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ABSTRACT:

The aim of the research was the analysis of the chemical composition, acidity and colour parameters of 
Camembert cheeses available in retail shops. The analysed material consisted of 48 samples of ripened 
Camembert rennet cheese.  The cheeses came from two well-known producers (brand A and B), and 
were purchased in the area of two provinces: Kujawsko-Pomorskie (24 pieces) and Warmińsko-Mazur-
skie (24 pieces). The cheeses were divided into 4 experimental groups, depending on the producer, 
each containing 12 samples. Quantity and quality analyses included marking the water content, total 
protein, fat, total acidity (°SH) and colour parameters (L*, a*, b*), and calculating the whiteness index 
(WI). Results showed that brand A cheeses purchased in the Warmińsko-Mazurskie province contained 
the highest amount of water and fat, whereas brand B cheeses purchased in both provinces had the 
lowest total acidity. As concerns the colour yellow, it was significantly more vivid in brand A cheeses 
bought in both provinces. Brand B cheeses bought in the Warmińsko-Mazurskie province had the high-
est L* parameter of the interior. The whiteness index (WI) calculated on the surface and in the interior 
of the samples was considerably higher for B cheeses purchased in both provinces, which explains their 
lighter colour.
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Skład chemiczny oraz właściwości fizykochemiczne serów Camembert 
dostępnych w sprzedaży detalicznej

Słowa kluczowe: ser Camembert, skład chemiczny, kwasowość, parametry barwy

STRESZCZENIE:

Celem badań była analiza składu chemicznego, kwasowości oraz parametrów barwy serów Camem-
bert dostępnych w sprzedaży detalicznej. Materiał badawczy stanowił ser podpuszczkowy dojrzewający 
typu Camembert w ilości 48 sztuk. Sery pochodziły od dwóch znanych producentów (A i B) i zostały 
zakupione na terenie dwóch województw, a mianowicie kujawsko-pomorskiego (24 szt.) i warmińsko-
-mazurskiego (24 szt.). W zależności od producenta sery podzielono na 4 grupy doświadczalne, w każdej 
po 12 sztuk. Analizy ilościowo-jakościowe obejmowały oznaczanie: zawartości wody, białka ogólnego, 
tłuszczu, kwasowości ogólnej (°SH) i parametrów barwy (L*, a*, b*) oraz wyliczono indeks jasności (WI). 
Na podstawie uzyskanych wyników odnotowano, że największą zawartością wody i tłuszczu charakte-
ryzowały się sery producenta A zakupione w województwie warmińsko-mazurskim. Najniższą kwaso-
wością ogólną odznaczały się sery Camembert marki B zakupione w obu województwach. W przypadku 
barwy żółtej istotnie wyższym udziałem charakteryzowała się powierzchnia serów marki A pochodzą-
cych z obu województw. Wykazano, że istotnie najwyższą wartością parametru L* miąższu odznaczały 
się sery producenta B zakupione w województwie warmińsko-mazurskim. Natomiast wartość indeksu 
jasności (WI) określona na powierzchni i w miąższu prób była istotnie najwyższa dla produktów marki B, 
zakupionych w obu województwach, co wskazuje na ich jaśniejszą barwę.

1. INTRODUCTION

The consumption of white mould cheeses in Po-
land is low (7%) as compared to other countries 
in the European Union with developed consump-
tion culture of these products [1]. Additionally, 
those cheeses are perceived as expensive and 
because of their specific organoleptic features  
a significant number of consumers does not se-
lect them. Nevertheless, in the past few years 
their consumption has been slowly increasing as  
a result of promotional and advertising campaigns 
launched by producers [2, 3]. There are two kinds 
of mould cheeses: white mould cheeses such 
as Camembert and Brie and blue mould chees-
es such as Roquefort [4, 5]. The increase results 
mainly from the fact that more and more people 
are buying Camembert cheese, which constitutes 
an important part of the mould cheese segment 
in Poland. Those cheeses are consumed in sand-
wiches, salads, casseroles and as an individual 
grilled snack [6]. At the same time, they belong 
to high calorie products with 300 kcal per 100 g 
for an average Camembert cheese and 360 kcal 
per 100 g for Rokpol. Mould cheeses contain 
considerably high fat levels (24.3-31.0 g/100 g). 
Moreover, they have high calcium content (390-

