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The ease to locally produce kid rennet contrary to that of calve has led us to compare the proteolytic
and clotting activities of these two rennets depending on their action on goat (Capra hircus) milk and
cow (Bos taurus) milk. The proteolysis was measured by determining the increase of non-protein
nitrogen according to the kjeldalh method and milk coagulation was monitored with the aid of a
formagraph. Each rennet hydrolyses more completely the casein of its own specie. With cow milk, the
coagulation, same as the curd firmness rate of the gels obtained were practically similar independent
on the origin of rennet. With goat milk, the two rennet significantly influenced the coagulation and the
curd firmness rate of the gel. It was concluded that contrary to goat milk, cow milk can be coagulated
indifferently by calve or kid rennet. The hardening of its gel is independent of the type of rennet.
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INTRODUCTION

Between 1996 and 2002, the quantity of Cameroons
imported milk and milk products increases from 3x10° to
more than 10x10% tons (Figure 1) representing US $
3x10° to 8x10°. Meanwhile, in 2000, Cameroon was
having more than 3.2 millions bovines, more than 2.2
ovines and more than 2.5 caprines (Ministry of Economy
and Finance, 2001). Much effort has been put into animal
rearing and local milk production. This has led to
improvements in the production of local milk products.
Due to increasing demands for the consumption of dairy
products, industrialists have shifted not only the produc-
tion of fermented milk (Libouga et al., 2005) but also the
production of cheese. The main problem encountered by
local cheese manufacturers is the absence of rennet in
the local markets. The slaughtering of caves of the
species zebu (Bos indicus) is forbidden by the law
(decree 62/22/COR of 9 March 1962). On the contrary,
the slaughtering of kids (Capra hircus) is not prohibited
by the law. It is therefore, possible to produce kid rennet
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at the spot which is currently used in cheese manufacture
(Verdalet-Guzman, 1992; Calvo and Fontecha, 2004).
Kid chymosin has been purified; its molecular weight is
36 kDa; it is stable at 55°C and has a maximum activity at
37°C. lts clotting activity decreases steadily with
increasing pH and has a maximum activity at pH 5.5. The
proteolytic activity increases with incubation time at 37 °C.
The kid chymosin is more stable than that of calve
(Kumar et al., 2006).

The question arises whether the proteolytic and clotting
properties of kid rennet are similar to those of calve
rennet when they are allowed to react one after another
on goat and cow milk. Many authors have been
interested in kid rennet (Nelson et al., 1977; Hyslop et al.,
1979; Camacho et al., 1991; Calvo and Fontecha 2004;
Vega Hernandez et al., 2004) and calve rennet. (Somers
et al., 2003; Ardisson-Korat and Rizvi, 2004; Zhong et al.,
2004; Dwyer et al., 2005; Leiber et al., 2005; Madadlou et
al.,, 2005). The proteolytic activities of calve rennet on
cow casein (Ernstrom and Wong, 1983) as well as that of
goat rennet on goat casein are specific reactions (Awad
et al.,, 1999). The coagulation of milk is a process that
takes place in two steps (Hyslop et al., 1979): the first
reaction during which casein x is hydrolysed and a se-
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Figure 1. Evolution of milk and milk products between
1992 and 2003. (Ministry of Economy and Finances -
Cameroon, 2005).

cond reticular step during which the micelles of para
casein organises themselves to form a three dimensional
net work; the calcium ions form linkages between para
casein x molecules. Alexander and Dalgleish (2004)
followed this coagulation using spectroscopic methods
and this modelling of goat milk clotting was put into
existence (Castillo et al., 2003). The aim of this study is
to compare milk clotting and proteolytic activities of kid
and calve rennets when acting on goat and on cow milk.

MATERIALS AND METHODS
Milk

Cow (Bos taurus) and goat (Capra hircus) milk are of great mixture.
They were subjected to thermal treatment (30 — 35°C for 10 min)
and are skimmed. They were further conserved by the addition of
toluene (0.5 mLxL™) and conserved in a refrigerator. They are used
within the first 3 — 4 days. To the fresh milk 0 — 30 mM CaCl,.2H.0
was added. The mixture was allowed to stand 4 h for equilibrium;
after the first 2 h, the pH was adjusted to 6.7 by addition of diluted
NaOH and the new pH is verified; this pH is eventually brought to
6.7. Other milk samples were added under strong agitation of
NaOH (10 N) or concentrated lactic acid. These samples were
allowed to stand 4 h for equilibrium and their pH after 3.5 further
hours was noted.

