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Abstract

Two di�erent draining temperatures, 15 and 21�C were applied to ®ve Feta cheese curds made with di�erent starters, containing
mesophilic or thermophilic strains or mixtures of them. After 20 h of draining, the pH of curds made with thermophilic starters

ranged from 5.28 to 5.49. The draining temperature signi®cantly a�ected (P<0.05) the pH and the total solids of the cheeses. The
inclusion of whey proteins in the cheese curd due to the insu�cient draining of cheeses at 15�C, resulted in higher water-soluble
nitrogen (WSN), as % of total nitrogen content. Free amino acid contents were signi®cantly a�ected (P<0.05) by the draining
temperature and by the presence of thermophilic lactobacilli in the starter mixture. Draining temperature also signi®cantly a�ected

(P<0.05) residual �s- and �-casein and the RP-HPLC pro®les of the WSN. The C2:0 to C8:0 free fatty acids, hardness (kg) and
fracturability (kg), as well as the total organoleptic scores, were signi®cantly (P<0.05) higher in feta drained at 21�C. # 2001
Elsevier Science Ltd. All rights reserved.
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1. Introduction

Feta is a semi-soft white brined cheese traditionally
made from ewes' or from mixtures of ewes' and goats'
milks. Its typical ¯avour is mildly rancid, slightly acid
and salty. It has a rather ®rm and smooth texture, which
makes the cheese sliceable. No gas holes should be pre-
sent, but irregular small mechanical openings are desir-
able (Abd El-Salam, Alichanidis & Zer®ridis, 1993). In
the past, Feta cheese was made without starters. During
the last decade, yogurt or starters have been used, but
usually without control of the draining temperature.
Although the use of thermophilic starters is not in
accordance with the temperatures used for the manu-
facture of this cheese variety, the use of yogurt as a
starter is a common practice for traditional Feta cheese.
Therefore, textural, sensory and microbiological defects,
correlated with inadequate acidi®cation of Feta cheese
curd, are common.

Draining is the critical point in feta cheese manu-
facture. It is controlled by the acid development in the
curd and by dry salting because no pressing is involved.
During the draining, the greatest part of Feta proteo-
lysis and lipolysis occur (Alichanidis, Anifantakis,
Polychroniadou & Nanou, 1984; Vafopoulou, Alicha-
nidis, & Zer®ridis, 1989). The aim of the present work
was to study the in¯uence of the draining temperature
on the characteristics of Feta cheese made with di�erent
starter cultures, including mesophilic and/or thermo-
philic strains. Cheeses were analyzed at 60 days, which
is the minimum ripening period before feta consump-
tion (Codex Alimentarius, 1988).

2. Materials and methods

2.1. Cheese manufacture

Five cheesemaking trials were conducted at a cheese
pilot plant. Each day, 300 kg of standardized (casein to
fat ratio: 0.68±0.72) pasteurized (72�C/20 s), ewes' milk
were equally divided in ®ve cheesevats (A, B, C, D, E).
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Deep frozen (ÿ80�C) mesophilic and thermophilic
strains obtained from Agricultural University of
Athens-Dairy Collection and isolated from Feta cheese
curd, were used as starter cultures. Mother and inter-
mediate cultures grew in reconstituted sterilized non-fat
milk powder and the ®nal inoculum in ewes' milk
heated at 95�C for 5 min. After the addition of CaCl2
(10g/100kg milk), at 35�C, the starters were inoculated at
1% rate as follows: A. Lactococcus lactis subsp. lactis
ACA-DC 0051+Lactococcus lactis subsp. lactis ACA-
DC 0049 (1:1); B. Lactococcus lactis subsp. lactis ACA-
DC 0051+Lactococcus lactis subsp. lactis ACA-DC
0049+Streptococcus thermophilusACA-DC0022 (1:1:2);
C. Lactococcus lactis subsp. lactis ACA-DC 0051+Lac-
tococcus lactis subsp. lactis ACA-DC 0049+Lactoba-
cillus delbrueckii subsp. bulgaricusACA-DC 0105 (1:1:2);
D. Lactococcus lactis subsp. lactis ACA-DC 0051+Lac-
tococcus lactis subsp. lactis ACA-DC 0049+Strepto-
coccus thermophilus ACA-DC 0022+Lactobacillus
delbrueckii subsp. bulgaricusACA-DC 0105 (1:1:1:1) and
E. Streptococcus thermophilus ACA-DC 0022+Lactoba-
cillus delbrueckii subsp. bulgaricus 0105 (1:1).
After 15 min, 3.5 g rennet powder (HALA, Chr.

