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Kinetics of syneresis in fresh goat cheese 
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Control of the syneresis process is a key step for increasing the curd yield and improving cheese quality. The objective 
of this study is to determine the kinetics of the syneresis process, since there are few references in the bibliography con- 
sulted, and some of which seem to be contradictory. In this study several methods of calculation and graphic analysis are 
applied to data obtained through gravimetric drainage of the curd, which shows that the syneresis is governed by first- 
order kinetics. One of the methods tested allows the calculation of velocity constants consistently adjusted to the synere- 
sis process, and is also valid for analysing the release velocity of whey components such as protein, fat, lactose and dry 
matter. Results derived from the release rate of whey components can improve our knowledge about the flow of material 
during the syneresis process. 
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1. Introduction 

Whey drainage during cheese production, and espe- 
cially the extent and velocity of the syneresis, directly 
influences the cheese humidity, conditions the time- 
scale of production and determines the protein and fat 
losses in whey, affecting the chemical, rheological and 
organoleptic properties of cheese. Numerous factors 
affect the final volume of whey drained (1, 2, 3), though 
regarding kinetics and syneresis rate, there are sub- 
stantial differences from author to author. MARSHALL 
(2) proposed a method for measuring syneresis fitting 
the equation: 

Where Co is the original milk volume and C is the curd 
volume after time t. PER1 etal. (4) modified the MAR- 
SHALL (2) method. The data were fitted to the equation: 

where Vt is the amount of whey released at time t and k 
is a constant. EL-SHOBERY and SHALABY (5) found a 
linear relationship between the inverse of the volume of 
whey released and time. KAYTANLI et al. (6), claimed 
that syneresis fits a first-order kinetics, where the 
nepierian logarithm of the whey volume versus time 
was lineal. 

The objective of this study was to present a calcula- 
tion method for the syneresis velocity constant based 
on the method proposed by PER1 etal. (4) and to com- 
pare it objectively to those proposed by EL-SHOBERY 

and SHALABY (5), and KAYTANLI ef a/. (6). A second 
aim was to develop a valid method for analysing the re- 
lease velocity of whey components. 

2. Material and methods 

2.1 Experimental design 

Ten tests were done at a range of pH (6.3,6,5.1,4.8) 
to obtain the syneresis rate constants. Whey masses 
were collected at predetermined time intervals (1 0, 20, 
30, 45, 60, 75, 90, 105,120 min) in different beakers. 
Syneresis velocity constants were obtained using the 3 
different methods mentioned. In order to examine the 
methods, a regrouping of the data was performed. For 
each test, one group of data at regular time intervals 
(30, 45, 60, 75,90, 105, 120) and another one at differ- 
ent time intervals (20, 30, 60, 75, 105, 120) was ob- 
tained. This method of regrouping the data guaranteed 
that any variation of the calculated rate constant be- 
tween treatments with different time intervals was due 
only to the method of calculation. 

2.2 Goat milk 

Murciano-Granadina goat milk was obtained from a 
homogeneous goat herd. The chemical composition was 
determined by near infrared spectroscopy (NIR) (Milko- 
Scan 133-8, Foss Electric. Denmark). The means and 
standard deviation were: 4.62%0.19 fat, 3.1 4%+O.l5 
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protein, 4.72%*0.18 lactose, 13.08k0.33 dry matter. 
Milk was pasteurised (72"C, 15 s) in a laboratory tubu- 
lar heat exchanger, which exactly reproduced industrial 
conditions. Calcium chloride 50% w/w was added at 
concentration of 0.3 mllkg of milk, together with 0.02% 
sodium azide (wlw) as an anti-microbial preservative. 
Concentrated lemon juice (460 g/l of citric acid, River- 
bend Espafia, S.A.) was added slowly through vigorous 
stirring at 4°C until target pH. Samples were refriger- 
ated (4"C, 24 h). Prior to enzymatic hydrolysis, a final 
pH adjustment was made. 

2.3 Determination of enzymatic and coagulating 
activity. 

Calf rennet (gooh chymosin, 10% pepsin, IDF Norm 
1 1 OA, 1997) was used. Coagulant activity was estimated 
by IDF Norm 157 (1 992). Both determinations were per- 
formed 3 times. The enzyme was diluted in acetate 
buffer (pH 5.5), in order to achieve a coagulation time of 
300k l5  s, and then kept at 4°C. 

