J. Agric. Res. Tanta Eniv., 29(3) 2003 ' 445
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The current work was planned to study coagulation properties of GDL-
treated cow’s mitk and their effects on yield, composition and quality of the
resultant soft cheese.

- GDL-treated milk at the rate of 1 and 2% coagulated directly on
addition of the rennet, whereas curd tension and curd syneresis significantly
increased and pH decreased. ,

Adding GDL without and with decreasing the amount of rennet added
decreased yield of the fresh cheese and recovery of fat and protein only in
case-of 1% GDL. Loss of cheese weight during storage was the maximum in
control cheese and decreased with increasing the amount of GDL added.

Adding GDL decreased the pH and increased acidity of the resultant
cheese. Values of TS and protein were generally higher in the 2% GDL-
treated cheese, whereas fat content had the minimum values in % GDIL-
treated cheese. Lipolysis and proteolysis during storage of cheese were
affected with different rates by the applied treatments.

In general, quality of cheesc made from 2% GDL-treated milk was

- preferable.

INWC‘!’K)N
Although it is generally mpmd that cheese yield and composmon
are associated with natuse and composition of mitk as well as with coagula
properties of it, there are disagnreement among various reports cited in the
literature on how coagulation propertics are related to cheese yielding
capacity and composition. Banks and Muir (1984) and Mayes and
Sutherland (1989) demonstrated that curd firmness at cutting affects the
percentages tecovery of milk fat and protein in cheese and hence cheese
yield. This is quite important since ability of renneted milk to form a gel of
sufficient stxeng& to wumxmdmwhamcd cutting in the cheese vat without
shattering is of paramount importance in commercial cheese manufacture.
In this respect, Mg-Kwai-Hang et al. {1989) found that faster rate of
coaguiatien and finmer curd were correlated (P<0.01) with a decrease in
fosses of milk fat, protein and total selids in whey.
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On the other hand, factors which greatly affect curd firmness and
subsequently rate of curd syneresis may include acidity and pH of milk.
Increasing acidity by direct acidification using different acidulants was the
way of numerous studies but using glucono-delta-lactone (GDL) was
recently applied in this respect.

Hefny (1995 a,b) studied curd firmness and ripening of buffalo’s milk
as affected by using GDL, whereas Abd El-Salam et al. (1996) followed
acid-induced gelation of buffalo’s milk by GDL. More recently, Lucey et
al. (1998) studied effect of heat treatments and gelation temperature on the
rate of whey separation in acid skim milk gels made using GDL.

The objective of the current study was to investigate the effects of
using GDL on rennet coagulation properties of cow’s milk and yield,
recovery of fat and protein as well as composition and quality of the
resultant soft cheese.

MATERIALS AND METHODS

Fresh cow’s milk used in the present study was obtained from cows
herd belonging to Sakha Exp. Station, Animal Prod. Res. Inst.

In a preliminary experiment on the effect of adding GDL on some
coagulation properties of milk, GDL was added at the rate of 1 and 2% to
milk previously heated to 70°C for 5 min and cooled to 40°C. pH of the
treated and untreated milk was determined as given by Ling (1963). Rennet
coagulation time (RCT), curd tension and curd syneresis were measured
according to Fahmi and Amer (1962), Chandrasekhara et al. (1957) and
Mehanna and Mehanna (1989) respectively.

Soft cheese was mainly manufactured as given by Fahmi and Sharara
(1950). In this respect, cheese milk was heated at 70°C for 5 min and then
cooled to 45°C to be ready for adding calcium chloride (0.02%), sodium
chloride (5%), GDL (0.0, 1 and 2%) and rennet.

The following treatments were carried out:
- Control cheese: Cheese made without adding GDL.
- Treatment I (T): Cheese made with adding GDL (1%) and rennet.

- Treatment II (Tj): Cheese made with adding GDL (1%) and half the
_ amount of rennet added.

- Treatment III (T);): Cheese made with adding GDL (2%) and rennet.

- Treatment IV (Tiy): Cheese made with adding GDL (2%) and half the
amount of rennet.
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Yield of fresh cheese expressed as Kg/100 kg of milk was eslenlated.
Recoveries of fat and protein were also calculated according to their actual
amounts determined in cheese milk dnd the resultant cheese (Ling, 1963).