Caseins

Cow milk as well as goat milk were skimmed and diluted 4 times
with distilled water and 0.5 M acetic acid was added until pH = 4.6.
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The precipitate was collected by centrifugation, washed with
distilled water and dissolved again in 0.5 M NaOH (pH = 7). The
caseinates obtained were conserved under freeze drying form
(Johnson, 1983).

Rennet solutions

Calve rennet is a commercial rennet (Boll Establishments, Arpajon,
France); 99.5% of the activity is due to chymosin. Its force is
1/10,000. The kid rennet is prepared as follow: abomasums of
slaughtered kid were washed and dried in a well ventilated oven
(40°C, 12 h), cut into small pieces and then 52.5 g were introduced
in 700 ml 7.5% NaCl, 3% HsBOs; according to Zalaza and
Reinheimer (1980) at 4°C for 3 days. The liquid discarded from
tissues is added to 0.2% KAI(SQO4)2.12H20 concentrated solution.
The pH drops to approximately pH 4 and it was brought to pH 2 for
about an hour. After which, it is taken to pH 5.5 by addition of
NazHPO, (Riedel-de Haén) according to Valles and Furret (1977).

Chromatography

A Sepharose gel containing quinone is prepared as follows: a
mixture of 200 mL of Sepharose 4B (Pharmacia Fine Chemicals),
120 mL of 0.10 M benzoquinone (Merck), and 400 mL 0.05 M,
pH 8.0 phosphate buffer is agitated gently in obscurity for 24 h. The
gel obtained is washed with 500 mL 0.05 M, pH 8.0 phosphate
buffer and it was subjected to a slow agitation in the presence of
300 mL 0.1 M, pH 8.0 according to Gregorio Di et al. (1979a). This
gel is conserved at 4°C in presence of NaN3; and is used within the
first 30 days. The gel of 30 cm length was put in the column
(42 x 1.1 cm); the sample (2 mL) was eluted with 0.1 M, pH 6.7
phosphate buffer with a flow rate of 9.5 mL/h. Collection of fractions
was made using Microcol TDC 80 (Gilson). Fractions of 5 mL were
collected. The optical density was obtained by passing different
fractions through a spectrophotometer at 280 nm using a 1.0 cm
length curvet.

Measuring of milk clotting time

The determination of milk clotting time was done according to
Berridge (1952) and Collin et al. (1977). Reconstituted milk
(Berridge substrate) was obtained by dissolvi;ng 12 g of low heat
powder milk (INRA, Poligny, France) in 100 mL of 0.01 M
CaCl,.2H,0. To 10 mL of this reconstituted milk in a test tube were
added 0.5 mL enzymatic solution and put in a water batch at 30°C.
The test tube was submitted to a slight rotation until a layer of film
of milk appears inside of the wall of the test tube. The time obtained
is the mean of three trials.

Quantity of chymosin

The milk clotting activity is expressed in rennet unit (RU) according
to the following relation:

RU=(10x V) /(T xV)

V is the milk volume (mL); v is the chymosin, it is calculated
according enzymatic solution (mL), T is the milk clotting time in
seconds. The quantity of chymosin is calculated according to
Gregorio Di et al. (1979b). It is substrate from the total milk clotting
activity (RUr) of the sample the milk clotting activity of the first peak
(RUf). The quantity of chymosin is obtained by the following
formula:
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% of chymosine = [(RU+) - (RUg)] x100 / (RUr)

Determination of the rennet force
The rennet force was calculated using the following formula:
Fy x Cx x tx = Fs x Cg x tg

Where Fy, Cx and ty are respectively the force, the concentration,
and the milk clotting time of the reference rennet and Fs, Cs and ts
are that of the unknown rennet.