2.4 Cheese production and whey col l~ct ion 
Milk aliquots of 500g were placed in wide-topped 

containers and introduced into a water bath (32"C-+0.1). 
When thermal equilibrium had been reached, the en- 
zyme was added and the milk was stirred (15 s). Cui'd 
was cut into cubes (1 cm3), 30 min after adding ihe en- 
zyme, and the mixture of curd and whey was stirred 
(1 5 s) before being poured into a cheese-cloth (1 cm2 
pores), and suspended at constant height. The whey 
was collected in beakers which were weighed at pre- 
determined time intervals until 2 h had elapsed. The 
material recovery rate was 97.5%&0.2. 

2.5 Calculation of the velocity constant of the 
syneresis process 

Whey masses (g) were collected at different times in 
different beakers. SI was given to be the mass col- 
lected from the moment the curd was cut until the first 
beaker was removed; S2 was taken to be the amount 
collected from the moment when the first beaker was 
removed until the second beaker was removed, and so 
on. Figures used corresponded to whey mass instead of 
volume, in order to reduce the analytical error. The ve- 
locity constants were obtained using 3 different methods: 
EL-SHOBERY and SHALABY (5), KAYTANLI etal. (6) 
and the method we proposed. In order to apply our pro- 
posed method, a series of calculations were performed: 

Calculation of the accumulated mass released by the 
curd (S,): 

Calculation of the mass retained by the curd at each 
moment (SR,, SR ,,..., SR,, ..., SRn-I): 

SRi= S,-Si i = 1, 2, ..., n-1 [41 

The syneresis velocity equation, assuming that whey 
release fits a first-order kinetics, would be: 

In SR =In SRO- Kt 151 
where the slope is -K (velocity constant), and In SRO 
represents the whey retained by the curd at time zero. 
The beakers holding the different whey masses were 
analysed by previously calibrated NIR. The samples 

were kept at 4°C until they were analysed (24 h later). 
The velocity constant for each chemical component of 
the whey was calculated independently. 

Taking 11, 12 ,..., li, ..., In to represent the concentra- 
tions (% wlw) of each chemical component of whey I 
(fat, protein, dry matter or lactose) at different times, we 
were able to calculate the mass of that component 
which had been released by the curd (CI, C2, ..., Ci, ..., 
C,,) at each time interval: 

Ci=(li*Si)/lOO i=1,2, ..., n [GI 
It was now possible to calculate the accumulated mass 
of the whey components released by the curd (C,) and . 

thus calculate the velocity constants according to the 
method above described for the whey as a whole. 

2.6 Statistical analysis 
Statistical computations were performed using Sta- 

tistics 3.5. Analytical software. The fit of all the data to 
strain lines was evaluated using the least square linear 
regression method, and velocity constants of syneresis 
were obtained from the slope. Statistical significance of 
differences, between the least square means (LSM) of 
the velocity constants obtained at regular and different 
time intervals and also between the ones calculated by the 
3 different methods, were tested using variance analysis. 

3. Results and discussion 
3.7 Comparison of methods 

LSM of the velocity constants (Table 1) determined 
by the EL-SHOBERY and SHALABY (5) method were 
significantly different from the ones obtained by the 
proposed method or the KAYTANLI et al. (6) method, 
using both regular and different time intervals. Differ- 
ences between LSM obtained by our proposed method 
were not significantly different from the ones obtained 
by the KAYTANLI et a/. (6) method, neither at regular 
nor at different time intervals. In addition, LSM calcu- 
lated by the EL-SHOBERY and SHALABY (5) method 
or the KAYTANLI et a/. (6) method were significantly 
different when they were obtained at regular or different 
time intervals. Only LSM of the velocity constant were 
statistically the same using both regular and different 
time intervals, when they were obtained by the pro- 
posed method. 

