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ABSTRACT

The change in milk viscosity upon addition of rennet was used to study the
effect of various milk treatments on renneting reaction. The change in milk viscosity
after the addition of rennet when recorded versus fime gave a curve that passed
through 4 turning points (Ts to T4). An induction period with no change in viscosity (T4}
ended with a rise in the viscosily to a first maximum (T2) then viscosity decreased {0 a
minimum with milk still in the liquid form (Tz) followed by a rapid increase to reach a
final maximum forming a piateau {T.) when coagulation occurred.

The effect of milk cooling, freezing, heat treatments, calcium addition, rennet
concentration, addition of NaCi and homogenization on viscosity-time curve was
studied.

Milk cold storage, freezing, heat treatments and the addition of NaCl elongated
the periods of 4 phases periods than of raw milk pericds. The delaying effect in
descending order was the addition of NaCl > freezing > cooling > heat lreatments.
Most the delay was in the lag phase (T;). Heat treatments delay of Ty was proportional
to the temperature. There was a good correlation with r = 0.98 (p<0.01) between T
and the temperature. increasing the concentration of rennet was mere effective in
correcting the effect of heating than the addition of calcium. Heat treatments caused a
large increase in viscosity of the first maximum than the raw milk vaiue.
Homogenization was very effective in correcting the effect of milk heat freatments and
shortened T, than the value of raw milk. The end of the lag phase (T1) leading to the
first rise in viscosity occurred at a certain amount of casein hydrolysis depending on io
milk treatment.
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INTRODUCTION

The change in milk viscosity upon addition of rennet has been used
to monitor the renneting reaction. Number of workers has reported that upon
the addition of rennet, milk viscosity showed an initial decrease reaching a
minimum value, and then it increased rapidly until gel is formed. Lomholt and
Qvist (1997) found that the initial decrease in viscosity was a function of the
degree of k-casein hydrolysis {«) and after the viscosity minimum, it was no
fonger a function of «. The minimum occurred when o was between 0.6 and
0.7.Rennet concentration affected rate of curd gel firmness.Dekruif et af
(1992) forward an explanation for the steps of milk coaguiation namely, the
initial viscosity decrease, the increase in viscosity and then the aggregation.
The initial decrease in viscosity was reasoned to be due to the decrease in
the effective volume fraction of casein micelles on splitting the
glycomacropeptide by rennet. The decrease was proportional to the relative
hair length of the k-casein. They reported a decrease of 7%, claiming to be
similar to the percent of hair removed. The removal of the hairs caused the
lkoss of the main steric stabilization layer and this in turn caused the micelles
o show concomitant mutual attraction with the Van der waals attraction
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raising the viscosity. This was followed by aggregation process, which
depends on, « and the collision frequency. Lomholt and Ovist (1997) showed
that micelles aggregation occurs when o reached 60%. The above
explanation was supported by Gastaldi et al (2003) who found that the net
negative charge of casein micelles was reduced with increasing degree of k-
casein hydrolysis and this was accompanied with a small but significant
decrease in hydrodynamic diameter and micellar hydration.

The value of the initial decrease in viscosity varied between workers
and affected by number of factors such as type of milk, type of rennet and
heat treatment. While Dekruif et al. (1992) reported a 7% decrease in bovine
milk, Lopez (1999) reported 22.3% decrease in raw goats' milk. While Guthy
and Novak (1977), could not detect this initial decrease. Lopez (1999) found
that heat treatment lessened the value of the initial viscosity decrease. The
average decrease in raw goats' milk was 22.3% compared to 17 and 19% in
pasteurized milk at 65 and 72°C respectively. This was reasoned that the
heat treatment decreased the rate of K-casein hydrolysis due to the
interaction with denatured (-lactoglobulin. Actually at a p-lactoglobulin
denaturation levels greater than 60%, as occurs in UHT, milk was not
coagulated. However, Schreiber ({2001} using whey protein free milk
concluded that heat induced changes in the calcium distribution between the
micellar and serum phases were the main factor impairing rennet
coagulation.

