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Abstract – Hydrophilic and hydrophobic peptides in the water-soluble fraction of semi-hard,
vacuum packed ovine cheeses made with calf, microbial and cardoon coagulants were monitored
for 90 d by reversed-phase HPLC. Hydrophobic peptides of the cheeses were further analysed by
size exclusion HPLC to determine their molecular sizes and the bitterness of the cheeses was eva-
luated by a trained sensory panel. Cheese made with cardoon coagulant had the highest levels of
both hydrophilic and hydrophobic peptides. Cheeses made with calf and microbial coagulants had
comparable levels of hydrophilic peptides, but the former had higher levels of hydrophobic pepti-
des. The concentration of bitter peptides (those with a molecular size of 165–6500 g·mol–1) was
highest in cheese made with microbial coagulant and lowest in cheese made with calf rennet. Cheese
made with microbial coagulant was perceived to be the most bitter by the sensory panel, followed
by calf and cardoon coagulant cheeses. Sensory bitterness score was significantly (P < 0.05) corre-
lated with total bitter peptides and the ratio of bitter peptides to total peptides, but not with total
hydrophobic peptides.

Peptide / bitterness / hydrophobic / hydrophilic / ovine cheese

Résumé – Formation de peptides amers pendant l’affinage de fromages au lait de brebis fabri-
qués avec différents coagulants. La formation de peptides hydrophiles et hydrophobes contenus
dans la phase aqueuse de fromages de brebis à pâte demi-dure fabriqués avec des coagulants d’ori-
gine bovine, microbienne ou végétale, a été suivie pendant 90 j en CLHP. Les peptides hydrophobes
des fromages ont de plus été analysés par CLHP exclusion de taille pour déterminer leur taille molé-
culaire, et l’amertume des fromages a été évaluée par un jury d’analyse sensorielle entraîné. Le fro-
mage fabriqué avec le coagulant de chardon possède les plus hautes teneurs en peptides hydrophiles
et hydrophobes. Les fromages fabriqués avec les coagulants d’origine bovine et microbienne ont des
concentrations comparables en peptides hydrophiles, mais celui fait avec le coagulant microbien a
des teneurs en peptides hydrophobes plus importantes. La concentration en peptides amers (ayant
une masse molculaire de 165–6500 g·mol–1) était plus élevée dans les fromages realisés avec le coa-
gulant d’origine microbienne et était inférieure dans le cas des fromages fait avec le coagulant de
veau. Le fromage fabriqué avec le coagulant d’origine microbienne a été perçu comme le plus amer.
L’amertume a été corrélée de manière significative (P < 0.05) avec les peptides amers totaux et le
rapport peptides amers sur peptides totaux, mais pas avec les peptides hydrophobes totaux.

Peptide / amertume / hydrophobie / hydrophilie / fromage de brebis
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1. INTRODUCTION

Bitter taste is one of the most common
quality defects of cheese and is caused by
the production of bitter peptides from
casein hydrolysis during cheese-making,
especially at the ripening stage [13, 30]. Bitter
peptides isolated from casein hydrolysate
and cheese are those with a high proportion
of aromatic amino acids residues and a high
average hydrophobicity [23], most of which
arise from the breakdown of αs1- and
β-casein [17]. Although the formation of
bitter peptides in cheese is mostly attributed
to the proteolytic activity of bacteria, espe-
cially some of the non-starter bacteria, other
proteases such as rennet and other coagu-
lants could also play a role [11]. Rennet can
produce bitter peptides from both αs1- and
β-casein [12], which, if retained in a high
concentration, can cause marked bitterness
in cheese [32]. Furthermore, milk coagu-
lant could conceivably influence the per-
ception of bitterness in cheese in two other
ways: the first is through the production of
casein breakdown products, which are sub-
sequently used as substrates by bitter pep-
tide-producing bacteria [11]. The second is
through the production of flavour peptides
and amino acids, which may have a masking
effect on the bitter taste of cheese.

The water-soluble fraction of cheese is a
major contributor to cheese flavour [21],
whereas the water-insoluble fraction is
thought to be largely flavourless [22]. Sep-
aration of the water-soluble fraction by
reversed-phase high performance liquid
chromatograph (RP-HPLC) into hydrophilic
(early elution) and hydrophobic (late elution)
fractions has formed the basis of several
indices for predicting bitterness intensity in
cheese. Gaya et al. [16] and Lau et al. [20],
for example, suggest that the ratio of hydro-
phobic to hydrophilic peptides is correlated
with bitter taste in cheese. Fractions from
Cheddar cheese separated by RP-HPLC
showed the bitter fractions to be hydropho-
bic peptides, whereas the savoury fractions
were hydrophilic peptides and amino acids

[10]. Gomez et al. [17] suggest that the level
of hydrophobic peptides determined at
280 nm is a reliable indicator of bitterness
for semi-hard cheeses. However, the rela-
tionship between the size of the hydropho-
bic peptides and the bitterness of cheese
has not been examined in detail in these
studies.