Physicochemical parameters determinations

The pH is determined using a glass electrodes pH meter. The
titrable acidity is measured using N/9 NaOH. To 10 mL of milk,
containing some drops of phenophtalein were added N/9 NaOH
until the appearance of rose colour. The number of mL of N/9 mL
NaOH corresponds to the quantity of acidity in dornic degree (°D)
(Recueil des Normes Frangaises, 1980). The nitrogen content was
determined using the kjeldalh method (Recueil des Normes
Frangaises, 1980), using a selenium catalyst. Determination of
calcium ions was done with flame atomic absorption (Z-8 100
Polarized Zeeman de Hitachi) apparatus. The supplying circuit is
rinsed with Millipore water and the standard solutions are injected
one after another. The sample was injected after cleaning of the
supplying circuit with Millipore water.

Proteolytic activity determination

The 2% (w/v) cow or goat casein solutions are obtained by
dissolving freeze dried casein in 25 mM, pH 6.7. Kid rennet were
concentrated 3.5 times by filtration using Amicon cell with a
membrane of 10,000 cut-off. The dilute calve rennet and the
concentrated kid rennet had the same force using Berridge method
(1952). The mixture rennet/casein solution (1%) (v/v) was incubated
in a water batch at 35°C and periodically an aliquot of the mixture
was taken and mixed with trichloracetic acid at the final
concentration of 12% according to Rowland (1938) and Garnier
(1957). An aliquot of the liquid filtrate (0.2 u porosity Millipore
membrane) of this solution (NPN: none protein nitrogen) as well as
a sample of the mixture rennet and casein solution (TN: total
nitrogen) were submitted to kjeldalh analysis; at different times,
variations of none protein nitrogen (% A NPN / NT) were expressed
as follow:

% ANPN /TN =100 x (NPNi-NPNo) / TN

Where NPN, and NPN; are respectively the values of none protein
nitrogen at the beginning and the time “t”.

Formagraph measurements

The formagraph is formed by a pendulum plunged into a bowl
containing the mixture casein : rennet (Libouga et al., 2002). The
clotting of milk is plotted on a photo sensible paper moving at the
rate of 2 mm/min. Two main parameters “r’ and “kz” are defined on
the formagramm. “r’ measures the time between the time when
renneting and the instant where the separation between the two
branches of the formagramm reaches 1 mm while koo measures the
time between the moment of renneting and the instant where the

€

two branches space reaches 20 mm. For “r” or “ks”. The value ob-

tained when adding 0 mM CaCl,.2H,0 is considered to be 100 and
all the other values are expressed proportionally (Proportional
numbers).

Plotted formagramm

Formagramm are scanned and plotted using ungraph software
(Biosoft United Kingdom).

Statistical analysis

Variance analysis (ANOVA) are used to compare average using
SAS (User’s Guide, 1985) software.

Mathematical model for none protein nitrogen
Yij =H+ GCi+ Tj+ (C*T)ij + €j

Where: Yj is the percentage of none protein nitrogen for the ith
hydrolysis of casein by rennet hydrolysis after the | time, p is the
general average, C; is the effect of the casein, i" rennet hydrolysis
with i = (CCCR, CCKR, GCCR, GCKR), T; is the effect of the j‘h time
with j = (0, 1, 2, 4, 6, 8, 10, 12, 15, 20, 25, 30, 45, 60, 90 min),
(C*T); is the effect of interaction between the i™ hydrolysis and the

i time, e is the error effect of the percentage of none protein
nitrogen on the i hydrolysis after the " time.

Mathematical model for coagulation
Yab=H + La+ To+ (LT)ab + €ab

Yab is the milk clotting time for the a™ action of rennet on milk with
the b™ quantity of CaCl».2H,0. p is the general average. L, is the
effect of a" action of rennet on milk with a = (CMCR, CMKR,
GMCR, GMKR). T, is the effect of the b™ quantity of CaCls.2H,0
with b = (0, 5, 10, 15, 20, 30 mM). (L*T)x is the effect of the
interaction between the a™ action of rennet on milk and the b"
quantity of CaCl..2H20. ey, is the effect on the milk clotting time of
the a'™ action of rennet on milk with the b™ quantity of CaCl,.2H0.