B-lactoglobulin and its heat denaturation play number of important
roles other than the delaying of coagulation. Photchanachai and Kitabatake
(2001) found that heating p-lactoglobulin showed two endothermic peaks.
The first peak was below 100°C and about 80°C where the thermal
denaturation of the protein, by aggregation and polymerization, caused
viscosity to increase. p-lactoglobulin also plays role in casein heat stability it
was reported by O‘connell and Fox (2001; that at maximum heat stability, §-
lactoglobulin chelated calcium ions (Ca®') and preventing k-casein from
dissociation from the miceels at minimum stability, p-lactoglobulin sensitized
casein micelles to heat by inducing precipitation of calcium phosphate by
increasing micellar hydrophobicity.

Cooling and different additives such as Ca** or NaCl affect the whoie
coagulation process. Raynal and Remeuf (2000) reported that cooling caused
the dissociation of casein fractions, the increase the in solubility of calcium
phosphate and the decrease in micelle size. These changes increased milk
clotting time by rennet, reduce gel-strengthening rate and curd firmness.
Addition of sodium chloride to milk was found by Aoki et af (1999) to increase
the soluble calcium and inorganic phosphate indicating of an increase in the
solubility of micellar calcium phosphate and loosened the structure of casein
micelles. This delayed milk coagulation and gave softer curd.
Homogenization was reported to speed up the coagulation process. Ghosh
and Kessler (2001) found that homogenization before and after heat
treatment (80°C/3 min.) gave differences in milk rennetibility. A slightly higher
rennet coagulation time, higher increase in viscosity, higher gel strength and
syneresis were noticed in the milk homogenized before heating compared te

3362



J. Agric. Sci. Mansoura Univ., 29 {6), June, 2004

milk homogenized after heating. The difference was postulated to be due to
the difference in the amount of denaturated whey protein adsorbed on
globuies newly formed membranes when milk homegenized before or after
the heat treatment.

Transglutaminase enzyme {TGase) modifies proteins by cross-linking
through covalent bonds between glutamine and z-amino group of lysine
amino acids. When heated milk was treated with TGase led to a decrease in
rennetibility due to "surface sealing” of casein micelles cross-linked with §3-
lactoglobulin. The dissociation of casein micelles with urea and removal of
colloidal calcium phosphate was reduced as reported by O'Sullivan et af
(2002).

This research was carried out to use the change in milk viscosity
diagram upon the addition of rennet to study the effect of number of mitk
treatments on the renneting reaction. The effect of milk cooling, milk freezing,
various heat treatments, homogenization, salt addition, different rennet
concentration, milk protein cross-linking and Ca®" addition on renneting
reaction were studied.

MATERIALS AND METHODS

Materials:

Buffaloes’ milk was obtained fram the faculty of Agriculture dairy
herd. Calcium chloride (Merck, Darmstadt. Germany), rennet {0.2N) (from
local source), TCA (Merck) and sodium chloride (Merck) were used. A
microbial (Strepfoverticillium spp) Transglutaminase was a gift from
Ajinomoto Europe Sales (Stubbenhuk 3, D-20459, Hamburg, Germany); the
declared activity of the preparation was approximately 1000 units/g.

Miik treatments:

Milk whether cooled or net was heat-treated either pasteurized at
63°C/30 min., 72°C/t5s and 85°C/15s or boiled at 100°C/15s. Ceoling milk
was carried out at 5°C for 48 hours. Milk freezing was carried cut at -15°C for
48 hours and thawed at room temperature. Sodium chloride was added to
raw milk before the addition of rennet at a rate of 5 and 10%. Milk was
homogenized at 13.8 and 3.4 Mpa in 1% and 2™ stages at 55°C. Caicium
chioride 4% solution was add at a rate of 1 mi/ 180 mi milk (equals to 0.02%
CaCl, which is wusually added to cheese milk when heated at high
temperature) and this amount of Call; was doubled in the experiment of
double Ca®. Milk was treated with Transglutaminase enzyme at a rate of
0.5g enzyme powder/Kg milk and was incubated at 50°C for 2 hours. All
renneting reactions were carried out by adding 0.4 m! of 0.2 N rennet (per
180 ml milk) after 4 times-dilution with distilled water at 40°C.

Non protein nitrogen was determined in 2 4% TCA milk filtrate
measured at a wavelength of 210 nm (Lopez ef al. 1999).

