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Abstract A strain of Mucor spp. isolated from a fermented
soybean food in central China was smeared on the surface
of semi-hard cheese to investigate its role in cheese
ripening. Cheese ripening indices showed increase by 3—4
fold upon ripening of cheese for 90 days. Electrophoretic
studies revealed that caseins in the cheese were degraded
gradually during ripening forming several low molecular
weight peptides, especially of 14.4 kDa. Texture profile
analysis and microstructure study of the cheese showed that
the proteolytic activity of Mucor led to desirable texture
development in ripened cheese. The study indicates that the
strain of Mucor used in the experiment has desirable
proteolytic capability for use in cheese system.

Keywords Mucor- Cheese - Ripening - Proteolysis -
Texture - Microstructure

Introduction

Mould has an important role in cheese processing,
especially for surface mould-ripened cheeses such as Brie
(Fernandez-Salguero 2004), Camermbert (Gaborit et al.
2001), Neufchatel (Fernandez-Salguero 2004), Gamalost
(Sienkiewicz-Szapka et al. 2009), and interior mould-
ripened cheeses such as Stilton (Ercolini et al. 2003),
Roquefort (Dall’ Asta et al. 2008), Gorgonzola (Carminati et
al. 2004) and Tulum cheeses (Cakmakci et al. 2008). Mould
metabolism and degradation of milk constituents i.e.
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protein, fat by exogenous and endogenous enzymes lead
to an improvement in texture, flavor and nutritional quality
of cheeses. Specific texture and desirable flavor of surface
mould-ripened cheese are correlated with proteolytic and
lipolysis changes respectively. Moulds used in cheese
include Penicillium roqueforti, Geotrichum candidum/P.
candidum, P. caseicolum and P. camemberti and its mutant
(Gripon 1993). Fernandez-Salguero (2004) reported that
gradual hydrolysis of proteins led to the formation of low
molecular weight compounds in Blue cheese. Complete
hydrolysis of both asl- and -caseins was reported in Blue
cheese (Gripon 1993). O’Sullivan et al. (2005) studied the
soluble nitrogen and amino acid content of cheese made
and ripened with P. camemberti using animal and vegetable
rennets.

Mao-tofu, a fermented soybean food covered with white
fungus (Mucor) mycelia, is produced in central China. The
processing of Mao-tofu is similar to that of mould-ripened
cheeses but with a shorter ripening time (~5—6 days) (Zhao
and Zheng 2009). It was envisaged that such Mucor spp.
used in Mao-tofu may have potential application in surface
smeared semi-hard cheese.

Materials and methods

Materials Fresh milk was obtained from a local dairy farm.
Chymosin (Maxiren-180, 1:10000 strength) and casein
were obtained from DSM Food Specialties, Holland and
Sigma Chemical Co, St Louis, MO, USA respectively.
Water used was purified by Milli-Q Plus (Millipore Corp,
Bedford, MA, USA). The chemicals and reagents used in
capillary zone electrophoresis (CZE) analysis were chro-
matogram reagents while other chemicals and reagents
were of analytical grade.
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Strain and culture conditions A strain of Mucor spp. with
proteolytic activity was isolated from local Mao-tofu
product with casein plate medium by transparent ring
method, and identified as Mucor micheli ex fries. The
Mucor spp. was cultured in slope medium (in gL™");
sodium nitrate 3, sucrose 30, potassium acid phosphate 1,
magnesium sulfate 0.5, potassium chloride 0.5, ferrous
sulfate 0.01, agar, 20. The culture was maintained at 28+
1 °C for 48 h in an incubator and then kept at 4 °C before
use. The spore suspension of Mucor was prepared as per the
method of Sparringa and Owens (1999).

Cheese manufacture and ripening Whole fresh milk was
pasteurized in a vat at 63 °C for 30 min. After acidification
of milk with lactic acid solution (10% w/w) to a pH of
about 5.7, calcium chloride and potassium nitrate were
added at a level of 0.016% (w/w) and 0.014% (w/w),
respectively. Chymosin was added to the milk at 33 °C at a
level of 0.0034% (w/w). The curd was cut into cubes
(1 cm®) and whey was drained three times at 15 min
interval, after raising the temperature to 35 °C. The curd
was pressed at 0.3 MPa for 2 h in a cylindrical mould
(15 cm diameter, 30 cm height). It was then removed from
mould and cut into cubes (8x4x4 cm). The cheese was
smeared with Mucor spp. on the surface of cheese curd
after salting in refrigerated brine (5% w/w) for 18 h, and
cultured at 28+1 °C for 24 h. Later on, all the cheese
samples were transferred to a ripening chamber maintained
at a temperature of 441 °C and a relative humidity of 85%—
90% until they were subjected to analysis.

