during 4 weeks ripening of the Camembert cheeses salted with the four 
types of salts. ○–○: refined salt, □–□: baked refined salt, ◊–◊: sun-dried salt, ∆–∆: Himalayan rock salt
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Camembert and Brie). Geotrichum candidum and 
Penicillium camembert rapidly metabolize lactate oxi-
datively to CO2 and O2, thus deacidifying the cheese sur-
face [23]. Changes in carbohydrates of the Camembert 
cheeses salted with 4 types salts during 4  weeks ripen-
ing are shown in Fig.  3. The order of concentrations of 
carbohydrates of all the 0  week ripened cheeses were: 
lactose > glucose > galactose. Lactose, glucose, and galac-
tose gradually decreased throughout 4  weeks ripening 
period. Lactose, glucose, and galactose might be hydro-
lyzed and utilized by lactic acid bacteria and mold and 

then disappeared mostly after 4 weeks ripening. Changes 
of the carbohydrates were nearly similar among all the 
cheeses.

Changes of organic acids in the Camembert cheeses 
salted with 4 types salts during 4  weeks ripening are 
shown in Fig. 4. Organic acid levels of the 0 week rip-
ened cheese in the order of concentrations were: lactic 
acid > oxalic acid > citric acid > propionic acid > butyric 
acid. The organic acids rapidly decreased after 2 weeks 
ripening. Lactic acid remained at low level in the 
cheeses with sun-dried salt and Himalayan rock salt. 

Fig. 3  Changes during 4 week ripening of carbohydrates in the Camembert cheeses salted with the four types of salts. a Refined salt, b baked 
refined salt, c sun-dried salt, d Himalayan rock salt, 0 w: 0 week ripening, 2 w: 2 weeks ripening, 4 w: 4 weeks ripening, 1: lactose, 2: glucose 3: 
galactose
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Oxalic acid remained at low level in all the cheeses, 
Propionic acid and butyric acid disappeared mostly 
during 2 weeks ripening. After 4 weeks ripening, only 
oxalic acid was found in significant amounts, suggest-
ing that organic acid decreased continuously during 
4  weeks ripening. Changes of organic acids during 
ripening also were almost similar among the cheeses. 
Our results are in agreement with Shin et al. [26], who 
observed that all organic acids continuously decreased 
during ripening in Emmental cheese.

Change in hydrolysis of protein
Proteolysis is the most complex and, in most varieties, 
the most important of the primary biochemical events 
that occur in most cheese during ripening. Amino acid 
catabolism leads to production of flavor compounds. 
The chymosin, the starter culture, and the mold pro-
teases hydrolyzed the para-casein into proteose-pep-
tone, a smaller polypeptide [2]. Hydrolysis of protein in 
the Camembert cheeses salted with 4 types salts dur-
ing 4  weeks ripening is also displayed in Fig.  5. Casein 

Fig. 4  Changes during 4 weeks ripening of organic acids in the Camembert cheeses with the four types of salts. a refined salt, b baked refined salt, 
c sun-dried salt, d Himalayan rock salt, 0 w: 0 week ripening, 2 w: 2 weeks ripening, 4 w: 4 weeks ripening, 1: oxalic acid, 2: citric acid, 3: lactic acid, 4: 
propionic acid, 5: butyric acid
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contents dramatically decreased in all the Camembert 
cheeses salted with 4 types salts during 4 weeks ripening. 
Degradation of both α-casein and β-casein proceeded in 
sequential manner during 4  weeks ripening. As shown 
in Fig.  5A, the first step of ripening procedure may be 
hydrolysis of casein into large peptides of no bitter taste 
by rennet. The peptides in the cheeses separated by 
HPLC were observed at retention time of 17 to 22 min. 
The shapes of peaks were simple, broad, and dull. As 
shown in Fig. 5B, small peptides were formed after rip-
ening by lactic acid bacteria and rennet. The peptides 
in the cheeses after 2  weeks ripening were separated at 
retention time of 17 to 22 min. The peptides were sepa-
rated sharply into 2 peaks. A small peak appeared at 
retention time of 17.5 to 18 min and the other large peak 
occurred at retention time of 19 to 22 min. As shown in 
Fig.  5c, savory peptides and amino acids by peptidases 