600 mg/100 g) and are a rich source of complete 
protein (19.8-22.6 g/100 g) [2].
Mould cheeses belong to a specific group of rip-
ened rennet cheeses which, when ripened in 
suitable conditions, develop exquisite flavours, 
aroma and texture resulting from the presence of 
selected microbiological bacteria and the meth-
ods of production [4, 5, 7]. The characteristic fea-
ture of this type of cheese is its soft, almost liquid 
texture with pale yellow colour and a white soft 
rind. The original Camembert is made from pas-
teurised cow milk and has a shape of a flat cyl-
inder [7, 8]. Its mild, a bit salty and mushroomy 
flavour and an earthy aroma are the effect of the 
presence of Penicillium camemberti bacteria used 
during the production process. As a result of us-
ing the bacteria, the rind of the cheese is covered 
with soft white mould, which additionally pre-
vents the moisture in the interior from drying [4, 
5]. There are a few European countries famous 
for the production of excellent mould cheeses. 
However, the majority of traditionally produced 
cheeses come from France [9].
The aim of this research was an analysis of the 
chemical composition, acidity and colour param-
eters of Camembert cheeses available in retail 
shops.   
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2. METHODOLOGY OF RESEARCH

The analysed material consisted of 48 pieces of 
ripened Camembert rennet cheese (high fat) 
purchased in hypermarkets in two provinces: 
Kujawsko-Pomorskie and Warmińsko-Mazurskie. 
The cheeses came from two dairy producers 
(brand A and B) well-known in the Polish market, 
24 samples from each one. Both brands were 
made from pasteurised cow milk, salt, dairy start-
er cultures and microbiological rennet. Brand 
A cheeses contained spores of Penicillium can-
didum mould plus calcium chloride serving as  
a stabiliser, whereas brand B cheeses apart from 
Penicillium candidum contained spores of Geo-
trichum candidum. All tested samples came in 
a shape of a flat cylinder with a diameter of ap-
proximately 9 cm, were 2.5 cm high and weighed 
120 grams net. The tests were conducted before 
the expiry date declared by the producer, i.e. 
until May 13th 2017 and all samples came from 
the same batch. After the purchase, the chees-
es were immediately transported in a portable 
isothermal fridge in the temperature of 4 ±1°C to  
a specialist laboratory of the University of Warmia 
and Mazury in Olsztyn in order to perform quality 
and quantity analyses.  
The cheeses were pounded in a mortar into  
a homogenous pulp, later thoroughly mixed, so 
as to prepare the samples for analysis.  The tests 
included the determination of water content by 
drying in the temperature of 130°C (technical 
method), total protein content by the Kjeldahl 
method, using the nitrogen conversion factor 
for milk protein – 6.38, fat content in Van Gulik 
butyrometer (technical method). The fat con-
tent was calculated with a formula: the per-
centage of fat as seen on the butyrometer scale  
× 100/100 – the water content in the cheese  
(in %) and the measurement of total acidity (°SH) 
according to PN-73/A-86232 standard [10]. The 
colours in Camembert cheeses were described 
according to parameters L*, a*, b*  in CIELAB sys-
tem [11] with a reflection method by MiniScan 
XE Plus apparatus made by HunterLab through  
a direct triple measurement of the rind and inte-
rior (Fig. 1 and 2), performed in the same mea-
suring point. D65 source of light and 10 degree 
standard colorimetric observer were applied. The 
measurements were taken immediately after un-
packing the cheeses. The apparatus was calibrat-
ed against black and white pattern before every 
measurement.  