Viscosity measurements;

Milk viscosity measurements on renneling were carried out in
triplicates over temperature of 40°C using a concentric cylinder Brookfield
Programmable viscometer (Model DV -ll+; Brockfield Engineering
Laboratories, USA) with UL adaptor and ULA spindle over a shear rate of

3363



Metwally, A. M. M. and Hoda M. El-Zeini

12.2 5", The milk samples were allowed to temper at 40°C for 10 min. prior to
measurements. WinGather version 1.1 (Brookfield Engineering Laboratories,
Inc., Copyright® 1995) software was used to collect, store and plot the data
on a personal computer connected to the viscometer.

Statistical Analysis:

Numerical results were plotted as the arithmetic mean. Analysis of
variance {one way ANOVA) was used for multiple comparisons over the
different treatments. The statistical significance of the data was determined
using Fisher's L.S.D. post hoc test. P value was equal to or less than 0.05
was considered sufficient to reject the null hypothesis. Statistical analysis was
performed by running the SPSS 12.0 (SPSS Inc., Copyright® 2003, Chicago,
IL, USA) package on a personal computer.

RESULTS AND DISCUSSION

Milk viscosity changes immediately after the addition of rennet was
followed up and was drawn against time. Figure (1) shows the obtained
viscosity change diagram of untreated raw milk renneting reaction. There
were 4 turning points (T, to T,4) in the diagram. After the addition of rennet
there was an induction pericd with no change in viscosity (Ty) after which
viscosity rose sharply to achieve an initial maximum (T;) followed by a
viscosity minimum (T3) with milk still in the liquid form. Finally, viscosity
increased rapidly until coagulum was formed. At this stage a plateau in
viscosity (T4) was reached.

Workers have reported a viscosity diagram starting with a
controversial initial viscosity decrease followed by an increase in viscosity till
aggregation occurs (Dekruif ef al. 1992 and Lopez et al. 1999). It seems that
this 4 turning point diagram in this work shows the reaction behavior beyond
the reported initial viscosity decrease or it is part of the lag phase. Actually
some workers could not observe such initial decrease (Guthy and Novak,
1977).

During the lag phase, the main reaction would be the hydrolysis of k-
casein with rennet causing a reduction in the charge and in the hydrodynamic
diameter of casein micelles. The newly formed para-k-casein could be
mutually attracted to each other with the decrease in charge and with some
ca* bridging. Also there are contributions of weak linkages such as
hydrogen and hydrophobic bonds (Surel et al. 2003 and Marchesseu ef al.
1998) these attractions compensated the reported decrease in viscosity
which might occur due to the decrease in the hydrodynamic diameter of the
hydrolyzed micelles.

At certain percent of k-casein hydrolysis (differs by different milk
treatment), Ca-bridging and other attracting forces increases to reach a level
causing the first increase in viscosity (T,) thus ending the lag phase. Of
course, rate of hydrolysis determines the rate of Ca’* bridging. Therefore,
when milk was treated with transgiutaminase enzyme, which made k-casein
bonds inaccessible for rennet hydrolysis, coagulation was not formed
indicating that the rate and degree of k-casein hydrolysis determine the
shape of the diagram.
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Fig. (1). Viscosity changes diagram of raw milk renneting reaction

Al the beginning, the above attractions might be in the form of loose
ciusters that could be dispersed by.stirring causing viscosity reduction to
minimum {T3). By appearance milk showed no visible change and was in the
liquid form. As k-casein hydrolysis continues, Ca-bridging of para-k-casein
and other attracting farces predominantes forming large number of
agaregates causing the final rise in viscosity (T4} ending with a viscosity
plateau when milk coagulates. Non protein nitrogen (NPN) was determined
as indicator of k-casein hydrolysis and the release of glycomacropeptides.
Non protein nitrogen was determined at the four turning points and was
calculated as a percent of total NPN released at complete coagulation, (T,)
and was reported in Table {1). The three turning points Ty, T, and T; occurred
at 18, 36 and 49% NPN, respectively. At the end of the lag phase, the first
increase in viscosity (T}, few numbers of Ca-bridging occurred since only
18% of hydrolysis occurred. Viscosity reached its first maximum at 36% of
hydraiysis. Probably the weakly attracted micelles were dispersed causing
the dip of viscosity {T;). At 42% of k-casein hydrolysis, Jarge and stable
aggregates were formed causing the large increase in viscosity to complete
milk coagulation.

The above renneting reaction diagram was used to study the effect of
milk treatments on the renneting reaction.