from starter and non-starter microorganisms was formed 
after more than 2  weeks ripening. The major 2 peaks 
were small sharp peaks with retention times of 17.5 and 
22 min. Elevation of protein degradation in all the cheeses 
salted with 4 types salts during 4  weeks ripening might 
be due to increase in solubility of casein at the elevated 
pH and hydrolysis of casein by plasmin and proteases 
produced by lactic acid bacteria and fungi. The hydroly-
sis pattern of proteins were similar for the 4 types of salts 
cheeses. However, low-molecular peptides were more 
produced in refined salted cheese after 4  weeks ripen-
ing. The hydrolysis of αs1-casein by milk clotting enzymes 
is greatly influenced by the concentration of NaCl. The 
inhibitory effect of NaCl on proteolysis of sodium casein-
ate including αs1-casein and β-casein is pH-dependent, as 
the extent of inhibition generally decreases at pH in the 
range 6.6-5.4 [27, 28].

Fig. 5  Changes during 4 weeks ripening in proteolysis of the Camembert cheeses salted with the four types of salts. a 0 week ripening, b 2 weeks 
ripening, c 4 weeks ripening, 1: refined salt, 2: baked refined salt, 3: sun-dried salt, 4: Himalayan rock salt
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Change in volatile fatty acids
Most of the studies on the volatile components of soft 
cheeses have centered on mold-ripened cheeses such as 
Camembert, Brie, and blue cheeses. In most soft cheeses, 
the preliminary studies concentrated on the volatile fatty 

acids which are the most abundant compounds in the 
volatile fraction. The short chain fatty acids are the most 
important quantitatively in Camembert cheese [29]. The 
most lipolytic organisms associated with cheese are Peni-
cillium spp., which grow on or in mold-ripened varieties 

Fig. 6  Identification of volatile compounds in the Camembert cheeses salted with the four types of salts after 4 weeks ripening. a, b refined salt, b, f 
baked refined salt, c, g sun-dried salt, d, h Himalayan rock salt. a–d 0 week ripening, e–h 4 weeks ripening, 1: Palmitic acid, 2: Stearic acid
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[30]. Penicillium camemberti produces an extracellular 
lipase that is optimally active on tributyrin at pH 9 and 
35 °C [31].

Changes in volatile fatty acids in the Camembert 
cheeses salted with the four types of salts during 4 weeks 
ripening are shown in Fig. 6 and Table 2. Compositions 
of fatty acids of the 0  week ripened cheeses showed 
similar patterns in volatile fatty acid concentrations in 
descending order, as palmitic acid > stearic acid > myris-
tic acid > lauric acid. However, the opposite pattern was 
shown after 4  weeks ripening in the cheeses as stearic 
acid > palmitic acid > myristic acid > lauric acid. The levels 

Table 2  Flavor notes of  several fatty acids found 
in Camembert cheese

Molimard and Spinnler [33]

Peak no. Compounds Retention 
time (min)

Flavor note

1 Dodecanoic acid 14.39 Fatty, rancid

2 Tetradecanoic acid 17.11 Unknown

3 Hexadecanoic acid 19.15 Waxy, pungent, blue cheese

4 Octadecanoic acid 21.02 Unpleasant, oily, goaty, 
soapy, waxy, musty, ran‑
cid, fruity, sour, sweaty

Table 3  Change of texture characteristics during ripening of the Camembert cheeses salted with the four types of salts a

NS not significant different
a  Data are expressed as mean value ± SD of five replicates; different superscript letters within a column refer to statistically significant differences (Duncan test, 
p < 0.05)

Age of cheese 
(week)

Four types of salts Hardness (g) Springiness Cohesiveness Gumminess (g) Chewiness (g)

0 Refined 1490.15 ± 15.94b 1.01 ± 0.01a 0.62 ± 0.01a 914.70 ± 38.35b 955.64 ± 15.56b

Baked refined 1407.74 ± 68.67b 0.99 ± 0.01b 0.53 ± 0.06b 596.04 ± 49.10c 594.73 ± 48.86c

Sun-dried 2387.42 ± 163.69a 0.10 ± 0.01b 0.65 ± 0.04a 1468.67 ± 262.35b 1462.28 ± 269.36a

Himalayan rock 2160.10 ± 95.56a 1.00 ± 0.00ab 0.64 ± 0.01a 1386.61 ± 68.11b 1384.90 ± 68.31a

