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1. Introduction 
.The .coagulation of milk is fundamental to cheese 

manufacturing, and is initiated by the addition of prote- 
olytic enzymes ta milk causing hydrolysis of K-casein 
into para-K-casein and glycomacropeptide. The suitabil- 
ity of a coagulant enzyme depends not only on its clot- 
ting activity but also on the influence that enzyme may 
exercise on curd rheology, particularly through its influ- 
ence on the proteolytic processes of ripening (1). The 
principal disadvantage of some rennet substitutes is 
their high protertlytic activity which produces a bitter 
taste and can even lead to poorer cheese yields (2). 
Separation by size of molec~ules and use of only the 
clotting fractions for cheesemaking is an appropriate 
way to improve the milk clotting to general proteolysis 
ratio of some commercial milk clotting preparations, al- 
though this is not an appropriate technique for microbial 
coagulant enzymes derived from Mucor miehei since 
preparations with a high coagulant power are correlated 
with high rates of proteolysis (3). 

The rate of milk coagulation, the overall yield of 
cheese from milk, and the quality of cheese produced 
are affected by the enzymatic hydrolysis phase. The 
extent of enzymic reaction is determined by measuring 
the concentration of either para-K-casein or macropep 
tide. To determine the glycomacropeptide (GMP) the 
most frequently used method is to determine the non 
protein nitrogen (NPN) during proteolysis, which gradu- 
ally increases, although VAN HOOYDONK et al. (4) 
consider that the sensitivity of this rapid and easily used 
method is insufficient to determine the initial reaction 
rate. An alternative, more specific and sensitive tech- 
nique, which can be easily applied in the laboratory, is 
to use spectrofluorimetry (5); variations of the order of 5% 
in the final level of K-casein in milk could be detected in 
this way. This method has been modified by ROLLEMA 
etal. (6), to determine proteolytic activities of lactic bac- 
teria in sterilised milk. 

Other methods which have been developed include 
high pressure liquid chromatography in a reverse phase 
column (7) or liquid chromatography through gel filtra- 
tion (4,8), the interest of this latter technique lying in its 
rapidity and simple pre-treatment of the samples. Both 
methods permit pre-treatment with trichloroacetic acid 
to eliminate residual components. Other indirect meth- 
ods for determining proteolytic activity are based on the 
dir . inution of viscositv or turbiditv. These methods give 

logical suitability of each enzyme for a particular sub- 
strate is studied, taking calf rennet as a reference (9). 

A detailed understanding of the intricate renneting 
process therefore requires a separate study of the en- 
zymic and coagulation reaction. For this reason the 
present paper reports the results of the kinetic study on 
the action of 8 rennets and coagulant enzymes in pas- 
teurised goat milk and correlates the enzymatic con- 
stant value with some technological parameters such 
as viscosity evolution and cheese yield. , 

2. Material and methods 
2.1 Goat milk 

The milk samples came from a homogeneous ex- 
perimental goat herd of the Consejeria de Ganaderia, 
Agricultura y Pesca de la Regi6n de Murcia. The chemi- 
cal composition of the HTST goat milk was determined 
by a near. infrared system (Milko-Scan 1 33-8, Foss 
Electric, Denmark). The mean values and standard 
deviation are: 4.87% + 0.63 fat, 3.21 % + 0.24 protein, 
4.37% + 0.17 lactose and 12.82 + 0.92 dry matter. 

2.2 Pasteurisation process 
The HTST treatment was carried out in a stainless 

steel laboratory tubular heat exchanger. The milk was 
stirred and introduced into the system by a peristaltic 
pump. The milk in the tubular heat exchanger quickly 
reached 72°C and was kept there for 15 s. The holding 
time was calculated by considering the volume of the 
heat exchanger and the flow from the peristaltic pump. 
Tlie milk was refrigerated by immersion in an ice bath 
after the heat treatment. This system exactly repro- 
duced industrial conditions. 

2.3 Milk clottinq time determination - 
The modified Berridge method was used, as de- 

scribed by the IDF 157 (1 992), using pasteurised Mur- 
ciano-Granadina goat milk at a constant temperature of 
32°C. The coagulant enzymes were diluted in order to 
achieve a theoretical coagulation time of 6 min (Table 1). 
The milk clotting time was repeated in all the samples 
analysed 3 times, or at least until the difference be- 
tween the times determined was no greater than 15 s. 

a quick indication of ihe initial reaction rate, but cannot 
be used to describe the com~lete enzvmic reaction. 2.4 Determination of enzymatic rate constant 