The effect of milk heat treatment was tested. Figure (2) shows the
effect of milk heat treatments on the viscosity changes diagram of milk
renneting reaclion. Milk heat treatments elongated the lag phase (Ty),
increased the level of the first maximum viscosity (T2), and elongated milk
coaguiation time T,. The elongation percent of both lag phase and final
coagulation time were increased by temperature. The increase was
significant at p £ 0.05. The delay in the lag phase was 35%, 137%, 213% and
302% of raw mitk lag phase for heating at 83, 72, 85 and 100°C, respectively.
Figure (3) shows a strong correiation (R2 = 0.9708) between heat treatment
temperature and T,, which means that T, could be used to indicate milk heat
reatment. On heating milk at temperatures above 70°C twe factors were
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reported to cause the coagulation delay namely B-lactoglobulin-k-casein
interaction and the decrease of Ca®".

Table {1): Non-protein nitrogen contents of milk at different coagulation
phases and treatments.

, Coagulation phase Milk Treatment ~ NPN', %
End of lag phase (T;) Raw | 183
First viscosity maximum (T2) Raw | 364
Minimum of viscosity dip (Ts)  [Raw | 497
|Plateau of final viscosity (T.) Raw 100

T, |Pasteurized at 72°C/15s | 453

T ~ |Pasteurized and homogenized |28 ﬂ(
T, Pasteurized and Ca“” was added | 453 |
1T4 Cooled and pasteurized 64.3

iF Pasteurized and 5% NaCl 523 ]

1- NPN, % was calcuiated as percent of total NPN released at complete coagulation.

60

—Raw —~=72°Cl158
-—~100°C/15s =+=85°C/158
=0=83°C{30min.

50 |

Viscosity, mPa.s
(%) -
(=) (=]

»
2

Time, min

Fig. (2): The effect of milk heat treatments on viscosity changes
diagram of milk renneting reaction.

Therefore, at 63°C, the decrease in Ca**, though slight, was the main
delaying factor. Figure (4) illustrates the effect of various treatments run on
milk that was pasteurized at 63°C for 30 minutes. The effect of the decrease
in Ca®* was tested by the addition of Ca®* to the heated milk. This caused the
lag phase to return back to the value of raw milkk. However, the addition of
Ca** to milk heated to temperatures higher than 63°C did not restore raw milk
lag phase. This proved that the decrease in the concentration of calcium ions
was the main factor in delaying T, at 63°C. The amount of Ca®* added was
0.02%, the amount regularly used as additive for cheese milk that heated for
high temperature (~80°C).
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Fig (3): The relationship between temperature of heat
treated milk (as independent variable) and
time of lag phase.

N

100 —

80 -

60 ~—

40— —

Viscosity, mPa.s

- Raw

P | DR ~0=63°C/30 min.

——53°C/30 min. + Ca++

=63°C{30 min. - precoold :

g - 2 - U

0 5 10 15 20
Time, min

Fig. (4): Viscosify changes during renneting reaction of milk
pasteurized at 63°C/30 min. as affected by cooling prior
pasteurization and addition of Ca®".
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Figure (5} shows the effect of various treatments ran op milk that was
pasteurized at 72°C/15s. The treatment elongated T, by 237% of T, of raw
milk and after the addition of Ca** became 178%. Only after the addition of
double amount of Ca®*, the 72°C-milk retained the value of T, of raw milk. At
this temperature, protein interactions started to occur as well as the amount
of insoluble Ca® increased than at 63°C. Not only that but also, f-
lactoglubulin might chelate some of the Ca** (O'connell and Fox, 2001). The
end of the lag period, Ty occurred at NPN contents of 45% indicating the
need for more casein to be hydrolyzed. Probably, the complex formed by
proteins interaction, though allowed enough bonds to be hydrolyzed,
sterically prevented Ca® to reach sites of bridging on para-k-casein. The
increase in the amount of hydrolysis thus gave more particles increasing the
chances for these sites to be exposed for bridging. This was supported by the
fact that doubling amount of Ca®* just restores the value of raw milk but the
addition of rennet to double the amount used for the coagulation, greatly
decreased T, than of the raw milk by 45% without the addition of Ca®". This
pointed out that heating milk at 72°C and above, protein hydrolysis was the
rate-limiting step in coagulation as compared to the shortage of calcium ions
activity. Increasing the concentration of rennet and doubling Ca® reduced T,
to one third of T, of raw milk.