Hansen's, Denmark), were added per 100 kg milk. The
mean clotting time was 8.2 min at 35oC. Cheese curd
was cut into 20 mm cubes, 45 min after the rennet
addition. After 10 min, the fresh cheese curds, marked
as the respective cultures, were put into feta moulds.
Each cheese curd was divided in two batches, intended
to drain at 15 or 21�C. Dry salt was added and after 4 h
the fresh cheeseblocks were turned and dry-salted again.
After 20 h of draining they were cut into pieces, dry-
salted and left in containers until the pH reached 4.80±
4.60. Then, the cheese pieces were washed and kept with
dry salt in sealed tins for a further 10 days in the
respective room (15 or 21�C). Finally, the cheeses were
washed and packaged into tins ®lled with 7.5% brine,
sealed and stored at 4�C.
Cheese samples 60-days-old, from each treatment

(symbolized as A, B, C, D and E, according to the cultures
used) and from each ripening temperature, were analyzed.

2.2. Biochemical analyses

Total solids (TS) were determined in triplicate
according to IDF (1982). Ash was determined in tripli-
cate at, 550�C to constant weight. Total nitrogen (TN),
was determined in triplicate by the Kjeldahl method.
Water-soluble nitrogen (WSN) was obtained by homo-
genizing of 1 g cheese with 5 ml H2O according to
`Method I' for WSN extraction, cited in `AIR-FLORA
Laboratory Manual' (1997) and nitrogen content was
determined in duplicate by the Kjeldahl method. Free
amino acids (N-NH2) content was determined in 100 ml
WSN in triplicate, by the Cd-ninhydrin method (Folk-
ertsma & Fox, 1992).

Cheese samples and their water soluble extracts
(WSN) were analyzed in duplicate by urea-PAGE, using
the method of Andrews (1983) with direct staining using
Coomassie Brilliant Blue G-250 (Blakesley & Boezi,
1977). Electrophoresis was carried out on a vertical slab
unit (LKB vertical electrophoresis unit 2001, Bromma,
Sweden) in slabs 140�160 mm with thickness 1.5 mm.
After destaining with water, gel slabs were digitized by a
scanner (Hewlett Packard, ScanJet 4c/T) linked to an
image processing system (GelCompar v. 4.0, Applied
Maths, Belgium). A suspension of 240 mg cheese in 10
ml stacking gel bu�er, containing 6 M urea, 0.1 M �-
mercaptoethanol and 0.4 ml tracking dye solution, was
kept at 40�C for 15 min, and then centrifuged at 3000 g
for 15 min at 4�C. The solidi®ed fat layer was discarded
and 10 ml of the supernatant were used for electrophor-
esis. Equal volumes of WSN fraction and stacking gel
bu�er, containing 9 M urea, 0.1 M �-mercaptoethanol
and tracking dye, were mixed and 50 ml of this sample
were used for electrophoresis.
Analyses of 50 ml water-soluble extracts were per-

formed using an automated HPLC system of WATERS
(WATERS, 34 Marple Street, Milford, MA 01757,
USA), consisting of one pump to mix four solvents
(WATERS 600), a diode array UV/Vis detector
(WATERS 996), a helium degasser and a Rheodyne
injector (model 7125, Rheodyne Inc., Cotati, California,
USA). The data acquisition and processing were per-
formed by the MILLENIUM v. 2.15 software (1994,
WATERS Corp.). A RP C18 Nucleosil wide pore col-
umn (5um, 30nm, 250X4.0 mm, Macherey-Nagel,
Duren, Germany) with a guard column (30�4.0 mm)
was used. Chromatographic conditions were: Solvent A,
1 ml/l tri¯uoroacetic acid (TFA) in water; solvent B, a
mixture of 600 ml/l acetonitrile, 399 ml/l water and 1
ml/l TFA; ¯ow rate 0.75 ml minÿ1. The method used for
sample elution is described by Moatsou, Kandarakis,
Georgala, Alichanidis and Anifantakis (1999). The
absorbance of the eluate was monitored at 220 nm. The
solvents and the samples were ®ltered through 0.45 mm
Nylon 66 or cellulose acetate ®lters respectively (Lida
Manufacturing Corp, Kenosha WI 53143-6615, USA).
Free fatty acids (FFA) were extracted from cheese