Ripening indices of cheese The cheese samples were
selected at random after fixed interval of time of ripening,
and divided into central and external zones as described by
Sihufe et al. (2007). Water-soluble nitrogen (WSN) fraction
of the samples was prepared (Durrieu et al. 2006). Further,
pH 4.6-soluble nitrogen (SN) and pH 4.6 insoluble nitrogen
(ISN) fractions were prepared (Kuchroo and Fox 1982). A
12% trichloroacetic acid-soluble nitrogen (TCA-SN) frac-
tion of the samples was also prepared (Polychroniadou et
al. 1999).

Chemical analyses All chemical analyzes were carried out
in triplicate. Moisture was determined by standard method
(IDF 1982). For pH determination, the grated cheese
sample (~3 g) was mixed with 10 ml of distilled water at
room temperature and then homogenized using a pulp
refiner (Baoli Scientific Research and Appliance Co,
Jiangyin, China) for 3 min. The pH of homogenate was
measured using pH meter (pH-3C, Mettler Toledo Delta
320, Shanghai, China). Total nitrogen (TN), WSN and
TCA-SN were determined by Kjeldahl method (IDF
2001).
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Sodium dodecyl sulphate-polyacrylamide gel electrophore-
sis (SDS-PAGE) Two grams of pH 4.6-ISN fraction
separated from pH 4.6-SN was washed three times with
6 ml of 1 molL™" sodium acetate buffer (pH 4.6). The
residual fat was eliminated by washing with 4 ml of diethyl
ether, twice. The residue (~0.2 g) was mixed with 0.2 ml
Tris-buffer (0.06 molL™", pH 6.8) containing glycerin (25%
w/v), PB-mercaptoethanol (5% v/v), SDS (2% w/v) and
bromophenol blue (0.1% w/v). After boiling and centrifug-
ing at 10,000 g for 10 min, the supernatant was separated
for analysis. SDS-PAGE analysis was carried out as per
Laemmli (1970) using gradient gel (12% w/v). The gel was
1.5 mm thick, consisting of a 2 cm stacking gel and 10 cm
running gel. Ten pL prepared sample was applied in the
sample slots. The electrophoresis was carried out for 4 h at
120 V. At the end of electrophoresis, the gel was separated.
Protein bands were stained with 0.25% Coomassie Brilliant
Blue R-250 in methanol-water-acetic acid (5:5:1 v/v), and
then destained in the same solvent. The standard protein
markers and their molecular weights (kDa) used were as
follows: egg albumin lysozyme 14.4, trypsin inhibitor 20.1,
bovine carbonic anhydrase 31.0, rabbitactin 43.0 and
bovine serum albumin 66.2. The images were photographed
using PhotoDoc-It Imaging System (UVP Inc., San Gabriel,
USA).

Capillary zone electrophoresis (CZE) The running buffer
(50 mmolL™") was prepared by mixing 14.7 molL™"
H;PO,, 6 molL ™" urea solution and 0.05% (w/v) hydrox-
ypropyl methyl cellulose. The pH of buffer was adjusted to
2.5 with 2 molL™' NaOH. Sample buffer (pH 8.0)
comprised of 10 mmolL " H;PO,, 8 molL ™' urea and
10 mmolL™" dithiothreitol. Both buffers were filtered
through 0.22 pm filter before CZE analysis. Standard
casein and samples of pH 4.6-ISN fractions prepared at
35, 60 and 90 days of ripening, were dissolved in buffer
with a concentration of 10 mgml ™', then left for at least 1 h
at room temperature before filtration and analysis. CZE
analysis was carried out using a Beckman P/ACE™ system
MDQ (Beckman Instruments Inc, USA), equipped with an
UV detector, a temperature-controlled capillary compart-
ment and an auto-sampler. Separations were performed
using an uncoated fused-silica capillary column of 60 cm x
50 pm internal diameter (50 cm to the detector window).
All experiments were carried out in the cationic mode
(anode at the inlet and cathode at the outlet). The sample of
50 pl was introduced by pressure injection at 24 kPa for 5 s.
The separation was conducted at 18.5 kV and temperature
was kept constant at 30 °C. UV detection was performed at
214 nm (data collection rate 5 Hz). The capillary was
washed with 0.1 molL ™' NaOH (3 min), deionised water
(5 min), 0.1 molL ™" HCI (3 min) and equilibrated with the
running buffer (5 min), before each injection. The image
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obtained was analyzed by 32-Karat software (Beckman
Instruments Inc, USA).

