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SUMMARY

Pasteurized cows' milk was used for manufacturing of Edam cheese. Four
treatments of salting were applied as follows: Fresh cheese was salted by
immersion in a NaCl solution 20 — 25 % at 10 -12 ° C for 48 hr (control). Three
treatments were carried out by adding dry salt to the wet curd by the ratio of
2,3 and 4 % (w/w) respectively. Resultant cheese was ripened at 10 - 12 °C and
85 -90 % relative humidity for three months. Yield, biogenic amines (histamine,
cadaverine, tryptamine, tyramine and putrescine), maturation indices , Theological
» chemical and organoleptic properties were investigated during ripening

Edam cheese salted by adding 2 % dry salt showed higher yield (%), moisture
(%) and titratable acidity (TA %) than other treatments either in fresh or during
the ripening , cheese pH showed an opposite trend of T.A . In control cheese
(brined) fat, total nitrogen and salt contents were higher than in the other
treatments but it contained the lowest values of biogenic amines content at 90 days
of ripening . Water soluble nitrogen, non protein nitrogen and total volatile fatty
acids were high in cheese salted by adding 2 % dry salt followed by that of 3 %, 4
% and control one at all ages of cheese ripening. On the other hand, adding dry
salt to the wet Edam cheese curd led to decrease of hardness and springiness along
the gumminess and chewiness, while cohesiveness increased . It could be
recommended that good quality Edam cheese could be obtained by adding dry salt
in the curd ( at the rate of 3% w/w)followed by that salted by 4% dry salt .

Key words : Edam cheese, biogenic amines, yield gumminess, chewiness, springiness
and hardness.”
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INTRODUCTION

In cheese making salting process is considered one of the main steps that
determines the quality of the product . Besides controlling the biological
activities and subsequenﬂy » cheese ripening | salt imparts to the cheese of

Investigations have shown that salt has a major influence on cheese
proteolysis (Thomas and Pearce , 1981 ; Kristiansen ey al., 1999 and Sihufe et
al.,2003) -Varying the salt contents i ! the cheese influences the bacterial activity ,
ionic strength and may results conformational change not only in the enzymes but

of cheese depending upon the shape of cheese > its diameter and weight (Vujicic
1962) .On the other hand,El- Batawy ef o/ +(1992 ) reported that Ras cheese
salted by wet — curd salting obtained the highest score , while the brined cheese

now , still without any attempt to research , in spite of the chief role of NaCl in
cheese ripening .

Therfore , the aim of this work is to study the effects of using wet curd salting
method at different rates of salt on the quality of cheese compared with that of
traditional salting method (brine ) of Edam cheese .

MATERIALS AND METHODS

Materials
Raw milk:

Fresh raw cows' milk was obtained from the herd o fa p rivate farms at E| —
Fayoum district.
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Starter culture:

Starter culture was obtained from Hansen Laboratories (Denmark ) . This
starter consists of lyophilized c ultures o £ L actococcus lactis subsp. ¢ remoris
Lactococcus lactis subsp. Lactis and Lactococcus lactis subsp. Diacetylactis .

Rennet:

Calf rennet powder (HALA ) was obtained from CHR — Hansen's Lab ,
Denmark .

Sodium chloride:

Commercial edible grade sodium chloride was obtained from El — Nasr
company for salt , Alexandria , Egypt .

Methods
Cheese making procedure:

Edam cheese was made from cows' milk adjusted to 0.7 casein / fat ratio by
the traditional method of Scott (1998 ) . Fresh cheese was salted by the brining
method (control).The other three treatments were salted by adding dry salt to the
wet curd at the rate of 2%,3% and 4% in treatments A , B and C respectively.
Resultant cheese of the 4 trials were coated with plastic coat and cured at 10— 12
0C and 85 — 90 % relative humidity for three months . The chemical , rheological
and organoleptic characteristics were estimated at different intervals during
ripening . Biogenic amines content were determined at 90 days of ripening period
.All experiments were reported in triplicats .

Compositional analysis:

Fat (%), moisture (%), salt (%),total nitrogen (TN%), water soluble nitrogen
(WSN%) and non protein nitrogen (NPN%) were estimated in cheese samples
according to the method described by Ling (1963). pH was measured using a
digital pH meter model SA720 (orion US.A) . Total volatile fatty acids ( TVFA
) were determined by the distillation method as described by Kosikowski (1966).

Biogenic amines:

Cadaverine , histamine , putrescine , tyramine and tryptamine were extracted
and determined according to Ayesh el al .,( 1995 ) and Naguib et al L(1995).
Textural properties: ;

.Textural properties such as cohesiveness , gumminess , hardness , chewiness
and springiness of cheese werc measured with an Instron Universal machine (
model 1195, Instron Corporation , Canton,, M.A., US.A) bythe method of
Yang and Toranto (1983).
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Cheese scoring :

Samples from fresh and ripened Edam cheese (30, 60 and 90 days) were
scored for organoleptic properties according to scoring sheet suggested by El-
Kenawy ( 1977 ) . The evaluation was carried out by staff members at
Department of Dairy Science , Faculty of Agriculture at Fayoum , Cairo
University .