1 Refined 1470.15 ± 15.94a 1.00 ± 0.00a 0.61 ± 0.02NS 914.70 ± 38.35a 915.64 ± 39.21a

Baked refined 1246.11 ± 67.02c 1.00 ± 0.00a 0.64 ± 0.02 794.24 ± 15.69b 732.19 ± 16.37b

Sun-dried 1317.04 ± 114.84bc 0.97 ± 0.00c 0.67 ± 0.01 887.08 ± 76.51a 862.08 ± 75.90a

Himalayan rock 1460.90 ± 171.46ab 1.00 ± 0.02b 0.62 ± 0.07 893.37 ± 4.98a 884.65 ± 20.79a

2 Refined 61.56 ± 4.85a 0.99 ± 0.02a 0.54 ± 0.03a 33.05 ± 0.71a 32.75 ± 0.19a

Baked refined 46.89 ± 6.21b 0.97 ± 0.02b 0.43 ± 0.05b 20.32 ± 3.32b 21.03 ± 1.69b

Sun-dried 60.74 ± 5.11a 1.00 ± 0.01a 0.49 ± 0.10ab 29.54 ± 4.08a 29.44 ± 3.94a

Himalayan rock 56.82 ± 14.20ab 1.00 ± 0.00a 0.48 ± 0.03ab 27.67 ± 8.16a 27.63 ± 8.17a

3 Refined 59.54 ± 0.00NS 1.01 ± 0.00a 0.37 ± 0.00b 21.70 ± 0.00NS 21.87 ± 0.00NS

Baked refined 48.30 ± 11.17 0.99 ± 0.01b 0.48 ± 0.12a 22.65 ± 4.91 22.50 ± 4.92

Sun-dried 58.14 ± 14.39 0.98 ± 0.0c 0.53 ± 0.02a 30.65 ± 6.43 30.11 ± 6.20

Himalayan rock 56.32 ± 11.04 1.00 ± 0.00b 0.37 ± 0.08b 20.70 ± 8.97 20.62 ± 9.01

4 Refined 57.21 ± 1.27a 0.98 ± 0.02NS 0.39 ± 0.01b 22.09 ± 0.83b 21.70 ± 0.33b

Baked refined 54.73 ± 7.26ab 0.98 ± 0.02 0.52 ± 0.04a 28.57 ± 5.10a 28.09 ± 4.80a

Sun-dried 48.50 ± 3.78b 0.95 ± 0.03 0.44 ± 0.07b 21.06 ± 1.84b 20.05 ± 2.11b

Himalayan rock 57.75 ± 5.54a 0.95 ± 0.05 0.43 ± 0.07b 24.95 ± 5.35ab 24.01 ± 6.09ab

Table 4  Sensory characteristics of the Camembert cheeses ripened for 4 weeks with the four types of salts

NS not significant different
a  Data are expressed as mean value ± SD of five replicates; different superscript letters within a row refer to statistically significant differences (Duncan test, p < 0.05)

Sensory characteristics Four types of salts

Refined Baked refined Sun-dried Himalayan rock

Hardness 4.29 ± 0.99NS 4.21 ± 1.12 4.71 ± 1.07 4.71 ± 1.07

Flavor 3.64 ± 0.84NS 4.36 ± 1.34 3.64 ± 1.28 4.21 ± 1.53

Bitterness 2.42 ± 1.22b 4.00 ± 1.88a 3.79 ± 1.76a 3.71 ± 1.68a

Salty 3.21 ± 1.05b 4.14 ± 1.66a 3.36 ± 1.34b 3.86 ± 1.56ab

Taste 5.00 ± 1.11a 4.14 ± 1.66ab 4.07 ± 1.33ab 3.71 ± 1.27b
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of stearic acid and palmitic acid in descending order were 
refined salt cheese > sun-dried salt cheese > baked refined 
salt cheese > Himalayan rock salt cheese.

It was suggested that unpleasant flavor (goaty, soapy, 
waxy, musty, rancid, sour) may have been converted 
to a milder flavor due to sun-dried salt, baked salt and 
Himalayan rock salt. These results were same as the data 
reported by Molimard and Spinnler [32], and Sablé and 
Cottenceau [29]. Volatile fatty acid concentrations of 
the Camembert cheeses in descending order was stearic 
acid > palmitic acid > myristic acid > lauric acid. Lipolysis 
is particularly important in soft cheeses such as Camem-
bert, where free fatty acids can be generated up to 10% of 
the total fatty acids present [33].