All cheese samples were analysed when fresh and after 15 and 30
days of storage in polyethylene pouchs at 4+1°C for pH, acidity, TS, fat,
TN, NPN and SN as described by Ling (1963). Total velatile fatty acids
content was measured as given by Kosikowiski (1978), whereas procedure
of Tawab and Hofi (1966) was followed for determination of formol
number. Soluble tyrosine and tryptophan were determined according to
Vakaleris and Price (1959).

The losses in cheese weight during storage period were calculated
relative to the corresponding fresh weight, whereas the organocleptic
properties were assessed as recommended by Naguib et al. (1974).

The attained data were statistically analysed as described by Steel and
Torrie (1984). _

‘ RESULTS AND DISCUSSION

Table (1) reveals that adding GDL greatly changed the values of pH,
control milk (6.55) significantly (P<0.01) decreased to 6.05 and 5.8 with adding
1 and 2% GDL respectively. Hydrolysis of GDL (Cs Hi¢Os) to gluconic acid (Ce
H;20,) is responsible for increasing acidity of milk and subsequently decreased
the pH. Similar results were given by Hefny (1995 a,b).

Table (1): Effect of adding GDL on pH and, some rheological properties of

milk (Average of 3 replicates)
Property (;:)mmt of GiiL added (%2)
PH 6.55 6.0 5.80
Coagulation time (sec) 880 45 40
Curd tension (g) 21.0 225 323
Curd syneresis after* _
10 min 5.63- 5.70 6.31
30 min 7.39 7.84 - 8.21
. 60 min 8.50 9.11 9.44
120 min ' 9.52 10.33 10.61

* Expressed as the amount of whey (g) exudeted from 15 g of curd kept st room
temperature (252°C) for the given time.
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RCT (sec) was 880 in control milk and significantly (P<0.01) decreased
to 45 and 40 when GDL was added at the rate of 1 and 2% respectively. This
could be attributed to increase solubility of calcium salts in milk which by its
tum accelerated the coagulation of casein. Using' thrombolastograph, Abd El-
Salam et al. (1996) reported the same finding and mentioned that
measurements of .acid-induced gelation by GDL .showed changes similar to
that of enzymatic coagulation of milk in which two phases can be
distinguished i.e. the onset of gelation and development of firm curd.

. Curd tension had an opposite trend to that of RCT being low in the
control ‘milk and significantly (P<0.01) increased in the treated samples.
The recorded values (g) were 21.0, 22.5 and 32.3 with adding 0.0, 1 and 2%
GDL respectively. This was coincidence with higher rates of curd syneresis
at any given syneresis time. The higher was the amount of GDL added the
higher was the amount of the exudate from the prepared curd. This agrees
with the results given by Hefny (1995a). He demonstrated that increasing
the amount of GDL added at any renneting conditions (amount of rennet
and renneting temperature) increased curd tension and curd firmness of
buffalo’s milk. Abd El-Salam et al. (1996) found that both GDL
concentration (1-3%) and reaction temperature (28-40°C) affected the curd
firmness. At higher temperature or higher GDL concentration buffalo’s
milk formed firmer curd. On the other hand, Storry et al. (1983) reported
that syneresis inversely related to fat content of milk and little affected by

coagulaum strength.

In Table (2), the recorded values were the results of adding GDL at
the rate of 1% (T;) and 2% (Tw) to cheese milk, whereas Ty and Tiv
represented adding 1 and 2% GDL in order with half the amount of rennet
given in T; and Tyy.

‘ Control cheese had the maximum yield (23.44%) whereas the
recorded values were 19.63, 20.94, 21.50 and 22.13% for treatments I, II,
II and IV, respectively. This suggests that adding GDL significantly
(P<0.01) decreased the yield of fresh cheese, whereas decreasing the
amount of rennet added minimized such effect. More shrinkage of the
treated curd as a result of more acid content may be responsible for lower
moisture content in the resultant treated cheese and subsequently the
decreased yield of the GDL-treated cheese. However, the correlations
between coagulation properties of milk and cheese yielding capacity and
cheese composition were the aim of some recent studies. Ng-Kwai-Hang et
al. (1989) mentioned that partial correlation coefficients between coagulating
properties and cheese yield, cheese composition and milk components in
whey were found.
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Table (2): The fresh yield and recoveries of fat (FR) and protein (PR) in the
resultant soft cheese as affected by applying some treatments
(Average of 3 replicates)

Treatments* Yield (%) FR (%) PR (%)
Control L 23.44 88.51 84.13
T, N -19.63 A 68.92 73.02
Ty _ 20.94 72.97 | 7738
T S 21.50 98.65 89.68
Tiv 22.13 95.95 85.71

* Control cheese represents cheese made without adding GDL.