Extracts of the wild thistle plant, cardoon
(Cynara cardunculus L.), has traditionally
been used as a milk coagulant for the man-
ufacture of several cheese varieties in
Southern Europe [28, 29]. The coagulant
has gained renewed interest in recent years,
partly due to its plant origin, as consumers
are increasingly concerned about the use of
calf rennet out of health and ethical con-
cerns. However, use of cardoon coagulant
has been found to lead to the development
of bitterness in aged ovine milk cheese [1].
Furthermore, Carrera et al. [5] reported that
the level of hydrophobic peptides, which
was related to bitter taste, in 24 h cheese
made using cardoon coagulant was more
than 70-fold the level in cheese made using
chymosin. However, using encapsulated
cardoon coagulant accelerated the develop-
ment of flavour intensity in cheese without
enhancing bitterness [26]. 

The objective of the present study is two-
fold: (1) to examine the role of the size of
hydrophobic peptides in determining the
bitterness of ovine milk cheese; and (2) to
compare  the bitterness intensity of ovine
milk cheese made using cardoon and com-
mercial (calf and microbial) coagulants.
The peptide profile of the water-soluble
fractions of the cheeses was examined by
RP-HPLC over a ripening period of 90 d
and the molecular size of the hydrophobic
peptides was analysed by size exclusion-
high performance liquid chromatography
(SE-HPLC). The bitterness intensity of the
cheeses aged for various times were
assessed by a trained sensory panel, and the
results were compared with various peptide
indices obtained from the chromatographic
methods. 
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2. MATERIALS AND METHODS

2.1. Ovine milk, coagulant 
and starter culture

 Ovine milk was collected from Awassi
Aust. Pty. Ltd., Cowra, NSW, Australia.
The milk was cooled to 4 °C immediately
and transported to the Charles Sturt Univer-
sity cheese factory. Ovine milk cheeses
were made using three types of coagulant:
calf, microbial and cardoon. The calf and
microbial coagulants used were commer-
cial preparations with the trade name of
NaturenTM and MicrolantTM, respectively,
and were supplied by Chr. Hansen Pty. Ltd.
(Bayswater, Victoria, Australia). NaturenTM

was a rennet preparation manufactured
from the extract of the fourth stomach of
calves while MicrolantTM was manufac-
tured by submerged fermentation of a strain
of the fungus Rhizomucor miehei. The plant
coagulant used was a water extract from the
flowers of the thistle plant cardoon (Cynara
cardunculus L.), partially purified by frac-
tional precipitation with ammonium sulphate.
The cardoon flowers were collected from a sin-
gle paddock in Werribee, Victoria, Australia,
and the extraction and purification proce-
dures have been described elsewhere [8].
The starter culture used was a commercial
product, Flora DanicaTM, also supplied by
Chr. Hansen. This is a mesophilic cheese
starter containing a mixture of Lactococcus
lactis subsp. lactis, L. lactis subsp. cremo-
ris, L. lactis subsp. lactis biovar diacetylac-
tis and Leuconostoc cremoris. 

2.2. Cheese-making

 Two batches of Peccorino style cheese
were made from standardised milk (4.83 ±
0.97% fat, 5.03 ± 0.38% protein and 15.49 ±
1.03% total solids) in two sequential peri-
ods using a mini-cheese-making system
with a vat capacity of 80 L. For each batch,
the milk was pasteurised at 72 °C for 30 s
and the pasteurised milk was divided into
three portions, which were coagulated with
cardoon, calf and microbial coagulant
respectively. The general procedure for

making Peccorino cheese described by Bat-
tistotti and Corradini [4] was followed.
Briefly, pasteurised milk was cooled to
37 °C and starter culture was added at a rate
of 20 g per 100 L milk. After 30 min, rennet
was added at a rate of 20 mL per 100 L milk
for NaturenTM, 10 mL per 100 L for Micro-
lantTM, and 400 mL per 100 L for the car-
doon extract, respectively. The dosage of
the two commercial coagulant preparations
used was based on manufacturer’s recom-
mendations, while the dosage of the car-
doon extract was determined experimen-
tally to be equivalent to calf rennet in
clotting properties (clotting time and curd
firmness). Details of this determination
have been described [34]. The curd formed
was cut to 1.5–2 cm squares and allowed to
stand for 5 min until the whey began to sep-
arate out. The vat was then raised to 44 °C
and held for 15 min until the curd granules
were reduced to the size of corn grains
(about 0.8–1 cm3). After a further 10–
12 min, the whey was removed and the curd
granules were moulded manually into three
oval-shaped hoops with each fresh cheese
weighing about 1 kg. The cheeses were
pressed at 300 kPa for 24 h, and then brined
in a saturated NaCl solution containing
0.15% CaCl2 at 13–16 °C for 24 h. After
removal from the brine, the cheeses were
vacuum-packed in plastic bags (Cryovac
Pty Ltd, Victoria, Australia) made of com-
posite plastic film with an oxygen transmis-
sion rate of 0.08 cm3·m–2·24 h–1·kPa–1 (at
23 °C and 75% RH) and a moisture vapour
transmission rate of 0.06 g·m–2·24 h–1·kPa–1