Therefore, the correction of the effect of heat could be done by
increasing rennet concentration, which corrects the effect of protein
interactions. Actually, the decrease in ceagulation time with the increase in
Ca®* activity was reported to be eveled off at high Ca®" activity {(Udabase et
al. 2001).

Figure (6) reports the effect of heating milk at 85°C/15s on the
renneting reaction diagram. The treatment delayed T; by 312% of T1 of raw
milk, and the addition of Ca®* reduced this delay into 230%.

Figure {(7) shows the effect of heating milk at 100°C for 15s on the
renneting reaction diagram. Heating elongated T, by 405% and the addition
Ca®* reduced the delay to 257% of raw milk. Heating at 100°C increased Ca®"
insolubility, the denaturation of p-lactoglobulin and started to affect the
micelles integrity. Therefore the increase in Ca® activity alone was not
enough to correct the effect of such high heat. There is minimum
concentration requirements for colloidal calcium phosphate and casein in the
micelles should be met before Ca?* decreases coagulation time (Udabase et
al. 2001).

The treatment that also corrects the delaying effect of heating milk is
homogenization. Homogenization of milk pasteurized at 72°C/15s alleviated
the effect of heating and shortened milk lag phase and complete coagulation
by 5% and 46.3% of the values of raw milk (Figure 5). Homogenization
mainly breaks fat globules as well as some of casein micelles into smalier
sizes. Fat newly formed surfaces absorb casein particles and some whey
proteins on their newly formed membrane to a degree that globules acquire
some of the casein properties such as heat stability and coagulation. The
dispersion of casein micelles and probably separate the B-lactoglobulin from
the complex and their rearrangement by homogenization caused the

3368



J. Agric. Sci. Mansoura Univ,, 29 (6), June, 2004

exposure of bonds of hydrolysis, thus not only overcome the complex
formation of B-iactoglobuiin-k-casein but also made the rest of the bonds
more accessible for hydrolysis and the formed para-k-casein for Ca 2
bonding. However, homogenization could not do such effect when caseins
cross-linked covalently with TGase. The TGase treated milk did not coagulate
with rennet even after homogenization.

Milk heat treatment cavsed the first increase in viscosity to be
significantly {p £ 0.05) greater than raw milk. This might be due to casein
micelles-B-lactoglobulin complex and the increase in 3-lactoglobulin solution
viscosity by heating (Photchanachai and Kitabatake, 2001 and Jeurnink and
Dekruif, 1993) This increase was 171 and 143% of raw milk viscosity for
63°C and 72°C treatments, respectively (Figure 2). The highest increase was
done by homogenization. The increase was 243% of raw milk viscosity for
72°C-pasteurized and homogenized milk. The addition of double Ca®* and
double rennet to pasteurized milk at 72°C caused 202% and 293% increase
of raw milk viscosity, respectively. Once again the addition of rennet helped
the coagulation and the increase in viscosity than addition of Ca®*

-o--?rcm [d ble Rennet + 6.04% C Thchas o)
I g nnel + A —+=I2*CHEs{double R
= 7'Ci precooksd =t Y2 LGN + {0.02%) Cat+
-*—Trcnu + [0 04%) Catsr —i—72"CHEx Homogeniced

r — —

100 —m—— - — e o ey - e ¥ e rr—— |

Time, min

Fig (5): Viscosity changes during renncting reaction of milk
pasteurized at 72°C/15s as affected by cooling milk prior
pasteurization, the addition of different concentratlon of Ca?*
and rennet and homogenization.

The leve! of viscosity decrease (T,) after its first maximum also was
changed significantly {(p £ 0.05) by treatments. Raw milk showed the most
decrease of about 44% and homogenized milk and milk with double rennet
showed the lowest decrease of 6.4% and 7.4%, respectively. This means that
homogenization made some arrangements for the micelles and their small
aggregates so that viscometer slirring did not effectively disperse them. Aiso,
the increase in hydrolysis by high rennet concentration helped in making
large aggregates difficult to disperse.
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Viscoslity, mPa.s

——Raw -0—-85°C/158 —0o—B85°C/15s + Ca++ -»=85°C/15s precooled

25
Time, min
Fig. (6): Viscosity changes during renneting reaction of milk heated

at 85°C/15s as affected by cooling prior pasteurization and
addition of Ca®*.