Ty represents cheese made with adding 1% GDL and rennet.

Ty represents cheese made with adding 1% GDL and half the amount
of rennet. N

T represents cheese made with adding 2% GDL and rennet.

Tiv represents cheese made with adding 2% GDL and half the amount
of rennet.

Recovery of fat was 88.51% in control cheese (Table 2) and
significantly (P<0.01) decreased to 68.92 and 72.97% in T, and Ty and
increased to 98.65 and 95.95% in Ty and Ty, respectively. This was also
observed with respect to protein recovery, since the recorded values were
84.13% in control cheese and 73.02, 77.38, 89.68 and 85.71% in cheese
from treatments I to IV, respectively. Firmness of curd in the last two
treatments may be responsible for such higher figures.

Table (3) reveals that the maximum loss in cheese weight during the
cold storage period was recorded for the control cheese and much lower
values were given for all treated cheese. The higher was the amount of
GDL added, the lower were the values of loss. It may be of interest to note
that the maximum loss in control cheese weight was accompanied by the
weakest curd (low curd tension) given in Table (1).

The maximum pH of 6.7 (Table 3) was recorded for the fresh control
cheese, whereas fresh cheese from T; and T), had values less than 5,
whereas fresh cheese from Ty and Tiv had values less than 4. The opposite
was noticed for acidity since the lowest value (0.13%) was given for fresh
control cheese and much higher values were observed in case of adding
GDL.

During storage of cheese, the control one showed a gradual significant
decrease in pH and an increase in acidity, whereas the changes in the
treated cheese were insignificant.
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Table (3): The loss of cheoese weight (%) and some properties of soft
cheese during cold stersge as affected by applying some

| Stornge | 1 The Acidiey| TS Faton ?rotein
period | Trestments* | loss | pH %) (g/) Y oM | « On
(days) %) | | S IO o) ° | DM
Control - 1870] 8.13 {3638 14.0 {3848 [11.24(30.90
Ty 1 - 4701 1.06 {34.83|13.17|37.82 |11.86]34.05
3 Tn - 4551 1.03 |34.00| 13.0 [ 38.24 | 11.65|34.27
T - 3.57| 1.68 |38.64) 170 | 43.99|12.79]33.10
T - 358 1.63 137.14| 1606 | 43.08 | 122213290
Control [13.25)600| 0.30 [36.22| 14.5 | 40.03 [ 10.72|29.60
; T 440 1456 1.03 [34.53) 13.0 [37.65110.72(31.04
15 Ta 438 1409 1.11 [32.40] 14.5 | 44.7510.23 (31.57
Tw 1000 |333] 1.58 [37.96) 16.5 | 43.47 |12.57(33.11 ‘
T 2.50 (330 1.50 {35.83| 15.7 143.82|12.08|33.72
Control [20.20!543 ] 0.30 |34.59| 150 | 43.37|10.29}29.75
Ty 568 [5.00| 086 |32.33] 12.0 [37.11|10.20(31.57
30 Ty 707 1506 091 (3194 14.0 {43.93 | 10.20{33.97
Tm 256 {387 1.43 [3507] 16.0 {45.62(11.48]32.74
Tw__ {250 (331] 130 |3568] 15.7 | 44.01 | 12.00]33.63

. Seelegendwl‘ablc(?l)i?ordeta&les

Values of TS and protein of fresh cheese (Table 3) were significantly
lngher in Ty and Tiv treated cheese as compared to the control one. These
increases were not parallel to the amount of GDL added. Decreasing the
amount of rennet (Ty and Ty) decreased the recorded values when
compared with Ty and Ty. This was not always true with respect to the
stored cheese.