(at 38 °C and 90% RH). The cheeses were
allowed to mature at 13–16 °C for 90 d. One
cheese of each type was taken at random at
7, 30, 60, 90 d of age and was analysed by
HPLC for peptide profiles and by sensory
evaluation by a trained panel for bitterness.

2.3. HPLC analysis of water-soluble 
fractions of cheese

Water-soluble fractions of the cheeses
were extracted according to the procedure
of Kuchroo and Fox [19]. Aliquots (1 mL)
of the extracts were added to 3 mL of a
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100:1 (v/v) mixture of solvents A and B
(described below). The mixtures were fil-
tered through 0.45 µm cellulose acetate fil-
ters (Millipore Ltd, Sydney, Australia) and
the filtrates were retained for analysis by
RP-HPLC.

HPLC was performed with a Waters
2690 Separation Module run by the
Millenium32 software. The module was an
integrated HPLC system consisting of two
Waters 6000A solvent delivery pumps and
an U6K universal chromatography injector
with an auto sampler and a column holder
and heater. Separation was achieved on a
Pharmacia 5 µm 4RP-C8 column (250 mm ×
4 mm i.d.). Detection was performed with
a Waters 996 photodiode array detector set
at 214 and 280 nm, and the data were proc-
essed by the MilleniumTM software installed
on an IBM PC. 

2.3.1.  RP-HPLC

The RP-HPLC procedure used was
based on the gradient elution method of
Singh et al. [27]. Solvent A was a 0.05% tri-
fluoroacetic acid (TFA) solution in de-ion-
ised water. Solvent B was a solution of
0.035% TFA in a 90:10 (v/v) mixture of de-
ionised water and acetonitrile. Prior to use,
the solvents were filtered through a 0.45 µm
nylon membrane filter, and de-gassed by
sonication for 5 min. Prior to sample injec-
tion, the column was equilibrated at room
temperature with 0.05% TFA for 5 min at
a flow rate of 1 mL·min–1. After injection
of a sample (30 µL), elution began with
100% solvent A for 5 min, followed by a lin-
ear gradient to 50% solvent B over 30 min,
50% solvent B for 3 min, 60% solvent B
over 2 min, and 60% solvent B for 30 min.

Hydrophobic fractions were defined as
the fractions that were eluted after the linear
gradient to 50% solvent B [27]. Hydropho-
bic fractions were pooled, their volumes
measured, and then freeze-dried using a
Christ Alpha 1-4 Freeze-dryer (Braun Bio-
tech International, Melsungen, Germany).
The freeze-dried samples were used for SE-
HPLC assay to determine their molecular size.

2.3.2. SE-HPLC

 The HPLC instrumentation was the
same as described above. The procedure
used was based on the method of O’Sulli-
van [24]. On the day of analysis, solutions
of the freeze-dried samples (see above)
were prepared in the mobile phase (0.1%
TFA in a 36/64 mixture of acetonitrile and
water v/v), and filtered through 0.45 µm
cellulose acetate filter. Separation was
achieved on a Pharmacia HR 10/30 column
(300 mm × 10 mm i.d.), which was pro-
tected by a Phenomanex 6 µm guard col-
umn (75 × 7.8 mm i.d.). Elution was carried
out isocratically at 25 °C with 0.1% TFA in
a 36:64 mixture of acetonitrile and water (v/
v) at a flow rate of 0.5 mL·min–1, and the
absorbance of the eluate was recorded at
214 nm and 280 nm. 

SE-HPLC was also performed on protein
size standards (Sigma-Aldrich, Sydney, Aus-
tralia). The standards were first made up
into individual stock solutions in the mobile
phase at a concentration of 2 mg·mL–1,
with the exception of phenylalanine which
was at a concentration of 1 mg·mL–1. The
working standard mixture was prepared by
diluting in 0.75 mL mobile phase each of
0.1 mL egg white lysozyme (molecular mass
14300 g·mol–1), aprotinine (6500 g·mol–1),
insulin chain B (2300 g·mol–1) and pheny-
lalanine (165 g·mol–1) stock standards. The
standard mixture was filtered through a
0.45 µm-PTFE filter (Millipore Ltd, Sydney,
Australia) before injection.