RESULTS AND DISCUSSION

Cheese yield and chemical composition :

The changes in yield (%), moisture (%) , salt (%) , titratable acidity (TA%)
and pH of Edam cheese during ripening as affected by the methods of salting are
presented in Table (1) . The yield and moisture content of cheese resulted from
different treatments were in the following order : 2% dry salt > 3% dry salt > 4%
salt > control .The yield and moisture content of all treatments decreased
gradually with the increase of ripening period up to 90 days. These results are in
agreement with those obtained by Duzrec and Zall (1982)El-Demerdash (1996)
and El-Sisey (2002) .

The same Table showed that both salt % , salt/moisture % and TA %
increased upon progressive ripening. Similar data were recorded by El-Shibiny er
al., (1998), El-Sheikh et al., (1999) and El-Sisey (2002). It can be seen that
control Edam cheese contained higher salt % than other treatments at different
ages of cheese, followed by that salted by 4%, while the lowest salt % and
salt/moisture % was observed in 2% dry salt one at all ripening periods.

The titratable acidity of the 4 treatments showed the following order: 2% >
3% > 4% dry salt added > control (brined cheese ) at the all ripening intervals .
This may be due to moisture content that showed the same order . In all
treatments, the cheese TA increased with extending storage and the rate of
increase-was being slightly greater in early stages of ripening.

Also, the data revealed that there was general drop in the pH of all trials
during the first month then gradually increased during the ripening period . Such
decrease in pH of a premature cheese is mainly due to the developed lactic acid
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Edam cheese salted by adding 3% dry salt showed similar pH values of that
obtained with the control cheese. Similar trend of TA and pH values in semi-hard
cheese reported by Kristiansen et al., (1999).

Data shown in Table (2) cleared that fat %, dry matter % Jfat/dry matter % and
total volatile fatty acids progressively increased with the advancement of
ripening. The rate of increasing seemed proportional to the moisture decreasing .
Fat% c alculated on dry matter basis, indicate that there were no remarkable
differences between the different treatments throughout the ripening period.
Similar results of fat and fat/Dry matter of Edam cheese were recorded by Nasr et
al., (1992); El-Shibiny et al., (1998) and El-Sisey (2002).

The total volatile fatty acids content of all treatments increased gradually
throughout the ripening period (T: able 2). These findings were in

agreement with those reported by Zaki and Salem (1992); El-Shibiny et al., (1998)
and El-Sisey (2002).

It was clear that the treatments with 2 and 3 % dry salting showed higher
values for TVFA than the control and 4 % dry salt treatments .

Nitrogen content and proteolytic activity :

The total nitrogen (TN%) , water soluble nitrogen ( WSN% ) and non protein
nitrogen ( NPN% ) contents of Edam cheese made by different salting methods
are tabulated in Table (3). The TN% of Edam cheese produced from different
treatments markedly increased during the progressive cheese ripening However
the TN % showed an opposite trend of moisture . Similar trend of TN in Edam
cheese was reported by El-Sheikh et al., (1999) and El-Sisey (2002).

As shown in the same table WSN % and NPN % of Edam cheese was
affected by using different salting methods . Cheese made from cows' milk and
salted with 2% dry salt in the curd showed the highest WSN% followed by that
salted with 3 and 4% dry salt , while control Edam cheese showed the lowest
WSN % and NPN %at any interval of ripening period. This indicate that WSN%
and NPN% took the same trend of moisture content. . The increasing of cheese
moisture usually decreasing salt and salt in cheese moisture ( in vis-vera) and
consequently the water ‘activity will be lower and proteolytic enzyme activities
were limited with lower moisture and higher salt content (Geurts et al.,1980) .

The degree of ripening expressed as WSN/TN and NPN/TN as shown in
Table (3) indicated that WSN/TN and NPN/TN ratios showed similar trend of
WSN and NPN . The ratios of WSN/TN and NPN/TN increased markedly during
the first 60 days, followed by slight increase between 60 and 90 days.These data
insure that the use of dry salt in the curd at the low rate (2%) showed higher
WSN/TN and NPN/TN which meaning that more acceleration of cheese ripening
than the traditional salting method.
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Biogenic amines content

Table (4) show the biogenic amines content (tryptamine, histamine, putrescine,
cadaverine and tyramine) of Edam cheese made by different salting methods at
90 days of ripening. Results indicated that added dry salt to Edam cheese curd at
the rate 0f 2% had the highest content of total biogenic amines at 90 days of
ripening, followed by that of 3%, while that salted by brining method (control)
had the lowest content of biogenic amines. It can be seen that the increase of
biogenic amines content related to the higher moisture and the lower salt of
cheese that effect on the rate of protein hydrolysis .