Table 1 : Effect of calculation method and regularity of 
time intervals on the velocity constant 

Regular time Different 
intervals time intervals 

Proposed method -0.03256 "' -0.03224 "' 
El-Shobery and 
Shalaby, 1992 

0.00247 @' 0.00096 b3 

Kaytanli et a/., 1993 -0.0351 9 "' -0.02622 

a-b Means with the same superscript are not significantly differ- 
ent (p<0.01). Comparison is made only within the same column. 
1-5 Means with the same superscript are not significantly differ- 
ent (p<0.01). Comparison is made only within the same row. 
Proposed method (modified from Peri el a/., 1985). n=  10 

Using KAYTANLI etal. (6).  i t  was noted that the lin- 
ear regression between the nepierian logarithm of the 
whey mass (In S) and time was not satisfactory, since 
the average determination coefficients (R2) was low 
using regular and different time intervals (R2=0.7286; 
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R2=0.5186, respectively) (Fig. 1). So, data processed 
by this method did not consistently fit a first-order kinet- 
ics. When analysis was performed using the EL- 
SHOBERY and SHALABY (5) method (Fig. 2), at regu- 
lar time intervals, a good linear regression between the 
inverse of the whey mass (11s) and time was obtained 
(R2=0.9926). However, using different time intervals, 
linear regression was not good (R2=0.5072), so the 
data did not consistently fit a second-order kinetics. Ap- 
plying our proposed method (Fig. 3), the linear regres- 
sion between the nepierian logarithm of the whey mass 
retained by the curd (In SR) and time was quite good at 
both regular and different time intervals (R2=0.9779 
and R2=0.9817). This consistently supports the idea of 
a first-order kinetics for the syneresis process. 

Fig. 1 : Whey as a function of time (Kaytanli et a/., 1993). 0 
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Fig. 2: Whey as a function of time (El-Shobery and Shalaby, 
1992). 0 Regular time intervals; e different time in- 
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Fig. 3: Whey as a function of time. Proposed method (modi- 
fied from Peri etal., 1985). One unit was added to Ln 
SR value at different time intervals in order to distin- 
guish the lines. 0 Regular time intervals; different 
time intervals 

3.2 Kinetics of whey components 
The use of our proposed method showed that re- 

lease of the each chemical component also follows a 
first-order kinetics. Means and standard deviation of the 
velocity constants were: -0.0326+0.0011 whey, -0.0272 
r 0.0024 protein, -0.0298r0.0036 fat, -0.0280+0.0024 
lactose and -0.0279+0.0025 total solids. R2 from the 
lineal regression was 0.981 7 + 0.0043 whey, 0.9962r 
0.0034 protein, 0.9922r0.0059 fat, 0.9961 k0.0035 lac- 
tose and 0.9960r0.0036 total solids. The means of the 
rate constant could be ordered as follow: whey > fat > 
lactose > total solids > protein. Velocity constants ob- 
tained for the whey were significantly different from 
those obtained for the protein, lactose and total solids 
(p<.0.05), but no differencc?~ could be found between 
constants for whey and fat. There were no significant 
differences between the velocity constants obtained for 
each whey component. Even though, the velocity for fat 
was not significantly different from the velocity of the 
rest of components, the behaviour for fat release was 
observed to be slightly different. The Pearson correla- 
tion coefficient between whey and fat velocity constants 
(0.85) was smaller than the correlation between the ve- 
locity constant for the whey in relation to each one of the 
velocity constants for protein, lactose and total solids 
(0.94, 0.93 and 0.93 respectively). The analysis of fat 
mass retained by the curd at each moment (CRi) ex- 
pressed as a percentage of the respective accumulated 
fat mass (C,), showed that most of the fat, was expelled 
at the moment of cutting and stirring the gel. This fact 
could be explained by the effect of cutting and stirring 
on the syneresis process and the emulsion state of fat 
globules (2-1 0 pm of diameter). Most of the fat globules 
are mechanically trapped by the protein network so that 
any manipulation which can result in a break of the gel 
must involve the evacuation of fat globules. As reparted 
by VAN DEN BIJGAART (3), cutting the curd must result 
in pressures of over 100 Pa at the point where the curd 
fractures. Shear effects must play a part too. Deforma- 
tion of the curd during cutting results in microstructure 
changes with an increase of the local permeability coef- 
ficient. Stirring may result in bulk liquid turbulence ef- 
fects, boundary layer shear forces and collisions that 
produce a pressure-induction phenomenon. 