2.4. Sensory evaluation of cheese

 The cheeses were subjected to sensory
evaluation by a trained panel of 12 people.
Most (11) of the panellists were chosen
from the School of Wine and Food Sciences
and one from the university winery for their
familiarity and experience with sensory
analysis. The panellists were trained according
to the methods described by Barcenas et al.
[2, 3]. The test was carried out at the uni-
versity’s sensory evaluation laboratory,
and cheeses aged for 30, 60 and 90 d were
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evaluated for bitterness on a 1–10 scale
(10 being most bitter). Cheese samples were
cut into bite pieces of standard size (1.25 ×
1.1 × 1.1 cm), and the cut samples were
placed in plates and kept at a constant temper-
ature of 20 °C for at least 1 h before serving.

2.5. Statistical analysis

The data collected were subjected to one
way analysis of variance (ANOVA) and
means of treatments showing significant
differences were subjected to Fisher’s Least
Significant Difference test.

3. RESULTS

3.1. Peptide profiles of water-soluble 
fractions of ovine milk cheeses

Figure 1 shows the RP-HPLC peptide
profiles of the water-soluble fractions (WSF)
of ovine milk cheeses made with cardoon,

calf and microbial coagulant and ripened
for 90 d. Table I summarises the total peak
areas of the hydrophilic and hydrophobic
peptides, as well as their ratios in the vari-
ous cheese samples.

Milk coagulant had a significant effect
(P < 0.05) on the levels of hydrophobic and
hydrophilic peptides, and on their ratio in
the WSF of cheeses determined at both 214
and 280 nm (Tab. I). At 214 nm, cheese
made with cardoon extract had the highest
levels of all three parameters throughout the
ripening period. Microbial coagulant
cheese had the lowest levels of hydrophobic
peptides and the ratios of hydrophobic to
hydrophilic peptides during later stages of
ripening (30–90 d), while the levels of
hydrophilic peptides in cheeses made with
microbial and calf rennet were similar. The
levels of peptides in the cheeses measured
at 280 nm were markedly (about 100-fold)
lower than those measured at 214 nm. At
280 nm, cheese made with cardoon coagu-
lant also had the highest levels of hydrophobic

Figure 1. RP-HPLC profiles of water-soluble fractions of cheeses made from ovine milk with car-
doon (left), microbial (middle) and calf (right) coagulant. The cheeses were ripened for 7 (a), 30 (b),
60 (c) and 90 (d) d, respectively.
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Table I. Peak areas of hydrophilic and hydrophobic peptides of cheeses made from ovine milk with cardoon, calf and microbial coagulant
determined by RP-HPLC at 214 nm and 280 nm.

Detection 
wavelength 
(nm)

Ripening 
time 
(d)

Hydrophobic peptides Hydrophilic peptides Hydrophobic / Hydrophilic

Cardoon Calf Microbial Cardoon Calf Microbial Cardoon Calf Microbial

214 7 170 110 120 280 260 230 0.61 0.42 0.52

30 880 410 310 610 560 510 1.44 0.73 0.61

60 1280 590 460 1570 1070 1290 0.82 0.55 0.36

90 1120 670 220 1760 1290 1320 0.64 0.52 0.17

280 7 5.0 1.2 3.3 8.8 4.3 5.8 0.57 0.28 0.57

30 7.1 3.9 5.3 16.9 8.1 12.1 0.42 0.48 0.44

60 18.1 7.4 12.6 26.9 16.2 20.7 0.67 0.46 0.61

90 18.9 8.4 14.9 31.9 17.9 23.6 0.59 0.47 0.63

Data were mean values of three measurements with standard deviation for the values ranging from 21 to 50 for data obtained at 214 nm and 0.12 to 0.82
for data obtained at 280 nm.
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and hydrophilic peptides while the levels of
these two parameters were lowest in cheese
made with calf rennet.

The levels of hydrophobic and hydrophilic
peptides and their ratios changed signifi-
cantly (P < 0.05) during ripening. The level
of hydrophobic peptides in cardoon and
microbial coagulant cheeses determined at
214 nm increased between 7 and 60 d of
age, then declined between 60 and 90 d,
while that of calf rennet cheese increased
over the entire ripening period. The level of
hydrophilic peptides in all three types of
cheese increased throughout the 90 d of rip-
ening, while the ratio of hydrophobic to
hydrophilic peptides increased between 7
and 30 d of age, then declined thereafter.
When the detection was made at 280 nm,

the levels of hydrophobic and hydrophilic
peptides in all three types of cheese increased
over the entire 90 d of ripening. The ratio
of hydrophobic to hydrophilic peptides,
however, did not follow a consistent trend.