Texture profile analysis Textural properties of cheese were
measured with a TA.XT2 Texture Analyzer (Stable Micro
Systems Ltd, Godalming, UK) with Texture Expert for
Windows (Texture exponent 32 software), equipped with a
cylinder probe (type p/0.5). Cheese samples subjected to
different ripening periods were sealed in plastic bags and
tempered at 23 °C for 2 h prior to analysis. Test was carried
out in three different locates of each cheese sample. The
speed of the crosshead before and after analysis was kept at
2.0 mms ', and the analysis was carried out at a crosshead
speed of 0.5 mms '. The measuring run was 5.0 mm and
the initial force was ON. The uniaxial compression test was
performed in two successive cycles, and textural parameters
were calculated as described by Barcenas et al. (2007).

Cheese microstructure Sample preparation was done
according to the method of Anderson and Mistry (1994)
with some modifications by rapid refrigerating specimen in
liquid nitrogen. Cheese samples were cut into flakes (~3x
3x3 mm) and fixed in 2.5% glutaraldehyde (Sigma, MO,
USA) for 3 h at 4 °C. After refrigerated storage, the
specimens were processed according to Oberg et al. (1993).
The specimens were then mounted on a specimen holder
using silver paint, gold coated and examined with scanning
electron microscope (S-3400N, Hitachi, Japan) operated at
10 kV. Micrographs were obtained at magnification of
1,500 and compared visually.

Statistical analysis All the data are expressed as means +
standard deviation (SD) from at least three independent
experiments. One-way analysis of variance (ANOVA) was
used to evaluate the significance levels of the data. SPSS
15.0 software for Windows (SPSS Inc., Chicago, IL, USA)

was used to analyze the data. The level of confidence
required for significance was set at P<0.05.

Results and discussion

Chemical changes in cheese during ripening The moisture
content in external and central zones of the cheese
decreased steadily during ripening (42.8%43.3% in fresh
cheese vs. 36.8%-39.5% at 90 days), while pH increased
significantly as a result of proteolysis, leading to formation
of amine alkaline compounds (~5.7 in fresh vs. 6.7-6.8 in
cheese at 90 days) (Table 1).

Proteolysis in cheese leads to an increase in the soluble
nitrogen fractions (Sousa et al. 2001), which is considered
as an index of proteolysis. The proteolysis indices viz.,
WSN/TN increased 4-fold, while pH 4.6-SN/TN and TCA-
SN/TN exhibited 3-fold increase during ripening (Table 1).
The WSN/TN increased from 4.54 (external) or 4.55
(central) to 23.68 (external) or 21.45% (central); pH 4.6-
SN/TN increased from 4.59 (external) or 4.16 (central) to
19.38 (external) or 18.55% (central), while TCA-SN/TN
increased from 1.91 (external) or 1.96 (central) to 8.61
(external) or 8.08 (central) upon ripening. Such an increase
in proteolysis indices indicated protein degradation during
cheese ripening. Such proteolysis was found to be greater in
external than in central zone of cheese. This could be
attributed to the growth of Mucor at the surface of the
cheese. Majority of the proteolysis took place during the
initial 35 days of ripening; further ripening (55 days)
contributed to only 10%-30% rise in soluble nitrogen
fraction.