and determined by gas chromatography, according to
the method described by Nieuwenhof and Hup (1971).
The FFA (C2:0-C12:0) were separated with a 1.50 m �
3.175 mm outer diameter glass column packed with 5%
Carbowax 20M-terephthalic acid on Chromosorb W-
AW-DMCS (60±80 mesh), using a Hewlett-Packard
(model 5700A) gas chromatograph. The gas chromato-
graph was equipped with a ¯ame ionization detector
(FID) and was connected to Varian recorder (model
4270). The GC conditions were: 250oC injector and
detector temperature and a helium gas ¯ow rate of 30
ml/min, initial column temperature 65�C, temperature
programme rate 4�C/min, ®nal temperature 240�C.
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2.3. Rheological analyses

A Shimadzu Testing Instrument, model AGS-500NG
(Shimadzu Corp., Japan) equipped with a 50 kg load
cell was used for objective analysis of textural properties
of cheese. A plunger (diameter 50 mm) was attached to
the moving crosshead. The speed of the crosshead was
30 mm/min in a downward direction. Feta cheese sam-
ples (25�25�25 mm) were compressed at 20�C to 80%
of their original height. From the compression curves,
hardness (the force at 80% compression), fracturability
(the force at the point of fracture) and% compression at
fracturability point were calculated. The textural char-
acteristics of cheeses from the ®ve starters and two drain-
ing temperatures were evaluated simultaneously. Five
replicate measurements were made on each cheese sample.

2.4. Sensory analyses

All cheeses were tested at 60 days by a panel of 15
persons familiar to cheese grading, in a random order.
They scored cheeses for colour (0±15 points), body and
texture (0±30 points) and ¯avour (0±55 points). They
also recorded ¯avour and textural defects.

2.5. Statistical analysis

Multifactor analysis of variance was used to test the
in¯uence of the draining temperature, of the starters
and of the interaction between them. Further testing
was carried out by a multiple range test procedure using
the LSD test (P<0.05). Relationship between di�erent
variables was determined by Regression Analysis. The
software STATGRAPHICS Plus for Windows v. 5.2
(1995, Manugistics, Inc., Rockville, Maryland 20852,
USA) was used for data manipulation.

3. Results and discussion

3.1. Cheese milk characteristics

The mean pH of cheese milk was 6.64. The mean
chemical composition of raw milk, as determined by
Milkoscan apparatus (model 255 A/B, type 25700,
Fosselectric, Denmark) was: fat 6.19%, total protein
5.52%, lactose 4.74% and total solids 17.74%. The
mean somatic cell counts, determined by Fossomatic
apparatus (model 250, type 25800, Fosselectric, Den-
mark) were 1.6�106 cells/ml. Mesophilic aerobic ¯ora,
enumerated on Plate Count Agar (Biokar, France) after
incubation at 30�C for 3 days, was 2�107 cfu/ml. After
the pasteurization, the somatic cell counts were
decreased to 8�105 cells/ml, due to the presence of a
centrifugal clari®er in the pasteurization line, and
mesophilic aerobic ¯ora was 65�103 cfu/ml.

The high mesophilic aerobic ¯ora counts of raw ewe's
cheese milk are attributed to the mountainous character
and the climate of Greece, which make the collection
and the fast cooling of milk rather di�cult.