3.2. Molecular size of hydrophobic 
peptides in ovine milk cheeses

The molecular size of the hydrophobic
peptides in the cheeses was estimated by
comparing their retention times with those
of protein size standards when eluted by
SE-HPLC. Figure 2 shows the SE-HPLC
profiles of the hydrophobic peptides of
ovine milk cheeses made with the three dif-
ferent coagulants, while Table II summa-
rises the area and estimated molecular size
of the major peaks. Depending on the type

Table II. Peak area and molecular size of hydrophobic peptides of cheeses made from ovine milk
with cardoon, calf and microbial coagulant determined by SE-HPLC at 214 nm.

Type of 
coagulant

Peaks Estimated 
molecular size 

(kg·mol–1)

Peak area of peptides for cheese aged for

30 d 60 d 90 d

Cardoon 1 > 14.3 15.5 ± 0.2 13.7 ± 0.2 11.3 ± 0.3

2 14.3–6.5 11.8 ± 0.4 26.8 ± 0.3 31.4 ± 0.9

3 6.5–2.3 2.6 ± 0.2 5.2 ± 0.4 5.3 ± 0.2

4 2.3–0.165 1.7 ± 0.3 0.4 ± 0.1 –

5, 6 < 0.165 3.6 ± 0.2 5.2 ± 0.4 2.2 ± 0.1

Total  hydrophobic peptides 35.2 ± 1.3 51.3 ± 1.4 51.2 ± 1.5

Microbial 1’ > 14.3 23.5 ± 0.9 22.8 ± 0.3 29.4 ± 1.0

2’ 14.3–6.5 3.8 ± 0.4 2.8 ± 0.5 0.7 ± 0.2

3’, 4’ 5’ 6.5–2.3 9.4 ± 0.5 9.6 ± 0.5 5.8 ± 0.3

6’ < 0.165 1.2 ± 0.1 1.4 ± 0.1 –

Total  hydrophobic peptides 37.9 ± 1.9 36.6 ± 1.4 36.2 ± 1.5

Calf 1*, 2* > 14.3 22.4 ± 1.2 20.4 ± 0.9 27.9 ± 2.9

3*, 4*, 5* 6.5–2.3 6.2 ± 0.4 2.6 ± 0.4 2.0 ± 0.2

6*, 7* < 0.165 1.7 ± 0.2 0.2 ± 0.1 2.3 ± 0.2

Total  hydrophobic peptides 28.8 ± 1.5 23.2 ± 1.4 32.2 ± 3.3

–: Peaks did not appear or were too small to be integrated.
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of coagulant used, six or seven peaks appeared
in the chromatograms. Although the elution
profiles and retention times of the peaks in
the different chromatograms were similar,
retention time alone was considered insuf-
ficient to determine whether these peaks
were derived from the same peptides. To
emphasise this point, peaks in the chroma-
tograms derived from different cheeses
were labeled differently.

Six peaks appeared in the chromato-
grams of the hydrophobic fraction of cheese
made with cardoon coagulant, of which,
peaks 1 and 2 were predominant. These two
peaks contained peptides with molecular
mass greater than 14.3 and 6.5 kg·mol–1,
respectively. The molecular sizes of pep-
tides eluted in peaks 3 and 4 fall within the
range 165–6500 g·mol–1 while those of
peaks 5 and 6 were smaller than 165 g·mol–1.
Six peaks also appeared in the chromato-
grams of the hydrophobic fraction of cheese

made with microbial coagulant. Peaks 1’
and 3’ were predominant while the other
four peaks were much smaller in compari-
son. Of the six peaks, three (3’–5’) fall
within the peptide range of 165–6500 g·mol–1.
The hydrophobic peptides in cheese made
with calf rennet showed 7 peaks; of which,
1* and 2* were predominant. Three of the
seven peaks (3*–5*) fall within the peptide
range of 165–6500 g·mol–1. 

The total peak area of all hydrophobic
peptides of cheese made with cardoon was
significantly greater than that of calf or
microbial coagulant cheese at later stages of
ripening (60–90 d). However, this was
largely a result of the two large peaks, 1 and
2. As far as the peptides in the range of 165–
6500 g·mol–1 were concerned, highest levels
were found in microbial coagulant cheeses,
followed by cardoon coagulant cheese
while calf rennet cheese had the lowest levels,
especially at later stages of ripening.

Figure 2. SE-HPLC profiles of hydrophobic fractions of cheeses made from ovine milk with cardoon
(left), microbial (middle) and calf (right) coagulant. The cheeses were ripened for 30, 60 and 90 d,
respectively.
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The SE-HPLC eluate of the hydrophobic
fractions of ovine milk cheeses was also
measured at 280 nm (chromatograms not
shown), and the profiles showed a similar
trend to those recorded at 214 nm, except
that the number of peaks for microbial and
calf rennet cheeses was fewer when meas-
ured at 280 nm than at 214 nm. Also, the
peptides of all the cheeses exhibited much
lower absorbance at 280 nm than at 214 nm
and, consequently, the peak areas of the
hydrophobic peptides calculated were much
smaller than those at 214 nm (data not shown).