Change in texture
Textural properties of the Camembert cheeses salted with 
the four types of salts were compared during 4 weeks rip-
ening period (Table  3). With respect to hardness of the 
Camembert cheeses, most significant decreases occurred 
during between 1  week ripening and 2  weeks ripen-
ing. Hardness of the 0  week ripening cheeses and the 
cheese after 1  week ripening was substantially higher 
than those after 2-4  weeks ripening. Hardness of the 
cheeses with refined salt at 0, 1, 2, 3, and 4 weeks ripen-
ing were 1490.15 ± 15.94, 1470.15 ± 15.94, 61.56 ± 4.85, 
59.54 ± 0.00, and 57.21 ± 1.27, respectively. Hardness of 
the cheeses with sun-dried salt at 0, 1, 2, 3, and 4 weeks 
ripening were 2387.42 ± 163.69, 1317.04 ± 114.84, 
60.74 ± 5.11, 58.14 ± 14.39, and 48.50 ± 3.78, respectively. 
Especially, hardness of the cheese baked refined salt was 
the lowest (1407.74 ± 68.67) and sun-dried salt was high-
est (2387.42 ± 163.69) at 0 week ripening.

These radical changes in hardness values appeared 
to be caused by the possible decomposition of cheese 
proteins (caseins) which might have strong proteolytic 
enzymes secreted by the fungus at the beginning of the 
2 weeks ripening period. It is suggest that kinds of salts 
may have been influence on enzyme activity in Camem-
bert cheese. Similar results have been reported by several 
previous [20, 24, 25, 34, 35] who showed that hardness 
decreased with ripening of cheeses. The textural property 
trends of gumminess and chewiness are similar to those 
of hardness, where the values of gumminess and chewi-
ness up to one week ripening were substantially higher 
than those of 2 to 4  weeks ripening periods in 4 kinds 
of salted Camembert cheese (Table 3). Also, gumminess 
and chewiness of baked refined salted Camembert cheese 
were the lowest among the 4 kinds of salted Camembert 
cheese at 0  week ripening. For the 4  weeks of ripening 
period, the baked refined salt Camembert cheese showed 
higher gumminess and chewiness values than other salts 
Camembert cheese. Although there were some variations 

between 4 kinds of salts Camembert cheeses in differ-
ent ripening periods, springiness did not show signifi-
cant differences among ripening periods (0 to 4 weeks), 
cohesiveness shown differences between 0-1  weeks and 
2-4 weeks ripening periods (Table 3).

Sensory evaluation
Sensory scores of the Camembert cheeses salted 
with 4 types of salts are shown in Table  4. Hardness of 
the cheeses with sun-dried salt and Himalayan rock 
salt, which are non-refined salt cheese was equal to 
4.71 ± 1.07. Hardness of the cheeses with refined salt 
and baked refined salt were 4.29 ± 0.99 and 4.21 ± 1.12, 
respectively, which was lower than of non-refined salt 
cheese. Meanwhile, the flavor, bitterness, and salty 
score of the cheese with refined salt were the lowest 
of all the cheeses. Their taste scores were in descend-
ing order, refined salt (5.00 ± 1.11) > baked refined 
(4.14 ± 1.66) > sun-dried salt (4.07 ± 1.33) > Himalayan 
rock salt (3.71 ± 1.27). The taste score of the cheeses 
with refined salt was the highest of all the cheeses. These 
results were considered to be due to the difference in 
composition between refined salt and non-refined salt. 
The refined salt and baked refined salt have higher purity, 
whereas sun-dried salt and Himalayan rock salt contain 
impurities such as magnesium, potassium and calcium.

The Camembert cheeses salted with the four types of 
salts displayed a little different patterns in pH, viable cell 
counts, WSN, carbohydrates hydrolysis, organic acids, 
texture, proteolysis, volatile compounds, and sensory 
properties after ripening for 4 weeks. The taste score of 
Camembert cheese with refined salt was significantly 
higher than those with other three types of salts. In con-
clusion, refined salt without impurities should be recom-
mended for Camembert cheese manufacturing.
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