Mathematical model for curd firmness
Yk|= U+ Pk + T|+ (P*T)H + €x

Where: Yy is the time of firmness of the curd for the k™ action of
rennet on milk with the b™ quantity of CaCl,.2H;0. p is the general
average. Py is the effect of the k™ action of rennet on milk with k =
(CMCR, CMKR, GMCR, GMKR). T, is the effect of the I"™ quantity of
CaCl,.2H20 on milk with | = (0, 5, 10, 15, 20, 30 mM). (P*T)y is the
effect of the interaction between the k™ action of rennet on the milk
and the I" quantity of CaClo.2H20. ey is the effect of curd firmness
time of the error on the k™ action of rennet on milk with the I
quantity of CaCl..2H-0.

RESULTS AND DISCUSSION

Table 1 indicates the physicochemical characteristics of
cow and goat milks: pH, acidity, total solid, total nitrogen,
none protein nitrogen and calcium. The physicochemical
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Table 1. Physicochemical characteristics of cow and goat milks.

Milk pH Acidity (°D) TN(@xL") | NPN(gxL") | Total calcium (g x L™
Goat milk 6.7-7.0 15-19 4.20 0.49 1.12-1.43
Cow milk 6.7-6.9 17 =20 4.62 0.31 1.07

°D = Dornic degree; NPN = none protein nitrogen; TN = total nitrogen.

characteristics of cow and goat milks: pH, acidity, total
solid, total nitrogen, none protein nitrogen, calcium. Fresh
goat and cow milk have almost identical pH and acidity
values. Goat and cow milk protein are 24 and 27 gxL
respectively. These values are smaller than that usually
published (Johnson, 1983). Some authors indicated that
chemistry compositions of goat and cow milk are different
(Verdalet-Guzman, 1992). Calcium content in goat and
cow milk is the same as that found in literature (Johnson,
1983). Figure2 is a chromatogram obtained by
performing the bio specific chromatography of kid rennet.

Chymosin content in kid rennet is closed to 95% of
activity. A 1% calve rennet solution corresponds to 3.5%
kid rennet solution. Table 2 shows that the schemes of
the proteolysis of goat casein and that of a cow under the
actions of either kid or calve rennet are similar: kid rennet
hydrolyses cow and goat casein just as calve rennet. The
percentage of proteolysis of goat casein by the kid rennet
is significantly (p<0.05) different from that due to calve
rennet and vice versa. The proteolytic activity of kid
rennet is well-known (Calvo and Fontecha, 2004). Each
rennet proteolyses its own casein better than that of other
species.

Casein proteolysis either with kid or with calve rennet
on casein are specific reaction and do not change cheese
yield. Camacho et al. (1991) found the same conclusion
when making cheese with goat milk using either kid or
calve rennet. Figure 3 illustrates the formagramm
obtained by allowing kid rennet to react with goat milk at
pH 7.0. Figure 4 and Table 3 show the variation of milk
clotting time of goat and cow milk under actions of kid,
and calve rennet as a function of the pH of milks and
CaCl,.2H,0 added in milk. Figure 5 and Table 4 illustrate
the evolution of goat and cow curd firmness under
actions of kid and calve rennet as function of milk added
CaCl,.2H,0. Between pH 5 and 7.5, there is no signifi-
cant difference between curd firmness time of goat and
cow milks under calve and kid rennets. With milk added
CaCl,.2H,0, the cow milk firmness time does not vary
with type of rennet contrary to goat milk. Between pH 5
and 8, there is no significant difference (p<0.05) between
milk clotting time of goat and cow milk under the actions
of kid and calve rennet. In the presence of milk added
CaCl,.2H,O (0 — 20 mM), the milk clotting time varies
significantly (p<0.05) according to goat or cow milk.
Between 20 — 30 mM CaCl,.2H,0O added milk, Ca** ions
delays milk clotting time. During milk pH modification, the

—&—0D (280 nm)
=O—Milk clotting activity (RU)