3.3. Bitterness of cheeses 

 Table III shows the average bitterness
scores of the cheeses made using different
coagulants given by a trained panel of 12
panelists. The coagulants used for the manu-
facture of the cheeses significantly (P < 0.05)
affected their bitterness scores. Cheese
made with cardoon extract received the
lowest bitterness scores, followed by calf
rennet cheese, while cheese made with
microbial coagulant received the highest
bitterness scores. The bitterness scores of
all cheeses remained unchanged between day
30–60, but decreased significantly (P < 0.05)
at later stages of ripening (60–90 d). 

Bitterness scores correlated signifi-
cantly  (P < 0.05) with peptides in the 165–
6500 g·mol–1 range and with the ratio of
these peptides to total peptides determined
at 214 nm. None of the other indices including
hydrophobic peptides, hydrophilic peptides
or their ratio determined either at 214 nm or
280 nm was significantly (P > 0.05) corre-
lated with panel bitterness scores.

4. DISCUSSION 

 Results presented in this study show that
the type of coagulant used in the manufac-
ture of ovine milk cheeses affected their
peptide profiles. In particular, cheese made
with cardoon extract was found to give a
greater amount of both hydrophilic and
hydrophobic peptides than cheese made
with either calf or microbial coagulant. Sim-
ilar findings have also been reported by
Sousa and Malcata [28] on ovine milk
cheese made with cardoon and calf rennet.
In a previous communication [7], we reported
that the levels of water-soluble nitrogen in
cheese made with cardoon extract were
higher than those in cheeses made with the
other two types of coagulant, which was
consistent with results obtained in the
present study. 

Previous studies have established that, in
general, hydrophobic peptides with molec-
ular masses between 300 and 6000 g·mol–1

taste bitter, while peptides outside this
molecular mass range exhibit little or no bit-
terness [9, 23, 25, 33]. Our results appeared
to confirm this theory. Thus, although
cheese made with cardoon extract gave the
highest levels of hydrophobic peptides, it
was however lower in the concentrations of
bitter peptides than microbial coagulant
cheese, while the latter showed the highest
bitter peptide levels among the cheeses
made with the three types of coagulant. This
explains the highest bitterness scores
awarded to microbial coagulant cheese by
the panel. This, however, does not explain
the lower bitterness scores received by car-
doon coagulant cheese than calf rennet

Table III. Mean bitterness scores of ovine milk cheeses as evaluated by a trained panel.

Type of 
coagulant

Cheese aged for

30 d 60 d 90 d

Cardoon 2.8 ± 0.1a 2.9 ± 0.2a 2.6 ± 0.1d

Calf 3.2 ± 0.2b 3.1 ± 0.1b 2.6 ± 0.2d

Microbial 3.5 ± 0.3c 3.7 ± 0.3c 2.9 ± 0.2a

a–d Values in the same column or row without a common superscript differ significantly (P < 0.05).
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cheese although the former had higher levels
of bitter peptides than the latter. A possible
hypothesis can be put forward to explain
this apparent discrepancy. It is possible that
the bitter taste of cardoon coagulant cheese
was masked to a greater degree than that of
the calf rennet cheese by other cheese fla-
vours, especially those contributed by low
molecular weight hydrophilic peptides and
free amino acids. As shown in Table I, and
also in our previous study [7], the use of car-
doon extract as a coagulant resulted in
cheeses with higher levels of water-soluble
nitrogen. Many of these water soluble pep-
tides and free amino acids are known to
have a sweet or savoury taste and give aro-
matic flavours [18, 25]. It is also worth noting
that the difference in bitterness scores between
cardoon and calf rennet cheeses were,
though statistically significant, not very big.

A number of peptide indices have been
proposed as indicators of bitterness inten-
sity of cheese. These include major peaks
eluded by reversed-phase HPLC detected at
280 nm [6], hydrophobic peptides, and the
ratio of hydrophobic to hydrophilic pep-
tides detected at both 214 and 280 nm [17,
20]. In the present work, bitterness scores
of cheeses given by a trained sensory panel
did not correlate with the level of hydropho-
bic nor hydrophilic peptides. Strong prote-
olysis, such as that occurred in cardoon
coagulant cheeses, resulted in higher levels
of both hydrophobic and hydrophilic pep-
tides, but lower perceived bitterness scores.
The ratio of hydrophobic to hydrophilic
peptides did not significantly (P > 0.05)
correlate with the bitterness score either.
This is probably due to the fact that these
indices do not take into account the fact that
only a small proportion of the hydrophobic
peptides taste bitter. This study appears to
show that those peptides are, in all likeli-
hood, size-dependent.