3.2. Acidi®cation rate

The mean pH and temperature values of the Feta
curds during the ®rst 20 h of draining are shown in
Table 1. After 8 h of draining, pH of A, B and C cheeses
ranged within pH 5.0±5.2, that is necessary for proper
draining of Feta cheese (Abd El-Salam et al., 1993). In
cheese D Ð in which the ratio of mesophilic starters was
lower than that of A, B and C cheeses Ð and in cheese
E, made without mesophilic starters, the acidi®cation
rate was slower. After 20 h, the pH values of cheeses
made with mesophilic starters (A, B, C and D) were
within the required pH 4.80±5.00. In cheese E there was
no further acidi®cation from 8 to 20 h. When curd
temperature had been equalized with the respective
draining room temperature (after 20 h), the pH of curds
drained at 21�C was lower than that of their pairs at
15�C, especially between the curds made with thermo-
philic starters (E).
The prolonged draining resulted in a high moisture

®nal product, with bad texture and excessive gas pro-
duction during the packaging in the tins. The moulds,
yeasts and coliforms had proliferated, due to the slow
acidi®cation. In order to minimize these problems,
cheeses with low acidi®cation rate had to be washed and
dry-salted many times during the draining, so the ®nal
product had a high salt in moisture content. The
absence of mesophilic strains from the culture E and the
insu�cient synergistic growth of the two thermophilic
strains at the temperatures used, seemed to be the rea-
sons for the low acidi®cation of curd E.

Table 1

Meana pH and temperature values of Feta cheese curds during the ®rst

20 h of draining

Draining (h) Room Tb Curd Tb pH

Ac Bc Cc Dc Ec

2 15 28.9 6.17 6.00 6.07 6.27 6.28

21 30.2 6.06 6.02 6.05 6.19 6.14

4 15 26.7 5.89 5.65 5.72 5.77 5.91

21 27.5 5.78 5.42 5.64 5.60 5.63

8 15 21.8 5.32 5.08 5.16 5.35 5.45

21 25.5 5.17 4.95 5.10 5.37 5.46

20 15 15.8 4.95 4.94 4.91 4.95 5.49

21 21.4 4.81 4.86 4.83 4.80 5.28

a Means of ®ve cheesemaking trials.
b Temperature (oC).
c See Section 2.1.
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3.3. Biochemical characteristics

The physicochemical characteristics of 60 day-old
Feta cheeses are shown in Table 2. Both factors, tem-
perature of draining and starter culture, had a
signi®cant e�ect on 60-day-old Feta pH (P=0.006 and
P=0.001, respectively). The pH of cheeses made with
thermophilic starters (E) was signi®cantly higher
(P<0.05) than that of cheeses A, B, C and D, as repor-
ted by Litopoulou-Tzanetaki, Tzanetakis and Vafopou-
lou-Mastrojiannaki, (1993) for Feta made with di�erent
starters. In all cheeses drained at 21�C, the pH value at
60 days was lower than that of cheeses drained at 15oC,
as also happened with the acidi®cation rate data (Table 1).
Total solids were signi®cantly a�ected by the tem-

perature of draining (P=0.000) and by the starter
(P=0.000). The total solids percentage of cheeses
drained at 21�C was signi®cantly higher than that of
cheeses drained at 15�C, due to the intense draining
caused by the higher acid development at 21�C. As pH
decreases the cheese whey removal and the loss of cal-
cium phosphate from the casein micelles increase
(Lawrence, Creamer & Gilles, 1987). Therefore, the ash
contents of Feta cheeses drained at 15�C were higher.
Also, cheese made with thermophilic starters (E) had
signi®cantly lower total solids and higher ash contents
than A, B, C and D cheeses. Total solids of cheeses A,
B, C and D drained at 15�C were at the level of 44%,
which is the limit for Feta cheese according to Codex
Alimentarius (1988).
The draining temperature and the starter mixtures

had signi®cant e�ect (P<0.05) on WSN, as % of TN
fraction of cheeses. In cheeses E drained at both

temperatures, this fraction was signi®cantly higher
(P<0.05) than that of cheeses A, B, C and D. The lower
acidi®cation of the cheeses drained at 15oC and of the
cheeses E, resulted in higher retention of whey proteins
in the cheese curd, which are included in the WSN. In
general, the N content of this fraction was lower than
that of NCN, as % of TN fraction reported for 40±80 d-
old Feta, which range between 16.6-29.8% (Alichanidis
et al., 1984; Litopoulou-Tzanetaki et al., 1993; Mal-
latou, Pappas & Voutsinas, 1994; Vafopoulou et al.,
1989; Vafopoulou-Mastrojiannaki, Litopoulou-Tzane-
taki & Tzanetakis, 1990), probably due to the higher
salt in moisture content of the cheeses analyzed in the
present study.
Draining temperature signi®cantly a�ected (P=0.024)