Viscosity, mPa.s

—Raw -0=100°C/15s —=—100°C/15s + Ca++ —+=100°C/15s precooled

25 30 35

Time, min

Fig. (7): Viscosity changes during renneting reaction of milk heated
at 100°C/15s as affected by cooling prior pasteurization
and addition of Ca®".
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Milk cooling before heating, exerted more drastic delaying effect of
the lag phase and milk coagulation time than heat treatments. The lag phase
significantly {p < 0.05) increased by 41%, 15%, 157%, 267% and 585% of
raw milk values for pre-cooled milk heated at 83, 72, 85 and 100°C {Figure 4
through Figure 7), respectively. The first and the second rise in viscosity were
gradual, which means the reaction proceeded siowly. The end of lag phase
and the first increase in viscosity was at 64.6% NPN_ This means that a lot of
hydrolysis was required for pre-cooled milk to coagulate as a result of the
changes that were reported to be induced by cooling. Ceoling was reported
(Raynal and Remeuf, 2000) to cause the dissociation of casein fractions from
the micelles especially B-casein, increase the solubility of calcium phosphate
and the decreasing of micelles size. These changes increased in milk
coagulation time, reduced gel strengthening rate and curd firmness. These
detrimenta! affects occurred since the inteqrity of casein micelles and the
presence of minimum requirements for colioidal calcium phosphate and
caseins in micelles are required for proper coagulation. These workers
reported that milk original properties could be partly restored by milk heating,
slight acidification, addition of protein or calcium. In this work heating milk did
not correct the changes caused by cooling. Actually, the elongation of T, and
coagulation time (T,) of pre-cooled raw milk was less than the elongation of
pre-cooled heated milk.

Figure {8) shows the viscosity diagram of cocled and frozen raw milk.
The T, delay percent for pre-cocled raw milk, frozen raw milk and cooled
pasteurized milk at 72°C of cold milk were 41.7, 65 and 225%, respectively.
Freezing, suppose to be more effective in the delay because freezing
destabilizes fat emulsion and casein colloidal system.

One of other treatments that are practiced and affects milk
coagulation is the addition of salt to milk before renneting such as in the
Egyptian white cheese. Five and 10% of salt were dissolved in milk before
renneting and viscosily diagrams were determined {Figure 8). Salt greatly
and significanbly (p < 0.05), delayed the lag phase as well as the coagulation
time than all other milk treatments. The delayed effect significantly (p < 0.05)
increased by sait percent. The lag phase delay percent of raw milk for 5 and
10% salt were 1694 and 2400%, respectively. The first increase in viscosity
was very small and was at 52% NPN, which means a lot of hydrolysis, was
required for salted milk to end the lag phase and start the increase in
viscosity. This should be expected since NaCl replaces the calciumn
phosphate of colioidal part of the micelles causing the increase in the
solubility of micellar caiciurn phosphate and loosens the structure of casein
micelles thus giving the same detrimental effect on coagulation as described
earlier. In anather experiment salted milk was homogenized. Homogenization
corrected a good part of the detrimental effect of salt addition. The lag phase
was shortened to be 1117% of raw milk values compared to the 1694%
before homogenization. Also, there was a good increase in the value of the
first increase in viscosity. Once again, homogenization helped the
coagulation through the physical rearrangement of casein micelles.
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Fig. (8): The effect of raw milk cooling and freezing on
viscosity diagram of milk renneting reaction.
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Fig. (9): Viscosity changes during renneting reaction of raw
and homogenized milk as affected by salting with 5
and 10%.

The final viscosity measuments were not accurate since the
coagulum was destroyed. This is why the plateau not recorded in the
diagrams. However, the viscosity plateau of some samples would be
indicative of the coagulum hardeness. Heat treatments at 63, 72, 85 and
100°C gave final viscosity readings of 580, 636, 310 and 250 mPa.s
compared to 650 mPa.s for raw milk, respectively. Milk heated at the above

3372



J. Agric. Sci. Mansoura Univ., 29 (6}, June, 2004

temperatures after cooling showed 400, 359, 241 and 165 mPa.s, repectively.
Addition of NaC! to milk also gave low viscosity.