Previous studies have shown that the
water-soluble fraction of cheese is a major
contributor to cheese flavour [21], whereas
the water-insoluble fraction is thought to be
largely flavourless [23]. For this reason, the

present study only focused on the water-
soluble fraction of cheese. However, prep-
aration of the water-soluble fraction using
the Kouchroo and Fox method [19] has a
diluting effect with a consequent decrease
in ionic strength. As a result, the solubility
of the hydrophobic peptides may have
changed and their extractability affected
[14, 15]. It might be more appropriate in
future studies to use cheese juice to examine
proteolysis.

In summary, although cheese made
using cardoon coagulant gave higher levels
of peptides (both hydrophilic and hydro-
phobic) than the cheeses made with other
two types of coagulant, its levels of bitter
peptides were not high, and the cheese was
actually lower in bitterness intensity as per-
ceived by a trained panel, probably due to
flavour modification by other cheese com-
ponents. Notwithstanding the fact that pro-
teolytic activity of bacteria, especially
some of the non-starter bacteria, is mainly
responsible for the production of bitter pep-
tides, this study appears to confirm that
milk coagulant can play a role in determin-
ing the bitterness in cheese.

Acknowledgements: This work was partly funded
by the Australian Rural Industries Research and
Development Corporation Grant NAP 98-26.
We are grateful to Dr Roger Mandel for the tech-
nical assistance in the HPLC work and to
Dr Chantal Maury for the French translation of
the abstract.

REFERENCES

[1] Banks J.M., Roa I., Muir D.D., Manipulation
of the texture of low-fat Cheddar using a plant
protease extracted from Cyanara carduncu-
lus, Aust. J. Dairy Technol. 53 (1998) 105–
112.

[2] Barcenas P., Perez-Elortondo F.J., Salmeron
J., Albisu M., Development of a preliminary
sensory lexicon and standard references of
ewes milk cheeses aided by multivariate sta-
tistical procedures, J. Sens. Stud. 14 (1999)
161–179. 

[3] Barcenas P., Salmeron J., Perez-Elortondo
F.J., Albisu M., Evaluation of a taste panel



Role of coagulant in ovine cheese bitterness 577

during training for sensory analysis of Idia-
zabal cheese, Alimenta  289 (1998) 51–55.

[4] Battistotti C., Corradini C., Italian cheese, in:
Fox P.F. (Ed.), Cheese: Chemistry, Physics
and Microbiology, Vol. 2, 2nd edn., Chap-
man & Hall, London, UK, 1999, pp. 221–
237.

[5] Carrera E., Gaya P., Medina M., Nunez M.,
Effect of milk coagulant on the formation of
hydrophobic and hydrophilic peptides during
the manufacture of bovine milk Hispanico
cheese, Milchwissenschaft 54 (1999) 146–
149.

[6] Champion H.M., Stanley D.W., HPLC sepa-
ration of bitter peptides from Cheddar
cheese, Can. Inst. Food Sci. Technol. J. 15
(1982) 283–288.

[7] Chen S., Agboola S., Zhao J., Use of Austra-
lian cardoon extract in the manufacture of
ovine milk cheese - a comparison with com-
mercial rennet preparations, Int. J.  Food Sci.
Technol. 38 (2003) 799–807.

[8] Chen S., Zhao J., Agboola S., Isolation and
partial characterisation of rennet-like pro-
teases from Australian cardoon (Cynara
cardunculus L.), J. Agric. Food Chem. 51
(2003) 3127–3134.

[9] Clegg K.M., Lim C.L., Manson M., The
structure of a bitter peptide derived from
casein by digestion with papain, J. Dairy Res.
41 (1974) 283–287. 

[10] Cliffe A.J., Marks J.D., Mullholl F., Isolation
and characterization of non-volatile flavours
from cheese: peptide profile of flavour frac-
tions from Cheddar cheese, determined by
reverse-phase high performance liquid chro-
matography, Int. Dairy J. 30 (1993) 379-387.

[11] Cogan T.M., Hill P.F., Cheese starter cultu-
res, in: Fox P.F. (Ed.), Cheese: Chemistry,
Physics and Microbiology, Vol. 2, 2nd edn.,
Chapman & Hall, London, UK, 1999, pp.
193–256.

[12] Exterkate F.A., The proteolytic system of the
starter Streptococci: the crucial point in chee-
semaking, Neth. Milk Dairy J. 37 (1983) 94–
96.

[13] Fernandez-Garcia E., Ramos M., Polo C.,
Juarez M., Olano A., Enzyme accelerated
ripening of Spanish hard cheese, J. Food
Chem. 28 (1988) 63–80.