In addition, the achieved L*, a*, b* parameters 
were used to calculate the whiteness index WI 
with a following formula [8]:

The achieved results were interpreted according 
to statistical analysis and basic measurements 
were calculated (x, s). The significant differences 
(p ≤ 0.05 and p ≤ 0.01) between the results of the 
analysed qualities in experimental groups were 
described with t-Student test, using a licensed 
software Statistica version 13.1 [12].

3. RESULTS AND DISCUSSION

Organoleptic and physicochemical properties, 
which have an effect on the quality of a ready 
product, should meet the PN-68/A-86230 stan-
dard specifications [13]. According to the afore-
mentioned specifications, high fat Camembert 
cheese should contain no more than 56% of wa-
ter and no less than 45% of fat in dry matter.  The 
products meeting the abovementioned standards 
may win the approval of the consumers [14].

Figure 1 Measurement places of the colour for the rind  
of Camembert cheese (own research)

Figure 2 Measurement places of the colour at the core  
of Camembert cheese (own research)

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 100 −�(100 − 𝐿𝐿𝐿𝐿)2 + 𝑎𝑎𝑎𝑎2 + 𝑏𝑏𝑏𝑏2 

 

101Chemical composition and physicochemical properties of Camembert cheeses available in retail shops



ABiD 1/2019106

Based upon the data presented in Table 1, a signif-
icant difference (p ≤ 0.01) was noted in the total 
water content (expressed in percentages) in the 
analysed cheese groups bought in the Warmińsko- 
-Mazurskie province. Brand A cheeses showed 
the highest water content (28.34%) as compared 
to brand B cheeses (26.07%). No statistical differ-
ences were found between the total protein con-
tent in the tested cheeses, which amounted to an 
average value of 17.21%. In the performed exper-
iment (Tab. 1) a significant difference (p ≤ 0.01) in 
fat content was found in cheeses bought in the 
Warmińsko-Mazurskie province. Brand A sam-
ples had a considerably higher fat content (3.15% 
more) than brand B cheeses (43.97%). Own tests 
(Tab. 1) showed that brand A mould cheeses dis-
played higher levels of total acidity (16.80°SH) in 
comparison to brand B cheeses (11.80°SH), which 
was statistically confirmed (p ≤ 0.01).
Own research (Tab. 2) shows that brand B chees-
es purchased in the Kujawsko-Pomorskie prov-
ince had a higher water content and total protein 
than brand A, i.e. 0.15% and 0.25% more, respec-
tively. Despite no statistical differences, brand A 
mould cheeses had higher fat content (44.42%) 
than brand B cheeses (43.40%). The results con-
firm significantly (p ≤ 0.01) higher total acidity 

Table 1 Analysis of chemical composition and total acidity of Camembert cheese purchased  
in the Warmińsko-Mazurskie province depending on the producer (x ±s)

Specification
Cheese producer

p-valueA 
(n = 12)

B
(n = 12)

Water content (%) 28.34A ±0.78 26.86B ±0.93 ≤0.001
Total protein (%) 17.09 ±0.27 17.33 ±0.33 0.245

Fat in dry matter (%) 47.12A ±0.91 43.97B ±0.98 ≤0.001
Total acidity (°SH) 16.80A ±0.92 11.80B ±0.47 ≤0.001

A, B – mean values marked with different letters in the lines are significantly statistically different p ≤ 0.01

Table 2 Analysis of chemical composition and total acidity of Camembert cheeses bought in Kujawsko-Pomorskie  
province depending on the producer (x ±s)

Specification
Cheese producer

p-valueA 
(n = 12)

B
(n = 12)

Water content (%) 25.92 ±0.78 26.07 ±0.80 0.667
Total protein (%) 16.93 ±0.50 17.18 ±0.26 0.338

Fat in dry matter (%) 44.42 ±0.99 43.40 ±0.38 0.072
Total acidity (°SH) 16.80A ±0.97 14.00B ±0.67 ≤0.001

A, B – mean values marked with different letters in the lines are significantly statistically different p ≤ 0.01