Chemical analysis of whey also showed that the per- 
centage of protein and lactose in the whey increased 
slightly with time during syneresis, which agreed with a 
rise of permeability coefficient with time during synere- 
sis (7, 8). The fact that the velocity constant for fat was 
slightly higher (but not significantly different) than the 
velocity constant for the other whey components is not 
incompatible with the reduction in the amount of syn- 
eresis observed by various authors when the fat con- 
tent of the milk is higher ( I .  2.9,lO). Syneresis depends 
mainly on the permeability and porosity of the curd, as 
well as the endogenous and exogenous pressures. Fat 
plays no direct role in the formation of the coagulum, but 
it is retained in inert form in the network pores and 
vacuoles. A high percentage of fat could obstruct the 
neo-formation of links between the caseins during syn- 
eresis. VAN DlJK and WALSTRA (7) found a reduction 
in porosity due to the mechanical effect of fat which 
plugs the pores of the network. leading to a lower coef- 
ficient of curd permeability. This hypothesis would 
explain why an increase in milk fat inhibits syneresis 
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independently from the velocity at which fat dragged by 
the whey during syneresis is liberated from the curd. 

4. Conclusion 

The proposed method showed that the release of 
whey and each one of the whey components consid- 
ered individually follow a first-order kinetics. This method 
was the only one tested that allowed a good adjustment 
of data to a straight line giving velocity constants, which 
did not depend on time intervals considered. The method, 
when applied to the individual whey components, offers 
new possibilities for deepening our knowledge of syn- 
eresis phenomena. We found that the syneresis mecha- 
nism for fat was different from the syneresis mechanism 
for protein and lactose. 
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Functional properties of the whey protein fractions produced 
in pilot scale processes. Foaming, water-holding capacity and 
gelation 

By P. RANTAMAKI, 0. TOSSAVAINEN*, M. OUTINEN*, T. TUPASELA, P. KOSKELA and 
M. KAUNISMAKI 

Agricultural Research Centre of Finland, Food Research, FIN-31600 Jokioinen, Finland 
*Valio Ltd, R & D, PO Box 390, FIN-00101 Helsinki, Finland 

- - ~- -- ---- - - - ~ ~  -- ~ - - -  

The foaming properties, water-holding capacity and gelation of a-lactalbumin (@-LA) and P-lactoglobulin (P-LG) frac- 
tions as produced by 4 different pilot scale processes were compared. The foaming properties were measured by whip- 
ping test, the water-holding capacity by centrifugation test and gelation by measuring gel strength. 

The best foaming properties (overrun 21 00-1 600%) were achieved using Pearce's heat precipitation method and a 
chromatographic method with Spherosil QMA LS resin. Lipid residues were the most important factor in depressing foam- 
ing properties. 

Water-holding capacities of all fractions were around 1 ml/g protein except highly denatured R&B a-LA fraction. This 
fraction had 27.3% solubility at pH 4.6 and its WHC was about 3-fold compared to the mean of the others. 

The gel strength of the @-LA fractions was extremely low. The P-LG fractions had good gelation properties except for 
the Pearce 0-LG, which possessed the highest Ca content (8.2gIkg). The gel strength of P-LG fractions varied between 
0.44 and 4.72 N, depending on the pH and processing method used. 
66 Whey protein (functional properties) 66 Molkenprotein (funktionelle Eigenschaften) 

1. Introduct ion 

Good nutritional value of whey proteins and their 
valuable functional properties have launched world-wide 
efforts to utilize them in foods. As a consequence of the 
development in membrane filtration techniques, a large 
variety of whey protein concentrates and isolates is 
commercially available nowadays; and for specific whey 
protein fractions such as P-lactoglobulin, a-lactalbumin, 
CMP, lactoferrin and lactoperoxidase isolation proce- 
dures have also been developed in order to utilize the 
unique properties of each protein (5 ,6 ,  18). 

The aim of this study was to manufacture oc-lactalbu- 
min and (I-lactoglobulin enriched fractions on the pilot 

scale by utilizing 4 selected methods as well as to com- 
pare the functional properties of the fractions in labora- 
tory tests. Two of the processes were based on anion 
exchange chromatography (19) and two on the heat 
aggregation of a-lactalburnin at acid pH (1 3,17). 

In the two earlier articles (1 1, 21) the 4 selected meth- 
ods have been described in detail. Also, the chemical 
composition of oc-lactalbumin and P-lactoglobulin en- 
riched fractions and their solubility, viscosity and emul- 
sifying properties have been displayed. In the present 
paper, we describe foaming properties, water-holding 
capacity and gelation of the same fractions. 
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