the N-NH2 content of cheeses. The same also happened
with the starter mixture (P=0.038). The N-NH2 con-
tents of the cheeses made with starters, including ther-
mophilic strains (B, C, D and E) and drained at 21�C,
were higher than the respective values of the cheeses
drained at 15�C. It has been reported, for di�erent
cheeses, that the increase of ripening temperature pro-
motes the increase of the fraction soluble at 5% PTA
(Aston, Gilles, Durward & Dulley, 1985; NunÏ ez, Gar-
cia-Acer, Rodriguez-Marin, Medina & Gaya, 1986;
Gaya, Medina, Rodriguez-Marin & NunÏ ez, 1990; Frei-
tas & Malcata, 1998), which includes mainly amino
acids and peptides with molecular mass lower than 600
Da (Jarret, Aston & Dulley, 1982) more intensively than
the other nitrogenous fractions. The N-NH2 values of
cheeses C, D and E, containing the strain of thermo-
philic lactobacilli and ripened at 21�C, were higher than
that of the other cheeses. Cheese C, drained at 21�C and

Table 2

Biochemical characteristicsa of 60-day-old Feta cheeses

Draining temperature (�C) Ab Bb Cb Db Eb

pH 15 4.63a,b 4.61a* 4.58a 4.61a* 4.83b

21 4.53a 4.44a 4.48a 4.43a 4.74b

Total Solids, % 15 44.14b 44.67b 43.95b 44.26b 40.18a

21 48.93b* 50.31b* 49.84b* 49.31b* 46.77a*

Ash,% 15 5.25a 5.21a 5.34a 5.27a 7.44b

21 4.62a 4.54a 4.62a 4.63a 6.85b

WSN,% of TNc 15 16.59a* 15.37a 16.91a* 16.58a* 24.10b*

21 10.72a 11.39a 11.45a 10.89a 14.79b

N-NH2 (mmol Leu) 15 0.57a 0.46a 0.71a 0.57a 0.52a

21 0.53a 0.61a,b 0.90b 0.75a,b 0.71a,b

Residual �-CNd 15 27.2 27.5 * 29.5 27.5 * 28.9

(�103) 21 19.4a,b 21.9a,b 22.9a,b 18.0a 23.4b

Residual �s-CN
d 15 20.3 21.1 21.1 21.4 * 24.0

(�103) 21 18.9 19.0 18.3 17.5 19.0

Faster than 15 20.8 19.5 22.2 * 21.9 * 17.8

�s-CN
d (�103) 21 19.4a,b 21.9a,b 22.9a,b 18.0a 23.4b

a Means of ®ve cheesemaking trials. Means in the same row of each cell with di�erent letters are signi®cantly di�erent (LSD test, P<0.05).
b See Section 2.1.
c Water-soluble nitrogen expressed as percentage of total nitrogen.
d Casein area determined by urea-PAGE, expressed as percentage of cheese total protein.

*Signi®cantly di�erent means in the same column of each cell (LSD test, P<0.05).
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made with starters combining mesophilic strains and the
thermophilic bacilli, had the highest N-NH2 content.
Therefore, the elevated temperature of draining pro-
moted the high aminopeptidase and dipeptidase activ-
ities reported for thermophilic lactobacilli (Pritchard &
Coolbear, 1993).
The draining temperature had a signi®cant e�ect on

the area of the fractions moving faster than �s-CN
(P=0.000), on the area of the residual �s-CN
(P=0.011) and on the area on the residual �-CN
(P=0.000). The starter mixture had no signi®cant e�ect
on these results. The pro®le of cheese E was very di�er-
ent, especially concerning the zone i, which was evident
only in cheeses E and was more intense in cheese E

ripened at 21oC (Fig. 1). The pro®les of the WSN
extraction tended to be in accordance with the N con-
tents of the water soluble fraction.
Residual �s-CN and �-CN areas were higher,

although not signi®cantly, in cheeses drained at 15oC.
The residual �s-CN was higher in cheeses with lower
acidi®cation rate (Table 1). The higher draining tem-
perature resulted in lower cheese curd pH, which
enhanced residual rennet activity and �s-CN hydrolysis
during the ®rst stage of cheese ripening. The main pro-
teolytic factors in Feta are expected to be the residual
rennet and both the starters and the native micro¯ora
enzymes. Plasmin activity was not expected to be
intense in view of the pH and salt conditions of this