(2.80°SH more) in brand A cheeses as compared 
to brand B cheeses  (14.00°SH). 
According to Boutrou et al. [15] the composi-
tion of the water phase in cheese changes con-
stantly during ripening as a result of activity of 
numerous enzymes, including lactic and rennet 
enzymes, extracellular enzymes in bacteria and 
fungi and intracellular enzymes formed by lactic 
acid bacteria. The cheese matrix and water phase 
are dynamic systems whose composition varies 
depending on the type of cheese and stage of 
ripening. As a consequence, water in Camembert 
cheese is found less frequently than in Emmen-
tal cheese. In an experiment conducted by Rodri-
guez-Aguilera et al. [8, 16] the initial water con-
tent in mould Camembert cheeses amounted to 
0.559 and 0.503 g/g of dry matter. According to 
Batta et alia [9], the water content in Camembert 
cheese amounted from 53.15% to 57.99% and the 
general protein content amounted from 15.43% 
to 18.34% in dry matter. Galli et al. [5] achieved 
similar results, with the water content in Camem-
bert cheese amounting from 54.94% to 57.77%. 
According to Czechowska-Liszka [14] the water 
content in Camembert cheese (cream) amounted 
to 52.0% and did not exceed the value required 
by appropriate standards. On the other hand, 
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Caldeo and McSweeney’s research [17] revealed 
a higher content of total protein in Camembert 
cheese amounting to 31.89% and lower fat con-
tent amounting to 32%. 12 days after producing, 
the protein and fat content in Camembert chees-
es amounted to 16.20% and 23.38%, respectively 
[18]. According to Voigt et al. [19] on the thirtieth 
day of ripening in the temperature of 13°C, total 
protein content in Camembert cheeses produced 
from raw (non-pasteurised) milk amounted to 
19.76%. Vassal et al. [20] noted a significantly 
lower amount of fat, with fat content in the rind 
amounting to 22.23% and to 22.37% in the interi-
or. Schlesser et al. [21] observed that the protein 
and fat content increases during the ripening pro-
cess from an initial value of 15.8% and 21.1% to 
17.2% and 24%, respectively. According to Voigt 
et alia [19], the fat content in Camembert cheese 
made from raw milk amounted to 22.59% only. 
According to Guizani et al. [22], the fat content 
in the rind and interior during a 30-day ripening 
process on average amounted to 47.13 g/100 g of 
dry matter. Research conducted by Czechowska- 
-Liszka [14] confirms that the total acidity in the 
analysed Camembert cheeses (cream) amount-
ed even to 20°SH and did not have a negative in-
fluence on their overall quality. During ripening 
of mould cheeses the level of acidity increases, 
which results from the metabolism of lactic acid 
and deamination of amino acids with a simulta-
neous release of NH3 on the cheese surface [8].
Colorimetric measurements of dairy products 
provide essential information about their qual-
ity and changes occurring during their storage.  

Colorimetric measurements are increasingly ap-
plied during the production of dairy products in 
order to monitor the course of the production 
cycle.  Quite frequently the optimisation process 
and the choice of suitable conditions of the tech-
nological process is based on the measurements 
[23]. The colour of the surface of Camembert 
cheeses is an important quality marker, as the 
rind covered with snow-white mould is associ-
ated with the characteristic flavour and aroma 
of those products [16]. Research (Tab. 3) made 
it possible to evaluate the colour parameters 
of the rind and interior of   Camembert cheese 
depending on a producer purchased in the War- 
mińsko-Mazurskie province. As concerns parame-
ter L*, no statistically significant differences were 
noted among the analysed groups of cheeses and  
a mean value of the rind whiteness amounted to 
95.74. The research shows that the rind in brand 
A cheese had a significantly lower (p ≤ 0.01) 
negative value of red (a* = -0.16) as compared 
to brand B cheese (a* = -0.27). Higher negative 
values of a* parameter prove that the red colour 
spectrum has shifted towards green. A significant 
difference (p ≤ 0.01) was noted in yellow rind 
of brand A Camembert cheese as compared to 
brand B cheese. The highest b* parameter was 
found in the rind of brand A cheese (5.90). The 
results confirm that brand B cheese had a signifi-
cantly (p ≤ 0.01) higher whiteness index (WI) – 
93.47 as compared to 92.65 in brand A cheese.
Own research (Tab. 3) shows that brand B samples 
had a significantly (p ≤ 0.01) whiter interior with  
a higher L* parameter amounting to 91.07. Anal-