0.18 9
(@]
0154 ™
g
0.12 4 LR F6 =
= >
E o S
o -
0 o
N 0.09 - ;
a £
o 5
o
0.06 1 3 x
[ L] =
n
. [ L
i (]
0.03 - ..
Hgm
m n
]
L O Hgm
t "o u .llla
0.00 0
1 59 117 175 233 291

Number of fractions

Figure 2. Chromatogram of a biospecific chromatography of kid
rennet.

main phenomena should be casein demineralisation
followed by its hydrolysing. The increasing of calcium
concentration in goat or cow milk results in milk clotting
time decreasing when using either kid or calve rennet.
During milk clotting, calcium ions makes bridges between
micelles of para casein indicating that, the more there are
calcium ions (0 — 20 mM) in milk, the more there will be
linkage and the faster will be milk clotting. At concen-
trations higher than 20 mM added CaCl,.2H,0, Ca*
inhibits milk clotting network. When using kid or calve
rennet, milk clotting time decreases faster when using
cow milk than goat milk. Goat milk micelles are bigger
than cow milk micelles. Milk clotting time due to chymo-
sine depends on micelles size (Ekstrand et al., 1980;
Omar, 1985; O’'Connel and Fox, 2000); it decreases while
micelles size increases. For the same volume, there are
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Table 2. Changes in non-protein nitrogen (A%NPN/NT) with incubation time.
A%NPN/NT
Time (min) CC/CR CC/KR GC/CR GC/KR
0 0+0.017 2 0+0.017 3 0+0.017 @' 0+0.017 %
1 0.56 +0.017 2 0.62 +0.017 2 0.15 +0.017 %% 0.30 +0.017 %2
2 0.63+0.017 3 0.67 £0.017 23 0.34 +0.017 ©* 0.60 +0.017 293
4 0.74 £ 0.017 ** 0.75+0.017 &4 0.56 +0.017 >* 0.76 £0.017 &4
6 0.99 +0.017 ®° 0.91 £0.017 25 0.72 £0.017 ¢° 114 +0.017 %°
8 1.21 £0.0172° 1.11 +0.017 ®® 0.80 +0.017 ©° 0.99 +0.017 %&
10 1.30 £ 0.017 27 1.15+0.017 °87 0.78 +0.017 &&7 1.03+0.017 987
12 1.36 +0.017 28 1.23+0.017 °® 0.87 £0.017 ® 0.98 +0.017 ¢87&
15 1.39 +0.017 28° 1.16 £0.017 %7 0.95+0.017 °° 1.13 £ 0.017 9059
20 1.43+0.017 210 1.25 +0.017 &0 0.91 +0.017 @810 1.02 +0.017 467810
25 1.32 +0.017 2781 1.23 +0.017 P&101 1.24 +0.017 o' 1.04 +0.017 4671011
30 1.41 +0.017 2%1012 1.38 +0.017 2012 1.10 £0.017 2 1.11 £0.017 ©¢5912
45 1.59 +0.017 " 1.30 +0.017 ™ 0.98 +0.017 ©°13 1.19+0.017 4™
60 1.52 £0.017 2" 1.40 +0.017 121 0.99 +0.017 %' | 1.47 +0.017 4%°1314
90 1.71 +0.017 2" 1.38 + 0.017 >12141° 1.04 +£0.017 " 1.22 +0.017 ¢1315
Values in the same line having the same letter (a, b, ¢, d ...) in exponent are not significantly different at the threshold of
5 %. The values in the same column having the same number (1, 2, 3, 4 ....) in exponent are not significant.
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Figure 3. Formagramm obtained by kid rennet on cow milk (raw = o . -
picture was scanned and drawn again using Ungraph software). 201 °
a
e
. o . . 101 o
more bridges between para casein micelle in cow milk o ¥ £
than in goat milk. o % x
Para casein micelle network is formed more rapidly 00 4l E‘g'] = v
with cow milk than with goat milk. The proteolysis of cow 5 6 7 8
casein by kid rennet is not complete compare to calve pH

rennet but since cow milk micelles are relatively small,
cow milk coagulation is not limited by the number of para
casein micelles capable to form bridge with calcium ions.
It is the same conclusion when considering the firmness
of the gel obtained with cow milk reacting with kid and
calve rennets. Different results are obtained with goat
milk casein micelles which are bigger than cow milk
casein micelles (Verdalet-Guzman, 1992). This can be

Figure 4. Variation of milk clotting time (r) of goat milkk (GM) and
cow milk (CM) pH under actions of kid (KR) and calve rennets (CR).

ex plained by the fact that, proteolysis of goat casein by
calve rennet is less complete than with kid rennet. The
coagulation of goat milk is limited by the quantity of para



Table 3. Variation of milk clotting time with quantity of CaCl,.2H,O added.