Fig. 1. Urea-PAGE pro®les of 60-day-old feta cheeses and of the respective water-soluble fractions drained at 15 or at 21�C. Lanes 1, 2: Feta A;

lanes 3, 4: Feta B; lanes 5, 6: Feta C; lanes 7, 8: Feta D; lanes 9, 10: Feta E (for A, B, C, D and E cheeses, see Section 2.1).
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cheese, while residual rennet activity was expected to be
high (Van den Berg & Exterkate, 1993). Michaelidou,
Alichanidis, Urlaub, Polychroniadou and Zer®ridis
(1998) have reported that most of the major water-
soluble peptides in 6-month-old Feta originated from
the N-terminal half of �s-CN molecule and their for-
mation can be attributed to chymosin action.
As was shown from the ratio of residual as-CN to

residual �-CN, the draining temperature had more
in¯uence on residual �-CN than �s-CN. This could be
ascribed to the increase of the starter activity at 21�C,
since residual chymosin activity on �-CN is inhibited by
high salt in moisture content, because of the conforma-
tional e�ect of NaCl on the molecule region that is sus-
ceptible to hydrolysis by chymosin (Fox, 1989). But in
6-month-old Feta, major water-soluble peptides origi-
nating from the C-terminal domain of �-CN are the
result of the cleavage of bonds susceptible to chymosin
action (Michaelidou et al., 1998).
The area of the fractions moving faster than �s-CN

was higher in cheeses drained at 15�C than in those
drained at 21�C. Apparently the low molecular mass
nitrogenous compounds that according to the N-NH2

contents were higher in cheeses drained at 21oC, were
not ®xed on polyacrylamide gel with 12% TCA.
The ratio of hydrophobic to hydrophilic peptides

(HB/HL) in RP-HPLC pro®les of the WSN extractions
(Fig. 2) was calculated according to Gonzalez de Llano,
Polo and Ramos (1995), that is the ratio of peptides
eluted from 40 to 100 min to those eluted from 10 to 40
min (Table 3). The e�ect of ripening temperature was
signi®cant on the 10±40 min portion (P=0.000), on the
70±100 min portion (P=0.000) and on HB/HL ratio
(P=0.000). The e�ect of starters was signi®cant
(P<0.05) on all the portions of RP-HPLC pro®les. The
higher activity of starters at 21�C resulted in higher
percentages of the 10±40 min portion, that includes
hydrophobic and/or small peptides (Belitz & Kaiser,
1993; Kaiser, Belitz & Fritsch, 1992). In cheese E, in

which the acidi®cation was low, this percentage was
lower than that of cheeses A, B, C and D.
The 40±70 min portion had the same tendency. It has

been reported that amino acids and peptides with
molecular mass lower than 3000 Da are usually eluted
by CH3CN concentration <30% (Engels & Visser,
1994; Kaiser et al., 1992). The rear region (70±100 min
portion of the pro®les) was greater in cheeses ripened at
15�C and in cheeses E drained at both temperatures.
According to Tieleman and Warthesen (1991), hydro-
phobic and/or large peptides and proteins are eluted in
this region. Michaelidou et al. (1998) have reported that
whey proteins are eluted after 80 min. The area percen-
tage of the 70±100 min portion was linearly correlated
with WSN, as % of TN fraction (r=0.748, P<0.01).
Furthermore, the 10±40 and 40±70 min portions were
negatively linearly correlated with WSN, as % of TN
fraction (r=ÿ0.625 and r=ÿ0.532, respectively,
P<0.01). Therefore, the high percentages of the 70±100
min portion in these cheeses, was the result of insu�-
cient draining. The residual rennet activity was expected
to be lower than in the other cheeses, due to the higher
cheese curd pH. So, the pool of large and medium-size
peptides resulting from chymosin action on caseins,
which are the substrate for the micro¯ora peptidases,
was expected to be lower, leading to lower accumulation
of small peptides, and amino acids in the front region of
the chromatogram.
As shown in Table 3, the draining temperature more

intensively a�ected the HB/HL ratios of Feta cheeses,
made with starters including thermophilic lactobacilli
strains. In cheeses A and B, drained at 15�C this ratio
(HB/HL) was about 22% higher than those drained at
21�C. In C, D and E cheeses this di�erence was greater
than 30%, likely due to the increase of aminopeptidase
and dipeptidase activity of thermophilic lactobacilli
at the higher draining temperature. The HB/HL ratio
was linearly correlated with cheese pH (r=0.518,
P<0.001).