Table 3 Colour parameters of Camembert cheeses purchased in the Warmińsko-Mazurskie province  
depending on the producer (x ±s)

Specification
Cheese producer

p-valueA 
(n = 12)

B
(n = 12)

Rind colour parameters
L* 95.64 ±0.51 95.84 ±0.45 0.359
a* -0.16B ±0.07 -0.27A ±0.03 ≤0.001
b* 5.90A ±0.30 5.02B ±0.43 ≤0.001

WI  
(whiteness index) 92.65B ±0.44 93.47A ±0.51 ≤0.001

Interior colour parameters
L* 90.20B ±0.70 91.07A ±0.49 0.004
a* 1.90A ±0.26 1.33B ±0.09 ≤0.001
b* 20.78A ±0.64 19.94B ±0.60 0.007

WI  
(whiteness index) 76.94B ±0.75 78.11A ±0.69 ≤0.001

A, B – mean values marked with different letters in the lines are significantly statistically different p ≤ 0.01
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ysis of red/green and yellow/blue tint changes  
in the spectrum in the interior confirm a signif-
icant (p ≤ 0.01) influence of the producer on 
red and yellow content. The interior of brand 
A cheeses had a higher level of red and yellow 
tint, with a* = 1.90 and b* = 20.78, respective-
ly as compared to brand B cheese. On the oth-
er hand, brand B cheeses had a significantly  
(p ≤ 0.01) higher whiteness index in the interior 
(WI = 78.11) as compared to brand A (WI = 76.94),  
which corresponds with the higher whiteness  
value.
Table 4 shows results of parameters of rind and 
interior colour parameters in brand A and B 
Camembert cheeses purchased in the Kujawsko- 
-Pomorskie province. Own research does not re-
veal statistical differences in whiteness (L*) and 
red tint (a*) in the rind of the analysed products. 
Mean values of L* and a* parameters were simi-
lar and amounted to 95.73 and -0.26, respective-
ly. A significantly (p ≤ 0.01) higher value (0.78) of 
yellow colour parameters in the rind was found in 
brand A cheeses as compared to brand B chees-
es (b* = 5.26). As far as the whiteness index is 
concerned, brand B samples had the whitest rind  
(WI = 93.20) as compared to brand A (WI = 92.60), 
which was statistically confirmed (p ≤ 0.01).
No statistically significant differences were ob-
served in the whiteness of the interior in brand 
A and B Camembert cheeses purchased in the 
Kujawsko-Pomorskie province during the param-
eter analysis. The mean value of L* parameter 
amounted to 91.23 (Tab. 4). Research shows that 
the content of red and yellow in the interior was 

Table 4 Colour parameters of Camembert cheeses purchased in the Kujawsko-Pomorskie  
province depending on the producer (x ±s)

Specification
Cheese producer

p-valueA
(n = 12)

B
(n = 12)

Rind colour parameters
L* 95.76 ±0.47 95.71 ±0.39 0.811
a* -0.26 ±0.07 -0.27 ±0.05 0.729
b* 6.04A ±0.51 5.26B ±0.45 ≤0.001

WI  
(whiteness index) 92.60B ±0.60 93.20A ±0.46 0.023

Interior colour param-
eters

L* 91.10 ±0.55 91.35 ±0.61 0.344
a* 1.81A ±0.11 1.08B ±0.16 ≤0.001
b* 21.95A ±1.04 19.65B ±0.45 ≤0.001