Tryptamine was absent in control cheese and found in traces in the other
treatments. The highest histamine content was found in the cheese saited by 2%
in the curd, while the lowest was in control cheese. Furthermore cadaverine
showed the highest level of biogenic amines in all treatments either when fresh or
during the ripening period , while tryptamine level was the lowest . Similar trends
of biogenic amines content in Ras cheese by Mehanna ez al., (1989) and Tawfik
el al, (1992).When compared the obtained data with the limits of biogenic
amines permissible in foods human consumption it could be noticed that Edam
cheese made by different salting methods recorded values less than the
permissible limits. ;

Textural properties

Textural quality of cheese can be determined by measuring the quantifiable
rheological properties of cheese in terms of hardness, cohesiveness, springiness,
gumminess and chewiness .Table (5) reveal the changes in the textural properties
of Edam cheese made by different salting methods. It is clear that all the textural
properties gradually increased until the 60 days of ripening then decreased at the
90 days. This could be mainly due to proteolysis of casein to compounds that are
very soluble in water and that do not contribute to the protein network responsible
for the cheese rigidity.For this reason, the cheese softens during maturation .
Similar results in semi-hard cheese (Tybo Argentino cheese) was reported by
Norac et al,, (1992) and in Cheddar cheese by Kanawjia and Singh (1996). For ail
treatments , there are an opposite trend between hardness and moisture content.
Therefor -control cheese had the lowest moisture content and the highest hardness
& springness during all stages of ripening , while the treatment (A) showed the
lowest values . Similar results were obtained by Bhaskaracharya and Shah (1999).
Edward e al, (1984) who reported that there is a close relationship between the
hardness of full-matured Edam cheese and the decrease in moisture content during
ripening .

The differences observed in springiness and cohesiveness values may be
attributed to amount of protein matrix present and its strength. The later being
dependent on factors such as moisture, salt, fat and in particular the mineral
content of the cheese (Lawrence ef al, 1983 and Innacente et al., 2002).
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Fredrick and Dulley (1984) have reported that the decrease in springiness of
Cheddar cheese related with increase in proteolysis during ripening.

The progressive significant increase in gumminess (2 product of hardness and
cohesiveness) and ‘chewiness (a product of hardness and springiness) until 60
days could be attributed to progressive increase in the hardness, cohesiveness and
springiness, then decreased at 90 days of ripening in both of gumminess and
chewiness.This may be due to direct relation between textural profiles like

hardness, Springiness and chewiness to ripening period (Fredrick and Dulley,
1984 and Kanawjia and Sing, 1996)

Organoleptic properties

The organoleptic properties of Edam cheese from different treatments and
corresponding score are presented in Table (6) . It is clear that the score of colour
, appearance , body & texture and flavour increased gradually during ripening
period . Furthermore , the treatment C (3% dry salting ) showed the highest
scoring values , while the treatment B (2% dry salting ) has the lowest values .
Both the control cheese and treatment E (4% dry salting ) showed nearly the
same values of scoring .

From the previous results , it was concluded that addition of 3% dry salt to the
wet curd gave the best results of Edam cheese quality followed by that made with
adding 4% dry salt one .
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Table ( 1 ) : Effect of salting methods on the. yield and some chemical
composition of Edam cheese during ripening period .

Salting methods
E Ripening
Parameters Period Brine Dry salting
(days) solution

(control) 2% 3% 4%

Fresh 11.25 12.00 11.88 11.65

15 10.77 : 11.44 11.33 11.13

Yield (%) 30 10.48 11.10 11.02 10.93
60 10.27 10.85 10.78 10.65

20 10.07 10.72 10.60 10.61
Fresh 44.70 47.90 46.92 45.00

15 42.80 45.68 4473 43.01

Moisture 30 41.66 4431 43.52 4221
(%) 60 40.82 43.29 42,58 41.13
90 40.00 42.80 41.86 40.98

Fresh 2.51 1.31 1.76 242

15 311 1.65 2.01 2.78

Salt (%) 30 3.38 1.86 2.25 3.01
60 348 2.24 2.65 3.26

90 3.72 251 2.99 3.54

Fresh 5.62 273 3.75 5.38

15 b 3.61 4.49 6.46

Salt/ 30 8.11 4.20 317 g .
Moisture 60 8.53 2ky 6.22 7.93
(%) 90 9.30 5.86 7.14 8.64
Fresh 0.98 1.01 0.98 0.96

15 1.31 1.39 1.40 1.30

Titratable 30 1.42 1.62 1.60 1.46
Acidity (%) 60 1.72 1.98 1.94 1.79
20 1.88 - 2.01 1.99 1.95