Table 3

Peptide areasa in RP-HPLC pro®les of water-soluble extracts of 60-day-old Feta cheeses

RP-HPLC portion (min) Draining temperature (�C) Ab Bb Cb Db Eb

10±40 15 10.3 b 8.6 a, b 9.5 a, b 8.5 a, b 7.0 a

21 12.3 a, b 10.4 a, b 13.3 b 11.6 a, b 9.7 a

40±70 15 44.5 c 43.3 b, c 40.5 a, b 42.5 b, c 37.8 a

21 46.3 b 45.1 b 45.1 b 43.9 b 37.0 a

70±100 15 33.6 a 36.1 a 36.2 a * 37.9 a, b * 43.2 b

21 28.9 a 31.7 a 29.4 a 31.0 a 39.9 b

HB/HLc 15 7.8 a 9.5 a, b 8.1 a * 9.6 a, b 12.4 b

21 6.1 a, b 7.4 a, b 5.6 a 6.7 a, b 8.2 b

a Means of three cheesemaking trials, expressed as percentage of Chromatogram Area Units (CAU) of each portion on total chromatogram

CAU. Means in the same row of each cell with di�erent letters are signi®cantly di�erent (LSD test, P<0.05).
b See Section 2.1.
c Ratio of peptides eluted from 40 to 100 min to those eluted from 10 to 40 min.

*Signi®cantly di�erent means in the same column of each cell (LSD test, P<0.05).
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The draining temperature signi®cantly a�ected
(P<0.05) the C2:0, C4:0, C6:0, C10:0 and C12:0 free fatty
acids shown in Table 4, as well as the total of C2:0-C8:0.
The starter mixture signi®cantly a�ected (P<0.05) all
the variables of Table 4. The FFA C2:0 to C8:0, espe-
cially acetic and butyric acid, are known to contribute
to the organoleptic characteristics of Feta cheese.
Higher concentrations of volatile acids develop in ewes'

milk cheese than cow's milk cheese (Abd El Salam et al.,
1993). The concentration and percentages of acetic and
butyric acids, which are characteristic of feta ¯avour,
vary considerably (Efthymiou, 1967; Alichanidis et al.,
1984; Vafopoulou et al., 1989). The elevation of drain-
ing temperature enhanced the overall lipolytic activity in
cheese during the early stages of ripening. The acetic
acid is produced during the early stages of ripening and

Fig. 2. RP-HPLC pro®les (A220) of 60-day-old feta water-soluble nitrogen, drained at 15oC and at 21oC. (A) Feta made with mesophilic starters and

(E) Feta made with thermophilic starters, as described in Section 2.1.
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lactose is present even in mature cheese, so it could be
assumed that acetic acid is produced mainly through the
fermentation of lactate (Abd El Salam et al.). The
highest amount of acetic acid in cheese E, could be
attributed to the growth of microbial groups including
species that produce acetic acid from lactose.

3.4. Rheological characteristics

The results of the rheological examinations are shown
in Table 5. There were statistically signi®cant di�erences
(P<0.05) in the hardness and fracturability of the
cheeses at both draining temperatures. The cheeses
drained at 21�C exhibited higher values for hardness
and fracturability than those drained at 15�C, due to
their lower pH values and higher total solids and pro-
tein content (Table 2). It is well known that high acidity,
protein and total solids contents make cheese harder
and less easily deformed (Creamer & Olson, 1982; Fer-
nandez del Polo, Gaya, Medina, Rodriguez-Marin &
NunÏ ez, 1988). Starter mixtures did not signi®cantly

a�ect the rheological properties, although hardness and
fracturability of cheeses E were lower than that of the
others at both draining temperatures.