WI  
(whiteness index) 76.24B ±1.14 78.50A ±0.63 ≤0.001

A, B – mean values marked with different letters in the lines are significantly statistically different p ≤ 0.01

significantly higher (p ≤ 0.01) in brand A samples 
(0.73 and 2.30 more, respectively), as compared 
to brand B cheeses, in which the analysed param-
eters amounted to 1.08 and 19.65, respectively. 
As concerns the whiteness index, the interior in 
brand B cheeses was whiter, as reflected in a sig-
nificantly higher (p ≤ 0.01) value of WI, amount-
ing to 78.50 vs 76.24. According to Calzada et al. 
[4] the interior of Brie cheeses from the control 
group had L*, a* and b* parameters amounting 
to 84.60, 2.73 and 22.63, respectively, whereas 
the rind was very light (L* = 91.34) and had a low 
content of red (a* = 0.12) and yellow (b* = 6.80). 
The experiment conducted by Kneifel et al. [24] 
shows that the whiteness, the red and yellow con-
tent in the rind of Camembert cheeses were 95.7, 
0.1 and 5.2, respectively. The quoted researchers 
confirmed higher yellow content in the interior 
of the analysed cheeses, which was backed up 
by the calculated parameters L* = 85.6, a* = 3.3 
and b* = 26.9. Research conducted by Rodriguez- 
-Aguilera et al. [8, 16] shows that the initial 
whiteness index calculated with L*, a* and b* pa-
rameters measured on the surface of Camembert 
cheeses before storing in a cool place amounted 
to 89.63 and 91.40 and was lower than those cal-
culated in our own research.

4. CONCLUSIONS
 
The obtained results show that brand A chees-
es bought in the Warmińsko-Mazurskie province 
had the highest content of water and fat. Brand B 
samples bought in the Warmińsko-Mazurskie and 

104



ABiD 1/2019 109

Kujawsko-Pomorskie provinces had the lowest 
total acidity. Despite the similarities in the white-
ness in brand A and B cheeses purchased in both 
provinces, the rind displayed a shift from the red 
end to the green end of the spectrum. The lowest 
content of green was found in the rind of brand A 
cheeses purchased in the Warmińsko-Mazurskie 
province. As concerns the colour yellow, the rind 
of brand A cheeses purchased in both provinces 
had a significantly higher content of the colour.  
Brand B cheeses bought in the Warmińsko- 

-Mazurskie province had the significantly highest 
L* parameter of the interior, which corresponded  
with the significantly lower content of red and 
yellow in the interior in the group. The obtained 
data show that red and yellow content in the inte-
rior of brand A cheeses was significantly higher in 
comparison with the same parameters measured 
in B cheeses. The whiteness index measured in 
the rind and in the interior of the samples was 
significantly highest in B samples bought in both 
provinces, as indicated by their whiter colour.