Though this method of measuring milk viscosity for monitoring
renngling reaction was destructive for the sample it demonstrated the
reaction phases successfully. This 4 phase diagram of renneting reaction was
not reported before. The diagram lent itself for studying the effect of mik
various treatments on renneting reaction by studying the effect on each
phase. Milk heat treatment could be determined by measuring T, and vice
versa. Timing of the incipient coagulation could be determined by timing the
intersection of two straight lines, one is the extension of lag phase and the
other is the linearity final increase in viscosity as suggested by Ay and
Gunasekaran (1994).However,at this point of intersection milk appeared fluid.

REFERENCES

Aoki, T T. Umeda and T. Nakano (1998). Effect of sodium chicride on the
properties of casein micelles. Milchwissenschaft 54: 91-93.

Ay, C. and S. Gunasekaran (1994). Ultrasonic attenuation measurements for
estimating milk coagulation time. Transactions of the ASAE 37:857-862.

Dekruif, C, G.; T. J. M. Jeurinink and P. Zoon {1992). The viscosity of milk
during the initial stages of renneting. Neth. Milk Dairy J. 46: 123-137.

Gastaldi, E.; N. Tria); Giullaume; E. Bourret; N. Gontard and J. L. Cug (2003)
Effect of controlled k-casein hydrolysis on rheological properties of acid
milk gels. J. Dairy Sci. 86: 704-711.

Ghosh, B. C. and H. G. Kessler (2001}. Rennetability of whole milk
homogenized before or after high heat treatment. indian J. Dairy Sci.
54: 138-143.

Guthy, K. and G. Novak {1977). Observation on the primary phase of milk
coagulation by rennet under standardized condition. J. Dairy Res. 44
363-366.

deurnink, T. J. M. and K. G. Dekruif (1993). Changes in milk cn heating:
viscosity measurements. J. Dairy Res. 60; 139-145.

Lomhalt, S. B. and K. B. Ovist {1997). Relationship between rheological
properties and degree of k-casein proteolysis during renneting of milk.
J. Dairy Res. 64: 541-549,

Lopez, M. B.; M. J. Jordan; M. V.Granados;J.C. Fernandez; M. Castillo and J.
Laencina({1999}.Viscosity changes during rennet coagulation of
Murciano-Grandina goat milk. International J. Dairy Technology 53:
102-108.

Marchesseu, $; A. Lagaud!; J. L. Cug; B. Tarcdo de la Fuente: E. Lefebver-
Cases, E. Gasotaldi and V. Vidal (1998). Identification of intractions
ameng casein gel using dissonantly chemical agents. J. Dairy Sci. 81:
932-938.

O'connell, J. E. and P. F. Fox (2001_. Effect of B-lactoglobuiin and
precipitation of calcium phosphate thermal coaguiation of milk. J. Dairy
Res. 68:81-34.

O'sullivan, M. M., A L. Kelly and P. F. Fox (2002). Influence of
transglutaminase treatment on some physico-chemical properties of
milk. J. Dairy Res. §9: 433-442.

3373



Metwally, A. M. M. and Hoda M. El-Zeini

Photchanachai S. and N. Kitabatake (2001). Heting of p-lactoglobulin A
solution in a closed system. Food Sci. 66: 647-652.

Raynal, K and F. Remeuf (2000). Effect of storage at 4°C on the physical and
renneting properties of milk: a comparison of caprine, ovine and bovine
mitks. J. Dairy Res. 67:199-207.

Schreiber, R. (2001). Heat-induced medification in casein dispersions
affecting their rennetability. International Dairy J. 11: 553-558.

Surel, D. and M. Famelart (2003). Heat induced gelation of acid milk: halance
between weak and covelant bonds. J. Dairy Res. 70: 253-256.

Udabase, P, R. Mckinnon and M. A. Augustin (2001). Effects of mineral salts
and calcium chelating agents on the gelation of renneted skim milk. J.
Dairy Sci. 84: 1569-1575.