Concerning fat content, the minimum values were given for T; and Ty
and the maximum values were recorded for Ty and Tyy. This was almost
true for the fresh and stoced cheese (Table 3) and the differences in this
respect were highly significant.

Values of TVFA (Table 4) were higher in fresh control cheese,
whereas all fresh treated cheese had the value of 10. During storage the rate
of lipolysis was much higher in the control cheese (P<0.05).

It seems from the percentages of NPN/TN and SN/TN that cheese
made using 1% GDL had the highest values at any given storage time and the
Mewmdmwmwmmmiwremﬁ t. In general, the
recorded values were in a significant increase during storage suggesting
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occurrence of proteolysis but with different tates. This wend was
confirmed-in part-by formel No and values of Tyr and Try. Thus, the
observed values were almost higher in fresh control cheese, whereas cheese
from Ty and Ty had — in general -significantly lower values. Thxswas trae
whenchecsewasstoredforwandwdays. : L

Table (4): Lipobm--nd M&is Mmsdumgwldwdm
cheese as affected by applying some trestments.

Storage NPN/T | SN/TN | Formel | Tyr+Try
z‘md Treatments* | TVFA** Ny | (%) No mg/160g
ys) . _
Controf | 12 2.10 7.04 3.0 112.31
T | 10 242 | 931 3.0 $4.05
0 Tu 10 236 | 11.50 2.0 55.94
T 10 229 5.64 2.5 56.51
Tiv 10 1.88 7.05 1.5 56.83
Control | 22 | 320 | 8.11 13.0 110:64
T 13 3.21 11.96 10.0 94.46
15 Tu 16 | 293 1241 | 100 7233
T 14 2.49 8.57 10.0 66.76
T 14 2.38 8.35 6.5 78.27
Control 25 | s46 | 19.28 18.0 115.84
T 15 669 | 21.71 14.0 128.71
30 Ty 16 557 | 19.26 12.0 133.15
T 14 628 | 12.28 120 |, 8434
T 14 5.16 | 10.15 120 | 9473

* See legend to Table (2) for details
** TVFA expressed as ml 0.1 N-NaoH/100 g cheese

Quality of cheese (Table 5) was significantly affected by GDL
treatments. A compact texture with firmer and silky body were observed for
2% GDL-treated cheese. The differences in the scoring points given foe
body and texture were significant. This was accompanied by a slight
pleasant acidic taste in case of using 2% GDL. The scoring poiats of the
organoleptic properties are shown in Table (5) and suggested-with the
previous given data—priority of making cold stored soft cheese from 2%
GDL-treated cow’s milk. In this respect, Fahmi et al. (1973) studied effect
of acidity of salted milk on quality of Domiati cheese. They reported
importance of increasing acidity of cow’s milkk to 0.26% by meauns of
adding lactic acid to improve quality of the resultant cheese. The same
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conclusion was given by Hassan and Abo-Zeid (1988) and El-Deeb (1989)
when white soft cheese was made from GDL-treated milk.
Table (5): Scoring of the organoleptic properties of soft cheese during cold
storage as affected by applying some treatments (Average of 15
. _evaluations from 3 replicates)

Stm:age Treat- Flavour - Body & | Saltin Appearance| Total

period | ments* - (60) Texture | -ess o) (100)*+
(days) (30 (5)

Control 47.80 25.20 44 4.25 81.65

Ti 51.70 23.40 3.53 3.50 82.13

0 Tu 49.70 23.00 3.50 3.50 79.60

Tm 51.40 28.00 [-4.43 4.60 .. 88.43

Tiv 50.90 28.70 3.8 5.00 88.40

Control 5222 24.78 4.89 4.44 86.33

Ti 46.33 19.89 4.06 3.17 73.45

15 Ty 40.11 20.78 3.60 3.19 67.68

T 51.33 26.44 4.60 4.67 87.04

Tiv 50.33 24.78 4.5 461, 84.22

Control 40.30 20.00 4.15 4.0 68.48

T 30.51 15.11 23 1.16 49.08

30 Ty 30.11 15.00 2.17 1.24 48.52

T 56.00 27.50 4 3.1 90.50

Tiv 55.60 27.00 4 3.1 89.60

* See legend to Table (2) for details
** Values in parenthesis represent the maximum attainable points.
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