[14] Gagnaire V., Trotel E., Le Graët Y., Léonil J.,
Role of electrostatic interactions in the curd
of Emmental cheese, Int. Dairy J. 12 (2002)
601–608.

[15] Gagnaire V., Boutrou R., Léonil J., How can
the peptides produced from Emmental
cheese give some insights on the structural

features of the paracasein matrix?, Int. Dairy
J. 11 (2001) 449–454.

[16] Gaya P., Medina M., Rodriguez M.M.A.,
Nunez M., Accelerated ripening of ewes’
milk Manchego cheese: the effect of elevated
ripening temperatures, J. Dairy Sci. 73 (1990)
26–32.

[17] Gomez M.J., Garde S., Gaya P., Medina M.,
Nunez M., Relationship between level of
hydrophobic peptides and bitterness in
cheese made from pasteurized and raw milk,
J. Dairy Res. 64 (1997) 289–297.

[18] Izco J.M., Irigoyen P., Torre P., Barcina Y.,
Effect of added enzymes on the free amino
acids and sensory characteristics in Ossau-Iraty
cheese, Food Control 11 (2000) 201–207.

[19] Kuchroo C.N., Fox P.F., Soluble nitrogen in
Cheddar cheese: comparison of extraction
procedures, Milchwissenschaft 37 (1982)
331–335.

[20] Lau K.L., Barbano M., Rassmusen R.R.,
Influence of pasteurisation of milk on protein
breakdown in Cheddar cheese during aging,
J. Dairy Sci. 74 (1991) 727–740.

[21] McGugan W.A., Emmons D.B., Larmond E.,
Influence of volatile and non-volatile frac-
tions on intensity of Cheddar cheese flavour,
J. Dairy Sci. 62 (1979) 398–403.

[22] McSweeney P.L.H., Pochet S., Fox P.F.,
Healy A., Partial identification of peptides
from the water-insoluble fraction of Cheddar
cheese, J. Dairy Res. 61 (1994) 587–590.

[23] Ney K.H., Voraussage der Betterkeit von
Peptiden aus deren Aminosaürezusammen-
zetzung, Z. Lebensm.Unters. Forsch. 147
(1971) 64–71.

[24] O’Sullivan J., Molecular weight profile
(MWP) by gel permeation HPLC, N. Z. Dairy
Res. Inst. Rep. FC 97 R18 (1997).

[25] Pedersen B., Removing bitterness from pro-
tein hydrolysates, Food Technol. 10 (1994)
96–98.

[26] Picon A., Gaya P., Medina M., Nunez M.,
Microencapsulation of cyprosins from flowers
of Cynara cardunculus L. in dehydration-
rehydration liposomes, Biotechnol. Lett. 16
(1994) 1031–1034.

[27] Singh T.K., Fox P.F., Healy A., Water-solu-
ble peptides in Cheddar cheese: isolation and
identification of peptides in the infiltration
retentive of the water-soluble fraction, J.
Dairy Res. 62 (1995) 629–640.

[28] Sousa M.J., Malcata F.X., Identification of
peptides from ovine milk cheese manufactu-
red with animal rennet or extracts of Cynara
cardunculus as coagulant, J. Agric. Food
Chem. 46 (1998) 4034–4041.



578 S. Agboola et al.

[29] Sousa M.J., Malcata F.X., Advances in the
role of a plant coagulant (Cynara carduncu-
lus) in vitro and during ripening of cheeses
from several milk species, Lait 82 (2002)
151–170.

[30] Vafopoulou A., Alichanidis E., Zerfirids
G.D., Accelerated ripening of Feta cheese,
with heat-shocked cultures or microbial pro-
teinases, J. Dairy Res. 56 (1989) 285–296.

[31] Viser F.M.W., Contribution of enzymes from
rennet, starter bacteria and milk to proteolysis
and flavour development in Gouda cheese. 2.
Development of bitterness and cheese fla-
vour, Neth. Milk Dairy J. 31 (1977) 188–209.

[32] Visser S., Hup G., Exterkate F.A., Stadhouders
J., Bitter flavour in cheese. 2. Model studies

on the formation and degradation of bitter
peptides by proteolytic enzymes from calf
rennet, starter cells and starter cell fractions,
Neth. Milk Dairy J. 37 (1983) 169–180.

[33] Wieser H., Belitz H.D., Zusammenhange
zwischen Struktur und Bitternesschmack bei
Aminosauren und Peptiden. II. Peptide und
Peptidderivate, Z. Lebensm. Unters. Forsch.
160 (1974) 383–392.

[34] Zhao J., Chen S., Agboola S., Characterisa-
tion of milk-clotting properties of Australian
cardoon (Cynara carduculus L.) extracts and
comparison with commercial coagulants on
different substrates, Milchwissenschaft 59
(2004) 59–63.

To access this journal online:
www.edpsciences.org


