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Effect of starter culture and rennet 
type on semi-hard cheese with 
reduced salt content
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Introduction

Salt (NaCl) has a great impact on cheese tex-
ture and the protein matrix structure. Decreasing 
the salt content in semi-hard Danbo cheese 
(30+) results in an overall softer cheese, and al-
ternative ingredients or altered processing are 
needed in order to maintain the structural qua-
lity in reduced salt cheese.

The hypothesis of this study was that starter cul-
tures and rennet types affect the texture profile 
of the cheese and can counter the softening 
effect of reducing the salt content. 

Experimental setup

A commercially available and commonly used 
starter culture (Culture 1, C1) and a semi-de-
fined, experimental starter culture (Culture 2, 
C2) were selected for comparison in manu-
facture of semi-hard Danbo (30+) cheeses. 
Both starter cultures comprised of strains from 
Lactococcus lactis subsp. lactis, L. lactis subsp. 
cremoris, L. lactis subsp. diacetylactis and Leu-
conostoc sp., but differ in having the strains iso-
lated and grown separately before combining 
(C2) or not (C1). Cheeses were brined for 0, 
6, 12 or 24 hours, and samples were collected 
for analysis after 12 weeks. In an additional ex-
periment, bovine or camel chymosin was used 
in the coagulation step of cheeses made with 
Culture 2. The cheese texture was examined 
by uniaxial compression (UC) textural analysis 
and the protein matrix structure by confocal la-
ser scanning microscopy (CLSM).

Results and discussion

Analysed salt and dry matter contents of the 
cheeses are displayed in Table 1. Salt content 
increased with time in brine, as did the dry mat-
ter content. Comparing micrographs of cheese 
samples with increasing salt content captured 
with CLSM (Figure 1) demonstrated that the fat 
areas in the cheese protein network included 
a larger range of size and were more unevenly 

distributed for samples with no added salt compa-
red to those with either 12 or 24 hours in brine. This 
indicates that the mobility of fat in cheese may 
depend on cheese salt content, which in turn af-
fects the cheese firmness. It is speculated if a firmer 
cheese, as a result of an increased salt content, 
possesses a firmer protein network structure, which 
limits the mobility of fat and the fat areas ability to 
fuse together into larger assembled areas.

Figure 1: Micrographs of cheese samples with Culture 1 
stained with FITC and Nile Red and captured with CLSM af-
ter 12 weeks of ripening. a: 0 hours in brine, b: 12 hours in 
brine and c: 24 hours in brine. Areas in green = protein net-
work and red areas = fat. Scale bar = 20 µm.

Figure 2: UC textural analysis of Danbo cheese (30+) after 
12 weeks of ripening by axial stress in relation to time in 
brine (0, 6, 12 and 24 hours) and starter culture (Culture 1 
and Culture 2). Note: Cheese samples of Culture 1 with 0 
hours in brine were not analysed with UC due to a loss of 
structural integrity and were discarded. Error bars indicate 
standard deviation. n = 3. (a, b, c, d: Bars with different let-
ters are significantly different (P < 0.05)).

UC textural analysis (Figure 2) revealed that in-
creasing the salt content of cheese makes the 
cheese firmer (increase in axial stress). Notably, 
cheese produced with Culture 2 was significantly 
(P < 0.001) firmer compared to cheese produced 
with Culture 1. Furthermore, C2 with 12 and 24 
hours in brine, and C1 with 24 hours in brine, did 

not differ significantly in terms of firmness, and it 
is indicated that C1-24 hours in brine and C2-
12 hours in brine are equally firm (Figure 2), de-
spite having significantly (P = 0.01) different salt 
contents (1.70 and 1.40 %, respectively). No sig-
nificant differences in axial stress or microstruc-
ture between cheeses coagulated with bovine 
or camel chymosin were found in the additional 
experiment. 

Conclusions and perspectives

Cheeses produced with Culture 2 were gene-
rally firmer than those produced with Culture 1 
after 12 weeks of ripening. Remarkably, results 
indicate that cheeses made with Culture 2 only 
require 12 hours in brine to acquire the same 
textural properties as cheeses produced with 
Culture 1 with 24 hours in brine. Using Culture 2 
in combination with other treatments could pre-
sent interesting opportunities to reduce the salt 
content in cheese even further without com-
promising the quality. Confocal microscopy de-
monstrated an obvious difference in cheese 
fat area size distribution in the protein network, 
which may reveal some of the mechanisms un-
derlying salt’s influence on cheese microstruc-
ture. Substituting bovine chymosin with camel 
chymosin did not induce differences in cheese 
texture or microstructure.

Sample
(culture and time in brine)

Dry matter content, 
%

Salt content, 
%

C1, 0 hours in brine 43.4 a 0.15 a

C1, 6 hours in brine 45.7 b 1.10 b

C1, 12 hours in brine 46.3 bc 1.30 cd

C1, 24 hours in brine 47.1 c 1.70 e

C2, 0 hours in brine 45.0 ab 0.15 a

C2, 6 hours in brine 45.8 bc 1.05 bc

C2, 12 hours in brine 46.8 bc 1.40 d

C2, 24 hours in brine 47.7 c 1.83 e

Table 1: Dry matter and salt contents in the cheese samp-
les as function of culture (C1 and C2) and time in brine 
(0, 6, 12 and 24 h), n = 3. (a – e: Figures in a column with 
different letters are significantly different (P < 0.05)).
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