The pH 4.6-insoluble nitrogen fractions separated from
the cheese were subjected to SDS-PAGE and CZE, the
profiles of which are presented in Figs. 1 and 2. In Fig. 1,

Table 1 Moisture, pH and pro-

Ripening times

teolytic indices of cheese during Parameters Location
ripening®
Moisture (%) External
Central
pH External
Central
WSN/TN (%) External
Central
 Each value was expressed as o
D pH 4.6 SN/TN (%) External
mean =+ standard deviation. Num-
ber of trials was three. Different Central
alphabets as superscripts in same 12%TCASN/TN (%) External
row indicates data differ signifi- Central

cantly (P<0.05)

1 35 60 90
42.83+0.48"  39.23+1.29%®  36.79+1.59" 36.78+1.14°
43.28+0.40°  41.30+0.59%° 39.81+0.84° 39.51+0.85°
5.71+0.08" 6.27+0.45° 6.73+0.17" 6.8240.24°
5.70+0.16" 6.21+0.68° 6.54+0.22" 6.68+0.29°
454+093*  20.61+1.67° 22.04+1.94*  23.68+1.07°
455+0.73*  18.64+2.12° 20.62+0.55%  21.45+0.93°
459+0.66  17.65+0.67° 17.90+0.73%  19.38+1.31°
4.16+0.34 16.53+1.21° 16.90+0.92%° 18.55+0.93¢
1.91+0.78% 6.82+0.23° 7.71+0.74%° 8.61+0.85¢
1.96+0.72° 6.07+0.55° 7.21+1.16% 8.08+0.56°
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Fig. 1 SDS-PAGE profiles of pH 4.6-insoluble nitrogen fraction of
cheese at different ripening periods. Standard protein markers with
molecular weight—bovine serum albumin (66.2 kDa), rabbit actins
(43.0 kDa), bovine carbonic anhydrase (31.0 kDa), trypsin inhibitor
(20.1 kDa) and egg albumin lysozyme (14.4 kDa); Lane 1-6 depicts
pH 4.6-insoluble nitrogen fraction separated from cheese ripened for
1, 7, 14, 35, 60 and 90 days respectively

there appeared mainly two bands with high molecular
weight (about 32.0~33.0 kDa, p-casein and a-casein) in
the fresh cheese (lane 1). As ripening progressed, the color
of bands became weaker, while new bands having small
molecular weight appeared, which became deeper (lane 1
vs. lane 2-6), indicating gradual degradation of caseins.
When the cheese was ripened beyond 60 days, more
peptides with molecular weight lower than 14.4 kDa were
generated. Figure 2a showed that the migration time of
standard casein was in the range of 15-30 min, exhibiting
six peaks. As ripening progressed, new peaks appeared at
different zones (Fig. 2b—d). For example, one peak with a
migration time of about 10 min appeared, together with few
peaks with migration times longer than 32 min. The peaks
of casein nearly disappeared, when the cheese samples were
ripened for 90 days, implying that protein degradation
occurred during cheese ripening. Such decrease in peak
height of «- and P-casein during cheese ripening was
observed by Irigoyen et al. (2000).

Ong et al. (2007) observed several protein bands with
molecular weight in the range 7.4-30.2 kDa during
ripening of Cheddar cheese using SDS-PAGE technique.
Vannini et al. (2008) found that on degradation of casein,
more peptides with molecular weight less than 6.3 kDa
were formed during ripening of Pecorino cheese.

Textural profile of cheese during ripening The textural

parameters of cheese evaluated are depicted in Table 2. In
general, all the textural parameters evaluated viz., hardness,
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Table 2 Texture profile of cheese during different stages of ripening®

Time (d) Hardness (g) Chewiness (g) Adhesiveness (g sec) Cohesiveness Springiness Resilience
1348.18+499.62% 510.06+349.50° -23.82+13.62° 0.80+0.03° 0.86+0.05° 0.47+0.07%
7 1304.85+190.75 531.66+38.45° —69.84+15.27% 0.73+0.09% 0.87+0.09° 0.47+0.01°
14 950.44+38.07" 396.59+68.27¢ —96.08+7.69% 0.65+0.05° 0.90+0.01° 0.3940.09°
21 908.89+67.86> 334.16+29.10° ~123.11+57.37° 0.62+0.06° 0.82+0.04 0.30+0.07°
28 766.68+131.44¢ 348.95+94.48° —247.47+139.12° 0.66+0.05" 0.61£0.06¢ 0.24+0.06"
35 439.98+68.14¢ 219.52+58.49¢ ~569.32+128.33¢ 0.61+0.07> 0.78+0.25° 0.20+0.03°
60 413.23+36.06° 163.86+58.12° ~392.03+127.13%¢ 0.58+0.04° 0.62+0.04¢ 0.21+0.03°
90 436.42+159.619 234.23+114.56¢ ~187.48+99.33%° 0.59+0.06° 0.58+0.06¢ 0.25+0.03°