Fresh 5.28 5.05 5.28 5.36

15 5.11 5.06 5.00 5.09

pH 30 495 449 4.65 4.90
60 5.25 5.02 5.05 5.15

20 535 5.15 5.20 5.25
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Table (2) : Fat content , fat/ dry matter and total volatile fatty acids
(TVFA)* during ripening of Edam cheese as affected by salting

methods.
Salting methods
Ripening
Parameters period Brine Dry salting
(days) solution .
(control) 2% 3% 4%
Fresh 23.92 22.28 22.64 2355
15 2544 . 24 .41 2448 24.80
Fat (%) 30 26.18 25.23 2533 25.65
60 2127 25.86 25.81 26.65
90 28.01 26.32 26.46 27.21
Fresh 55.30 52.10 53.08 55.00
15 57.20 54.32 2227 56.99
Dry matter 30 58.34 55.69 56.48 57.79
(%) 60 59.18 56.71 5742 58.87
90 60.00 57.20 58.14 59.02
Fresh 43.25 42.76 42.65 42.83
15 44.48 4494 44.29 43.52
Fat/DM 30 44.87 45.30 44.85 4438
(%) 60 46.08 45.60 44.94 45.27
90 46.65 45.98 45.51 46.10
Fresh 9 11 11 9
12 12 14 13 12
TVFA 30 22 25 24 23
60 29 32 31 30
90 - 38 37 36

*TVFA as ml 0.1N NaOH / 100 g cheese.
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Table ( 3 ) : Effect of salting method on the nitrogen distribution in Edam
cheese, during ripening . .

Salting methods
Ripening
Parameters period Brine ; Dry salting
(days) solution
(control) 2% 3% 4%
Fresh 329 3.11 3.20 3.27
15 3.39 330 3.35 3.39
TN 30 143 338 3.50 341
(%) 60 3.76 3.54 1.62 3.60
90 4.05 3.58 3.98 4.01
Fresh 0.203 0.236 0.228 0.215
15 0.246 0.389 0.296 0.258
WSN 30 0.377 0.423 0.411 0.388
(%) 60 0.438 0.509 0.478 0.450
90 0.526 0.611 0.565 0.532
Fresh 0.065 0.078 0.076 0.071
15 0.131 0.134 0.130 0.132
NPN 30 0.162 0.182 0.178 0.168
(%) 60 0.192 0.206 0.202 0.196
90 0.285 0.301 0.298 0.291
Fresh 6.17 7.59 713 6.68
15 7.26 11.79 8.84 7.61
WSN/TN 30 9.83 12.51 11.74 11.38
60 11.93 1438 13.20 1247
90 12.98 17.07 14.20 13.27
Fresh 198 2.51 2.38 220
15 3.96 4.06 3.88 3.89
NPN/TN 30 4,72 5.34 5.09 493
60 523 5.82 5.56 5.43
= 90 7.04 8.41 7.49 7.26
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Table (4) : Biogenic amines content (mg / Kg ) of Edam cheese at 90 days of

ripening as affected by different salting methods

Biogenic amines ( mg / Kg )
Salting methods Tryptamine | Histamine | Putrescine | Cadaverine | Tyramine
Brine solution e 10.82 11.68 20.86 3.20
Dry salting 2 % 0.58 57.60 39.20 37.50 7.90
Dry salting 3 % 0.39 43.80 31.60 23.30 530
} Dry salting 4 % 0.26 33.10 24.90 17.40 4.60

Table (5) : Some textural properties of Edam cheese during ripening as

affected by Salting method.

Salting methods
Ripening
Parameters Period Brine Dry salting
( days) solution

(control) 2% 3% 4%

Fresh 247 2.15 225 237

Hardness 30 2.63 231 238 2.55
(N) 60 283 2.41 2.53 270
90 2.345 1.89 2.15 2.25

Fresh 6.20 5.00 5.75 5.80

Springiness 30 6.32 525 5.82 5.90
(m.m) 60 6.43 5.38 5.95 6.12
90 5.40 4.80 5.16 5.25

Fresh 0.59 0.64 0.62 0.60

Cohesiveness 30 0.61 0.68 0.64 0.62
60 0.63 0.72 0.67 0.64

90 0.60 0.66 0.64 0.62

Fresh 1.46 1.38 1.40 1.42

Gumminess 30 1.60 . 1.52 1.57 1.58
(N) - 60 1.78 1.72 1.75 1.76
st g0 1.41 1.25 1.38 1.40

Fresh 9.05 6.90 8.05 8.24

Chewiness 30 10.11 7.98 9.14 932
N.m.m 60 11.45 9.25 10.41 10.77
1 90 7.61 6.00 7.12 7.35

N = Newton : m.m = millimeter ; N. m.m = Newton millimeter.
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