3.5. Organoleptic characteristics

The draining temperature signi®cantly a�ected the
body and texture of 60-day-old cheeses at P=0.055 and
their ¯avour at P=0.058 (Table 6). Total organoleptic
score (colour+body and texture+¯avour) was a�ected
at P=0.038. The e�ect of starter mixture on the total
organoleptic scores was signi®cant (P=0.000). Cheeses
E drained at 15 or 21�C had signi®cantly (P<0.05)
lower scores from those, in which mesophilic starters
were included in the starter mixture. Similar results have
been reported by Litopoulou-Tzanetaki et al. (1993).
But, small di�erences in the organoleptic parameters of
Feta cheese are di�cult to determine, bearing in mind
the mildly rancid, acid and salty taste of this cheese. As
expected, the linear correlation of total organoleptic
score with the 70±100 min region, the HB/HL ratio and

Table 4

Free fatty acids (FFA) of 60-day-old Feta cheesea

FFA (ppm) Draining temperature (�C) Ab Bb Cb Db Eb

C2:0 15 465 a 466 a 646 b 538 a, b 1375 c

21 1066 a * 1018 a * 1508 b * 1135 a * 1550 b *

C4:0 15 78 a 63 a 67 a, b 83 b 129 c

21 81 a 89 a 98 a * 104 a, b 148 c

C6:0 15 49 a 52 a 60 a 62 a, b 73 b

21 71 a * 68 a 62 a 67 a 93 b

C 8:0 15 168 a 102 a 143 a 100 a 304 b *

21 214 b 135 a 181 a, b 161 a 222 b

Total C2:0-C8:0 15 760 a, b 682 a 916 b 782 a, b 1881 c

21 1432 a * 1309 a * 1848 b * 1467 a * 2012 b

C10:0 15 467 b * 431 a, b * 484 b * 330 a * 456 a, b *

21 204 b 112 a 148 a, b 200 b 318 c

C12:0 15 741 b * 755 b * 725 b * 351 a * 662 b *

21 418 b 230 a 256 a 247 a 464 b

Total C2:0-C12:0 15 1967 b 1868 b 2125 b 1463 a 3000 c

21 2053 b, c 1651 a 2252 c 1915 a, b * 2794 d

a Means of three cheesemaking trials. Means in the same row of each cell with di�erent letters are signi®cantly di�erent (LSD test, P<0.05).
b See Section 2.1.

*Signi®cantly di�erent means in the same column of each cell (LSD test, P<0.05).

Table 5

Rheological characteristicsa of 60-day-old Feta cheese

Rheological Draining temperature (�C) Ab Bb Cb Db Eb

Hardness (kg) 15 6.97 7.94 6.63 7.21 4.18

21 12.75* 11.27* 12.08* 11.11* 8.24*

Fracturability (kg) 15 2.40 2.75 1.97 2.81 1.33

21 4.56* 4.52* 4.77* 3.93* 2.75*

Compression at fracturability point (%) at 15 21.65 21.41 21.47 22.56 22.61

21 21.11 20.18 20.17 19.78 24.78

a Means of ®ve cheesemaking trials.
b See Section 2.1.

*Signi®cantly di�erent means in the same column of each cell (LSD test, P<0.05).

376 I. Kandarakis et al. / Food Chemistry 72 (2001) 369±378



the WSN% of TN fraction was negative (r=ÿ0.754,
r=ÿ0.505 and r=ÿ0.637, respectively, P<0.01) and
with total solids content was positive (r=0.517,
P<0.01).

4. Conclusions

Draining temperature signi®cantly a�ected (P<0.05)
most of the characteristics of 60-day-old Feta cheeses.
Although yogurt as starter is often used for Feta cheese
manufacture, the combination of mesophilic and ther-
mophilic strains was found be more suitable. Cheeses
made with starters, including mesophilic cocci and
thermophilic lactobacilli at 2:1 ratio, had the higher N-
NH2 content. The draining temperature should be
between 15 and 21�C, in order to get an essential cheese
yield along with high acidi®cation rate during the ®rst
hours of draining.
The water-soluble extraction was not the proper index

for the evaluation of proteolysis in Feta cheese because,
apart from the casein hydrolysis products, it also
includes whey proteins to an extent depending on curd
pH. An index based on the medium and small molecular
mass nitrogenous compounds, as they were eluted in the
RP-HPLC pro®les of water-soluble extracts or from the
N-NH2 content would be more appropriate for the
mature cheese.
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