LITERATURE

[1]     Wrabec P., Nie tylko białe i żółte. Handel, 10 (315), (2015), 34-36.
[2]     Czerwińska D., Pleśń smakowita. Prz. Gastr., 6, (2010), 6-7.
[3]     Górska J., Królowie stołu. Forum Mleczarskie, Handel, 6, (2012), 44-47.
[4]    Calzada J., del Olmo A., Picon A., Nuῆez M., Effect of high-pressure-processing on lipolysis and  
      volatile compounds of Brie cheese during ripening and refrigerated storage. Int. Dairy J., 39,  
          (2014), 232-239.
[5]    Galli B. D., José Guilherme Prado Martin J. G., Moreira da Silva P. P., Porto E., Fillet Spoto M. H.,  
        Sensory quality of Camembert-type cheese: Relationship between starter cultures and ripening  
          molds. Int. J. Food Microbiol., 234, (2016), 71-75.
[6]     Bajek E., Biała, szlachetna pleśń z charakterem. Forum Mleczarskie, Handel, 2, (2011), 54-57.
[7]    Olugbenga A. T., Microbiological Quality Analyses of Camembert Cheese Packed in Modified At- 
          mosphere using Perforated Film. Int. J. Agric. Innov. Res., 4, 1, (2015), 61-66.
[8]     Rodriguez-Aguilera R., Oliveira J. C., Montanez J. C., Mahajan P. V., Effect of modified atmosphere  
         packaging on quality factors and shelf-life of surface mould ripened cheese: Part I constant tem- 
          perature. LWT- Food Sci. Technol., 44, (2011a), 330-336. 
[9]     Batty D., Waite-Cusic J. G., Meunier-Goddik L., Influence of cheese-making recipes on the compo- 
          sition and characteristics of Camembert-type cheese. J. Dairy Sci., 102, (2018), 164-176.
[10]   PN-A-86232:1973. Mleko i przetwory mleczarskie. Sery. Metody badań. PKN, Warszawa. 
[11]   CIE. Supplement No 2 to: Recommendations on uniform color spaces, color-difference equations,  
          psychometric color terms. Commission Internationale de L’Éclairage (1971) to (TC-1-3). CIE Publi- 
          cation No 15 (E-1.3.1), Paris, France 1978.
[12]  StatSoft Inc., STATISTICA (data analysis software system), version 13.1. Tulsa, OK, USA, (2016),  
          www.statsoft.com.
[13]   PN-A-86230:1968. Mleko i przetwory mleczarskie. Sery podpuszczkowe dojrzewające. PKN, War- 
          szawa. 
[14]   Czechowska-Liszka M., Jakość serów podpuszczkowych dojrzewających dostępnych w handlu de- 
          talicznym na terenie Krakowa. Zesz. Nauk. UEK, 743, (2007), 135-147.
[15]   Boutrou R., Gaucheron F., Piot M., Michel F., Maubois J.-L., Léonil J., Changes in the composition  
          of juice expressed from Camembert cheese during ripening. Lait, 79, (1999), 503-513.
[16]   Rodriguez-Aguilera R., Oliveira J. C., Montanez J. C., Mahajan P. V., Effect of modified atmosphere  
            packaging on quality factors and shelf-life of mould surface-ripened cheese: Part II varying storage  
          temperature. LWT- Food Sci. Technol., 44, (2011b), 337-342. 
[17]  Caldeo V., McSweeney P. L. H., Changes in oxidation-reduction potential during the simulated  
          manufacture of different cheese varieties. Int. Dairy J., 25, (2012), 16-20.

105Chemical composition and physicochemical properties of Camembert cheeses available in retail shops



ABiD 1/2019110

[18]   Tonković K., Gregurek L., Božanić R., Proizvodnja sira tipa Camembert od kozjeg i kravljeg mlijeka  
          i njihovih mješavina. Mljekarstvo, 53 (4), (2003), 309-324.
[19]   Voigt D. D., Patterson M. F., Linton M., Kelly A. L., Effect of high-pressure treatment of milk prior to  
          manufacture on ripening of Camembert cheese. Innov. Food Sci. Emerg., 12, 1, (2011), 1-5.
[20]   Vassal L., Monnet V., Le Bars D., Roux C., Gripon J. C., Relation entre le pH, la composition chimi- 
          que et la texture des fromages de type Camembert. Lait, 66 (4), (1986), 341-351.
[21]   Schlesser J. E., Schmidt S. J.,  Speckman R., Characterization of Chemical and Physical Changes in  
          Camembert Cheese During Ripening. J. Dairy Sci., 75, (1992), 1753-1760.
[22]   Guizani N., Kasapis S., Al-Attabi Z. H., Al-Ruzeiki M. H., Microbiological, physicochemical, and bio- 
        chemical changes during ripening of Camembert cheese made of pasteurized cow’s milk. Int. J.  
          Food Prop., 5, 3, (2002), 483-494.
[23]   Dobrzańska A., Cais-Sokolińska D., Ocena przydatności systemów pomiaru barwy do badań prepa- 
          ratów białek mleka i serwatki. ABiD, 3, (2014), 267-272.
[24]   Kneifel W., Ulberth F., Schaffer E., Tristimulus colour reflectance measurement of milk and dairy  
          products. Lait, 72, (1992), 383-391.

106