Although many proteases are ca6able of producing The caseinmacropeptide released was determined 
milk coagulation, some show a high level of unspecific (2t 0, 3, 4, 6, 8, 10, 15 and 20 min) by the method de- 
proteolytic activity which produces a decrease in cheese scribed by VAN HOOYDONK & OLIEMAN (4) in all en- 
yield, and modifies the rheological and sensorial prop- zymes, and quantified by spectrofluorimetry following 
erties of the final product. For these reasons the techno- the method described by BEEBY in 1980 (5). 
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Table 1: Rennet and coagulant enzymes studied 

Enzymes Commercial brand Strength (U.S.) Concentration* 

Animal rennet (1 5% Chym.), C.H.L-Lacta S.L. (Madrid). E 15.000 0.39 
Animal rennet (50% Chyrn.) PROINALSA (Barcelona), E 15.000 0.40 
Animal rennet (96% Chyrn.) PROINALSA (Barcelona), E 150.000 0.04 
Kid goat rennet paste (35% Chym.) Caglificio Clerici S.p.a. (Cadorago). I 10.000 1.35 (") 
M. miehei C.H.L.-Lacta S.L. (Madrid), E 14.000 0.43 
Chymosin A (E. co11) Caglificio Clerici S.p.a. (Cadorago), I 50.000 0.13 
Chymosin B (K. lactis) Caglificio Clerici S.p.a. (Cadorago), I 16.500 0.38 
Chymosin B (A. niger) C.H.L.-Lacta S.L. (Madrid), E 6.600 0.88 

' mV100 ml; " 91200 ml 

The first order reaction and Michaelis-Menten rate -enzyme preparations; in kid goat rennet paste there 
constant were determined by least squares fitting the was a high percentage of impurities containing a high 
data (Enzfitter, Biosoft, UK, 1987). Three repetitions level of protein, which can produce interferences in the 
were performed for each enzyme. determination, principally due to the presence of differ- 

ent proteins to those determined in liquid or powder 
2.5 Viscosity measurements rennet preparations. 

The low viscosity cylinder of an LV8 cylindrical rota- 
tional viscometer (U.K. Ltd., Englandr fitted with an 
adapter for small samples was used. The coagulation 
temperature was kept at 32°C throughout the process 
using the double layered insulated thermostatic con- 
tainer of the adapter for small samples connected to a 
thermostatic bath. The adapter was cleaned with a so- 
lution of Triton X-100 and rinsed with distilled water be- 
fore being filled with 20 ml of milk. The measuring in- 
struments, rotor and adapter were kept in a detergent 
solution between measurements. 

The viscosity was determined every 10 s from the 
enzyme addition until the viscosity reached its maxi- 
mum value (the limit set by the type of cylinder and the 
shear rate used). All the measurements were repeated 
at least 3 times, in each case considered. 

2.6 Cheese yield determination 

An indirect calculation of the cheese yield was made 
in the laboratory using the different rennets and coagu- 
lant enzymes.Two ml of renneVcoagulating enzyme 
were added to 20 ml raw milk and left for 30 minutes at 
32°C. The curd was then cut horizontally and vertically 
before being centrifuged at 4000 rpm for 45 min in order 
to simulate pressing. The yield was expressed as a 
percentage, defined by the difference in weight be- 
tween the milk used and the curd obtained. 

3. Results and discussion 
In all the enzymes considered, the ratio of relative 

fluorescence/time reaction increased until a value was 
reached at which GMP release stabilised, this behav- 
iour appearing to be normal considering the evidence 
published in the bibliography (10, 11). This reaction 
proceeded very rapidly during the first 20 min, after 
which the GMP content increased only very slowly. 
These results agreed with those published by 
VANDERPOORTEN & WECKX in 1972 (12). 

When fitting repetitions of the same experiments si- 
multaneously we found that the Michaelis-Menten equa- 
tion fitted all our data well, except in the case of kid goat 
rennet paste and microbial coagulant. This behaviour 
may be explained by the different composition of the 

The'use of the Michaelis-Menten approximation to 
measure K-casein hydrolysis of whole milk has limita- 
tions (13). These limitations arise because K-casein in 
milk does not exist as a single molecule but as aggre- 
gates in casein micelles. VAN HOOYDONK & WAL- 
STRA (14) demonstrated that the enzyme kinetics of a 
heterogeneous system, consisting of soluble enzyme 
and insoluble substrate, cannot be treated with the 
classical Michaelis-Menten theory. 

Although in most of the enzymes studied we found 
that both the Michaelis-Menten equation and the first 
order rate equation fitted our data equally well, we pre- 
ferred the simpler first order rate equation to describe 
our data. In order to compare the effect of different en- 
zymes on the enzymatic hydrolysis we adjusted the en- 
zyme concentration to the concentration which pro- 
duces a theoretical milk clotting time of 300 s. The ex- 
perimentally determined first order enzymatic reaction 
rate constants are shown in Table 2. 