Libouga et al.

CaCl2.H20 Milk clotting time (proportional numbers)
(mM) CC/CR CC/KR GC/CR GC/KR
0 100 + 1.46 ' 100 + 1.46 ' 100 + 1.46 ' 100 + 1.46 '
5 52.66 + 1.46 22 54.27 +1.46 P2 72.02 +1.46 ©2 78.25 + 1.46 %2
10 39.00 + 1.46 23 40.47 +1.46 2P3 63.47 +1.46 ©* 70.22 +1.46 %3
15 31.00 +1.46 24 33.36 + 1.46 24 61.47 +1.46 %4 64.96 + 1.46 %4
20 28.00 + 1.46 45 28.81 +1.46 205 59.94 + 1.46 ©34° 65.93 + 1.46 %4°
30 21.66 +1.46 2° 29.23 +1.46 >°° 59.79 + 1.46 342 77.70 + 1.46 %%°

Values in the same line having the same letter (a, b, ¢, d ...) in exponent are not significantly different at the threshold of 5 %. The
values in the same column having the same number (1, 2, 3, 4 ....) in exponent are not significantly different at the threshold of

5 %.

Table 4. Variation curd firmness time with quantity of CaCl».2H,O added.

CaCl2.H.0 Curd firmness (proportional numbers)
(mM) CC/CR CC/KR GC/CR GC/KR
0 100 £ 0.9 @' 100 +0.9 ' 100 £ 0.9 @' 100 +0.9 '
5 43..30 + 0.9 *? 46.45 + 0.9 22 82.0 +0.9 *2 54.08 + 0.9 %2
10 35.27+0.9 %3 38.49 +0.9°3 63.80+ 0.9 ©* 50.99 + 0.9 43
15 31.25+0.9%* 32.87 +0.9 204 70.0 +0.9%* 50.95 + 0.9 434
20 29.46 + 0.9 45 34.60 +0.9 °*° 91.20 +0.9 °° 54.95 + 0.9 %2°
30 37.95+0.9 *° 38.67 + 0.9 P36 136.20 + 0.9 *° 82.80 + 0.9 ¢

Values in the same line having the same letter (a, b, c, d ...) in exponent are not significantly different at the threshold of 5%. The
values in the same column having the same number (1, 2, 3, 4 ....) in exponent are not significantly different at the threshold of
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Figure 5. Evolution of curd firmness time (k) of goat milk (GM)
and cow milk (CM) pH obtained with actions of kid rennet (KR) and
calve rennet (CR).

casein micelles between which bridges are formed
through calcium ions. Goat milk clotting, as also the
firmness of its gel are made faster with kid rennet than
with calve rennet. Between 20 and 30 mM added
CaCl,.2H,0, Ca® acts as milk clotting inhibitor. Kid and
calve rennet can be used to clot cow milk. With cow milk,
the curd formation and its firmness are similar when
using kid rennet or calve rennet. Proteolysis of cow [
casein is not as total as that of calve. On the contrary,
when using goat milk, kid rennet gives best milk clotting
time than that of calve and its gel is faster firm up.

Conclusion

The actions of calve and kid rennet are different depen-
ding on the milk on which they react. With cow milk, the
coagulation as well as the curd firmness rate of the gels
obtained were practically similar independent on the
origin of rennet. With goat milk, the two rennets signifi-
cantly influence the coagulation and the curd firm ness
rate of the gel. Contrary to goat milk, cow milk can be
coagulated indifferently by calve or kid rennet. The
hardening of its gel is independent of the type of rennet.
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