Ol Blalea il Ld 43 A e - M‘gﬂiuuuldlu.ma(',s‘)adlelmi
Aadialy ol Guad o Adta

.qﬁg‘}lidjmsﬂs",lyaw.\mlmml
o ada = §uadl — §atal deda — Aol AN

cAadiadly "\Ww_};_}.ﬁlﬁm\‘_}mluﬂm y‘ty’ﬂi@hqﬁﬁ#ﬁﬂm!,\éﬁl
sl Ly f-casein Jalad i o il G0 Ala e Jo¥1 Sl s e DA e iy w31 el o iy oad oa
T Ak Galdl e el 2l e 1368y o S SBad S a5 el o dSD gl Wb iy AN 300
DAL e el e S JBNy 5 A e JS elgdY a0 Gl suoal Wlae 080 W RS e s G Jeaill Sy
L SR Py SV R P2 'L PRVOR S 1 PRV TS SR SISV T, DA PO P PG R PR P " [ . EOL R AP
) s S e il A5 ke gdad Sl 138 5 el el ey S skl A C0llaall By, TGN
Al Sa a3 s 2l A 3 el il 80 oy o Gl g g call Al Ailal 2ag (e 8 plhse Sl
el e n FNy g s e 8 e e ) S DS e 530y e e g S g AR i S Aadial
AL ALY ey e LYY e se b bee qa gkl gl dsiidly ol ot e A

{Jﬂ.hq.ltf[.u.ll..s 85°C o cpidl ¢ Aighey p day e B i) Ailiad) G ) el Cllaadl e JS 86 A 0 5
Yoz St ROV IEVEF FORIEEY E TIOL Y. 11N VST Rt B U Juua.)uytw.ﬂdls
Ll 15y 5 Cross-linking asle o o il 4 Saiadd 86 Lad s 5 L NGl 3 e 5 dadiad o ol
S Ay 3 o ADWD daie DA e dadialy Sl s Jal e e ol — Transglutaminase —3 e s Jaaily
SRS

iag phase I ila a o yAsiiadl aa olll Jelii ol A3l il 8 Gl Jad e ao f s o D 2 eksf
el i oy S il e U Ala e (Biiia  (Th) Aa gl 8 s ol L by J80 5 4 paath A )
ol A Lles 2 e et e dpled gh pals B GLY 08 sy o (T) Wl a0 a3l A pea o84y K-cCaSEID D
—I’.J‘JJL\!-“‘J*H'WH;‘"‘J*J'l‘}ﬁ(r_oga P S 0.01) ssiaa 5 S b3 ia o any 53 ) 2l
S oas Ty =0 Lo ey Yydde ol l_g.'\.u&jﬂli\l)uu)ul-al;.%‘y_)&uqﬁljmyldmuMHjT,)
M-.; Ji)_'ﬁl‘il.\qjd-h-ﬂi?‘ J\ e 3 L Al Al \_SJL-.IS 3 ala all 5ha u.au}'-.;.}_,ﬁ-.:ﬁ.'l \—Jlel Al
e 5 0 38 (T1) bbb ke 6 A 56585 0 led i3+ S0 ) 0 il

5 iy 5 (Th) 3 e e tan Ul e 51 20 Cand calll 0y 530 Wl 15 Jlee oy uslad Jald ol eiad
Sl Al Ll A e Ll LS ol A0YT i IS (Th) B4 Da taa il mlall dilal il ‘-.=—$=-_>-.J
S b e el 5Y LG wady o) Transglutaminase sl Jad! salll 5 s da e «.ﬂ_k.}'l i3 Cpll el lle
akiall a3 lale Jaag A Jaj y o clia) I g

et Al giag 122y B Ala iy e MG g Ol A g3 B Ay e S5 g AT Al A i B B
1Sy, 3l el 3l Sleasdl 33 2ty Ca-bridging Jue 3 o pei€h oyl Lodl K-CaS@IN D e 4 48 s
ol S L g LBARY Ll a3 12 bl [Tz}l._g'-.-\.‘»..':- Zd J.A-JM_‘J;J" Al J-'J Zlay Aa

Bl slay 53 3 e MINIMUM Jelisd Y Gy gaa dap 3l g pe solisst ol de
—— Siae 33 i g e Sl L Zan pAad oY Slay ga g s lazag Ly 3l 2otz S (Ty) — minimum
ol AL Sl s L L pina YGRS Ly Ty @nd T it e JS iliat 5 (T

S SBS e ALY B GGy ol aa Gadiah w3 Jeli D E dlad wtsam_.il i el 3 o ol o el
A g e e call dEEAD SO 80 e Sl

3374