In this study, the enzymatic rate constant of recom- 
binant chymosin B from Aspergillus niger might be 
highlighted. This constant contrasted sharply with the 
rate observed when 96% chymosin rennet and recom- 
binant chymosin B from Klyveromyces lactis were ap- 
plied. Bovine rennets with 15% and 50% chymosin had 
a higher constant rate than those observed with re- 
combinant chymosin B (Klyveromyces lacfis) and kid 
goat rennet paste. The minimum values corresponded 
to the recombinant chymosin A (Escherichia co11) and 
microbial coagulant enzyme. 

In our results the enzymatic rate constant of chy- 
mosin B from Aspergillus niger (8.1 0 has a slightly 
higher value than when this c.nzyme was applied in re- 
constituted milk (7.81 loe3), which agrees with results 
published by LOMHOLT in 1996 (1 5). This may be due 
to the different composition of goat milk. 

The knowledge of milk clotting time and the enzy- 
matic rate constant allow us to know the amount of K- 
casein hydrolysed or the degree of proteolysis (Table 
2). From our results we observed that when animal ren- 
nets were applied at least 76% of the K-casein was 
proteolysed at milk clotting time; these results agreed 
with those published by VAN HOOYDONK & WAL- 
STRA (1 4), who observed that at pH 6.7 virtually no ag- 
gregation of casein micelles occurs before at least 70% 
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Table 2: Enzymatic constant rate and *A hydrolysis of 
K-casein 

Enzymes K (st) a 

Animal rennet (15% Chym.) 7.68 10.j 94'10 
Animal rennet (50% Chym.) 6.69 lo-3  88% 
Animal rennet (96% Chyrn.) 4.59 8 2 '10 
Kid paste (35% Chym.) 5.08 1 0-3 76% 
Chymosin B (K. lactis) 6.00 l o 3  84% 
Chymosin B (A. niger) 8.18 90% 
Chymosin A (E. col~) 2.62 79% 
Mucor miehei 2.17 43% 

of the casein has been hydrolysed. In our results, the 
highest a.mount of hydrolysis corresponded to the ren- 
net with 15% of chymosin (94%), and the lowest per- 
centage was found in kid rennet paste (76%). This 
lower value can be explained taking into account the 
different enzymatic composition of rennet paste (these 
rennets also include a high number of lipases) as well 
as the heterogeneity of the preparation. In the results 
obtained if is possible to highlight the low amount of K- 
casein hydrolysed when microbial coagulant derived 
from Mucor miehei was used; the explanation can be 
found in the lower specificity of this enzyme compared 
with calf rennet although the total proteolytic activity 
was higher in these enzymes, which produced a de- 
crease in cheese yield and modifications of the rheologi- 
cal and sensorial properties of the final product (1 6). 

We compared the degree of proteolysis of K-casein 
with the viscosity evolution (Fig. 1). In this graph it can 
be seen that microbial coagulant enzyme shows the 
lowest specificity, this being associated with a low 
amount of K-casein hydrolysed. Different animal en- 
zymes can be grouped in a second stage; these en- 
zymes are rennets with 50% and 96% of chymosin, kid 
goat rennet paste and chymosin A from E. coli, and 
show a higher degree of proteolysis than microbial co- 
agulant but lower than chyrnosin B and rennet with 15 % 
of chymosin. In the last enzyme this higher activity may 
be due to the higher activity of pepsin. With this graph 
the different technological suitability of these enzymes 
can be estimated, but for cheesemakers what is really 
important is their cheese yield. In Table 3 we can see 
the different values considering the deviation form calf 
rennet which is represented as 10O0/0 of cheese yield. 
These data agree with those published by VANDER- 
POORTEN and WECKX (12), since chymosin has higher 
specificity and greater milk coagulant activity than pep- 
sin, and its smaller percentage of K-casein hydrolisis is 
responsible for the coagulation. The bovine pepsin 
shows a high degree of non-specific proteolytic activity, 
which weakens the proteic network necessary to in- 
clude the fatty acid globules, thus leading to lower 
yields. For this reason, cheese quality and yield will de- 
pend on the chymosin content of the rennet used. In a 
comparison of the behaviour of chymosin and other 
milk coagulants, BARBANO and RASMUSSEN (1 7), 
showed that bovine pepsin led to high fatty acids losses 
in the whey, although not of proteins, which leads to a 
lower cheese yield. These authors also observed high 
fatty acid and protein losses in the whey when microbial 
coagulant was used, showing high proteolytic and low 
coagulant activity, meaning that they are little suited to 
use with Murciano-Granadina goat milk. 