#Values expressed as mean =+ standard deviation; number of trials—three; Superscripts bearing different alphabets indicates values differ significantly (p<

0.05) from each other

chewiness, cohesiveness, adhesiveness, springiness and
resilience, showed a decrease in value with progress of
cheese ripening. In general, all the textural parameters
evaluated viz., hardness, chewiness, cohesiveness, adhe-
siveness, springiness and resilience, showed a decrease in
value with progress of cheese ripening. The hardness of

cheese decreased continuously significantly (P<0.05) from
1348.18 to 413.23 g at 60th day, after which it tended to
increase slightly to 436.42 g at 90th day. The chewiness
and cohesiveness of cheese also behaved in a manner
similar to that for hardness. The springiness of cheese
tended to decrease throughout ripening. The adhesiveness

Fig. 3 Scanning Electron Microscopic structure of cheese as affected by ripening. Magnification x1,500. SEM micrographs of cheese ripened for

1 (a), 35 (b), 60 (c) and 90 (d) days
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of the cheese increased significantly (P<0.05) during initial
35 days of ripening but decreased subsequently. The
resilience of the cheese decreased gradually till 35th day
and then did not show much change.

Cohesiveness, defined as the strength of the internal
bonds making up the body of the product (Szczesniak
1963), was weakened as a result of reduction in the protein
interaction. Such proteolysis induced by the Mucor spp. led
to improvement in the texture of ripened cheese as is
evident from the results of textural profile analysis.

Proteolysis contributes to texture modification in ripened
cheese as a result of breakdown of the protein network (Fox
1989). Van Hekken et al. (2004) found that the hardness of
Monterey Jack goat’s milk cheese decreased significantly
during initial stage of ripening; the springiness was also
increased over the first 4 weeks of ripening and thereafter
did not change appreciably in either hardness or springiness
over the next 5 months of ripening. Pinho et al. (2004) also
observed decrease in hardness, gumminess and chewiness
of Terrincho cheese during ripening.

Microstructure of cheese SEM micrographs of the ripening
cheese are presented in Fig. 3a to d. The microstructure of
1 day old cheese had a smooth protein matrix, interspersed
with several pore spaces. The size and shape of pore spaces
were irregular and asymmetric, with diameters in the range
of 5-30 pm. The microstructures of the cheeses ripened for
35, 60 and 90 days were different, validating the proteolytic
role played by Mucor during cheese ripening.

On continued fermentation for 35 or 60 days, the cheese
had a large number of smaller pore spaces, which brought
about uniformity and compactness in the microstructure
(Fig. 3b, c). The network structure was destroyed and the
aggregates of casein micelles degraded to numerous small
aggregates. At 90th day of ripening, it was difficult to
discern the pore spaces in the cheese. More loose and
symmetrical state in protein matrices was found, however
the 3-dimensional network structure was maintained.

Luna and Bressan (1986) obtained similar finding for
Fromage Fermier cheese. Fallico et al. (2006) reported that
the microstructure of Piacentinu Ennese cheese after 2, 4
and 6 months of ripening changed drastically; in the end of
ripening, more uniform holes were observed. The micro-
structure of cheese corroborated the texture modification in
cheese during ripening.

Conclusion
A strain of Mucor spp. separated from a fermented soybean

food was applied to semi-hard cheese to study its
applicability in surface smeared cheeses. SDS-PAGE and
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CZE analysis revealed gradual degradation of caseins
during cheese ripening, forming several peptides with
molecular weight lower than 31.0 kDa. The ratios of
WSN, pH 4.6-SN and TCA-SN to total nitrogen (TN)
showed three to 4-fold increases during 90 days of cheese
ripening as a result of proteolysis. Texture profile analysis
revealed decrease in hardness, chewiness, cohesiveness,
adhesiveness, springiness and resilience of cheese during
ripening with attendant improvement in its texture. SEM
micrographs authenticated the texture modification in
ripened cheese, leading to uniform and compact network
structure. The Mucor spp. studied may have potential
application in manufacture of surface smear mould ripened
cheeses. Further studies on associated lipolysis and flavor
formation in cheese needs to be attempted.
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