Fig. 1: Viscosity evolution of goat milk as a function of the 
product of time after rennet addition and the enzy- 
matic reaction rate constant (Ke) for the 8 enzymes 
studied 

Table 3: Cheese yield of the different enzymes studied 

Enzymes Yield Deviation from 100% 
98% Chymosin 17.81 i 0.38 0 % 
50% Chymosin 17.24 i 0.42 4,OO % 
15% Chymosin 17.16 rt 0.37 6,74 % 
A. niger 17.43 * 0.12 1,15 % 
E. coli 17.60 i 0.34 3.62 % 
Mucor rniehei 15.94 i 1.02 11,14 

A comparison of recombinant chymosins with calf 
rennet shows that the chymosin B from Aspergillus 
oryrae behaves similarly to the rennet extracts. The 
lower sensitivity to pt-l and the greater curd firmness 
mean that it can be used in lower concentrations in 
cheese making. 
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5. Summary 
LOPEZ, M.B., JORDAN, M.J., HELLIN, P., CASTILLO, 

M., LAENCINA, J.: Kinetics of K-casein hydrolysis by 
different rennet and coagulant enzymes in murciano- 
granadina goat milk. ~ilchwissenschaft 52 (7) 370-373 
(1 997). 
24 Casein hydrolysis (kinetic) 

The extent of enzymatic hydrolysis as a function of time 
was quantified by measuring glycomacropeptide (GMP) 

and correlated with the viscosity changes produced during 
the coagulation process in Murciano-Granadina HTST 
goat milk using 8 rennets and coagulant enzymes, the 
cheese yield was also determinated for all the enzymes 
considered. It was noticeable that rennets with low chy- 
mosin content outperformed rennets with high percentage 
of chymosin, we also determined that chymosin B has a 
higher enzymatic hydrolysis than chymosin A. The amount 
of K-casein proteolysed by animal rennet and genetic re- 
combinant enzymes were at least 80% at milk clotting 
time, the lower amount of K-casein hydrolysed corre- 
sponded to microbial coaguiant enzyme (43%). 

LOPEZ, ~ : 8 . .  JORDAN, M.J., HELLIN, P., CASTILLO, 
M., LAENCINA, J.: Kinetik der K-Caseinhydrolyse durch 
unterschiedliche Lab- und Gerinnungsenzyrne bei Mur- 
ciano-Granadina-Ziegenmilch. Milchwissenschaft 52 (7) 
370-373 (1 997). 
24 Caseinhydrolyse (Kinetik) 

Das AusmaO der enzymatischen Hydrolyse als eine 
Funktion der Zeit wurde durch die Messung von Glyko- 
makropeptid (GMP) quantifiziert und mit den Viskositats- 
veranderungen wahrend des Gerinnungsprozesses bei 
Murciano-Granadina HTST-Ziegenmilch unter Verwen- 
dung von 8 Lab- und Gerinnungsenzymen korreliert. Auch 
die Kaseausbeute wurde bei allen Enzymen bestimmt. Es 
war festzustellen, daO Labpraparate mit niedrigem Chy- 
mosingehalt Labprodukte mit hohem Anteil an Chymosin 
iiberlegen waren. Es wurde auch festgestellt, daO Chy- 
mosin B eine hohere enzymatische Hydrolyse als Chy- 
mosin A hat. Es wurden mindestens 80% des K-Caseins 
durch tierisches Lab und genetisch rekombinante Enzy- 
me zum Zeitpunkt der Milchgerinnung proteolysiert. Eine 
geringere Menge an hydrolysiertem K-Casein war bei mi- 
krobiellem Gerinnungsenzym (43%) festzustellen. 
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1. Introduction 

Lactic acid bacteria are important bacteria for the 
production of fermented milk products. They are able 
to grow in milk by means of their proteolytic system to 
release peptides from casein since it contains only low 
concentration of free amino acids. The components of 
the proteolytic system of lactococci have been investi- 
gated extensively and reviewed (5, 7). However, the 
proteolytic system of lactobacilli has been studied less 
extensively (6, 9, 14). In lactobacilli, Lactobacillus hel- 
veticus has generally the highest proteolytic activity 
and shows the highest activity in casein hydrolysis of 
culture medium (10). Recently, the antihypertensive ef- 
fect specific to the milk fermented by L. helveticus was 

reported by the authors (1 0). Moreover, the importance 
of extracellular proteinase in the production of antihy- 
pertensive peptides from casein was suggested (1 0, 
11). 

The extracellular proteinase purified from L. helveti- 
cus CP790 was a serine type enzyme and had a molecu- 
lar mass of 45,000 (9). The active enzyme was gener- 
ated from a 46 kDa precursor protein by excision of 
amino terminal seven amino acids (1 2). Recently, an en- 
zyme with a molecular mass of 180 kDa protein was 
reported from L. helveticus L89 (4). The enzyme showed 
some differences in the characteristics of the enzyme 
from L. helveticus CP790. 
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