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c~l~*tiro.sitt rcltrtlclr trtrtl r/{/l>rcir I c,trz)vtre c.otrc.ctr lrtr I i0tt.s. Tlre slretrr rrrte selecretl (14.68 s-I) corre- 
.s~~orrtl(~tl to tlrrrl itr 11-lric.11 rlrc. c~otrgrr/trtiorr lirrrr 1,vr.s no1 t~torlifierl. A I t r  slirer rwte of  73.12 s-I tltere 
I I*I IS  (I  .sigtt~/~e~(rtr~ rI~[l"~.~~tri.c~ (11 < .OS) it1 111i' trrilk c lo~~i t lg  litite detert~titre(l cot)~pcrred u'iflr the 
.S/IC(II. I Y I I ~ ) . ~  (!/'7..12 ( I I I J /  14.68 s I .  / f  I llrr he~girrt~itry c?/'llrr cotrglrltrtiotl pr.oc.ess 1lrer.e 1t'cr.r u decretrse 
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ltrliorr (0.952--0.994) ~cqtr.v,/i)rr~rtl hc111-cor I I I P  c~orrgrrl~ttioti rit)rc tlrtcrtt~itted by fhe Berridge t~~etltorl 
rrt10 ~~i.se~oti~e~tr~ic t)ie~r~.s~o~~~tire~ti~ it1 I .(III-  (11rr1 /~r~.s~i~ro~i:c~(/ trrilk. 

I N'l-ROI)U('TION 

h.lilk clotting erlzyti1c.s are primary agents in 
tlie ~ii;i~iul'r~cture of clieest. l'lie ev:iluation of 
the clotting po\ve~. 01' such enzymes hiis 
al\vays been a pal'itlneter of great i~iiportance 
from tlie scielltilic, tecl~1~0logici11 i~nd  COIII- 

~nercial vie\\~points. Berridge's method' has 
often bee11 i~scd to tietermine the strength 
ofcoi~guliint enzymes, but there are prohle~ns 
of obszr\ii~ig ucci~ri\t~'I)' the entipoint of coag- 
ulation. Ilifferent met l io~is hiive been used to 
determine the milk clotting time based 
on electrical conducti\'ity', ther~nal con- 
duct ivi~~,""  ref~.actometry~ and viscosity." 
Viscometric nietliods i ~ r e  popular for study- 
ing ille coagulation process in milk and, 
among the viscometers aviiil:~ble in tlie 
market, the co;ixi;il cylintier viscomcters 
working in oscillating moJe are iihle to fol- 
low rennet coagitlii~ion \vithout damaging the 
gel s t ruc t i~re .~  Iio\\v\~er,  they can be replaced 
l)y roti~tional coaxial cb.linder or  capillary 
viscometers for st\r~i);ing t11e initii~l phase of 
tlie milk cot~gi~lation p~.ocess. Even if the 
viscometric ~nttliod Joes not give the same 
res111ts its tlie rio~l-destri~ctive rlieologici~l 
metllods, i t  ciin be used to c o ~ i i ~ x ~ r c r e n n e t  
coiigi~liition i n  relation to technological t~,eal- 
nients or other vuri:thlrs. such as LII content. 
pl 1 i ~nd  t).11cof cnzy~iie.' 

MAI-ERIALS A N D  METHODS 
Milk 
Thirty-two bulk milk samples were studied 
f~.om a homogeneous experimental goat herd 
of Consejeria de Ganaderia, Agricultura y 
Pesca de la Regi6n de Murcia. The chemical 
composition was determined by a near 
infrared system (hlilko-Scan 133-8, Foss 
Electric, Denmark). 

I'asteorizatian process 
Two pasteurization treatments, low tempera- 
ture lo~ig time (LTLT) and high temperature 
short time (HTST): \\)ere carried out. in the 
LTLT process the milk was immersed in a 
water bath at 67OC; when the milk reached 
65°C it was held for 30 min and then quickly 
refrigerated in an ice bath. The HTST treat- 
ment was carried out in a laboratory tubular 
heat exchanger of stainless steel. 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 
held for 15 s. The holding time was calculated 
by considering the volume of the heat 
exchicnger and the flow from the peristaltic 
pump. As it1 the LTLT process, the milk was 
~.efrigerated by immersion in an ice bath after 
~ l i c  heat treatment. These syste~ns exactly 
I-tproduced inrlustrinl conditions. 

O r i g i ~ x i I  p i ~ p c r .  111 tliis \r;ork. 111~' ~t?jt'cti\*e \ V ~ I S  to s1\1dy 
* . - \ I I I ~ I O I .  li)r , ibcc,si[y challgcs dlll.illg 1 t i c  cI,zY III ; I t ,c  cOiIg- h lilk clottirlg tinle tfetcr1llination 

C O ~ I ~ ~ . S ~ ~ O I I ~ ~ ~ I I L ‘ C ‘ .  l l l ; , t ic , l l  (,I. i l l , t l  I~~~~ ,,.,.; l t c t i  h l  ul .ci ; lnc,  . I ' I~clkr~-idge method \\,as ilsed, as described 
c-111'1il: I ~ I ~ ~ C ~ C I I ~ ~ ~ ~ I ~ L I . ~ I I I I . L ' ~  ( ; ~ . i ~ ~ i ; ~ ~ l i r i i ~  poiit ~ ~ i i l k .  I>y [l i t  Irltc~.national Dairy 1:eder;ition.l Spr:iy 
L ,  IOOV S , ) C I C I V  01' tl~.ied ski111 milk poude1. (Cli Ilansen, CHL 
1);iil .y ' I ' c c ~ I I I O ~ ~ ~ ~ ~  laacti~. hdiidrid, Sl>;~in J is reconstituted in 12% 
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TABLE 1 
Rennet and coagulant enzymes studied 

Enzynles 

15% chymosin 
50% chymosin 
96% chymosin 
Kid rennet paste 
Recombinant chymosin ( A  niger) 
Recombinant chymosin ( E  coli) 
Recombinant chymosin (R  lactis) 

M rniehei labil 
M t~liehei extrathermolabile 
M miehei 

Strength 
(Soxhlet units) 

CHL-Lacta SL (Madrid) 
PROINALSA (Barcelona) 
PROINALSA (Barcelona) 
Caglificio Clerici Spa (Cadorago) 
CHL-Lacta SL (Madrid) 
Caglificio Clerici Spa (Cadorago) 
Caglificio Clerici Spa (Cadorago) 
Novo Nordisk Bioindustrial (Madrid) 
Novo Nordisk Bioindustrial (Madrid) 
CHL-Lacta SL (Madrid) 

calcium chloride solution. A known volun~e 
of milk clotting enzyme solution is mixed 
with a known amount of stirred substrate. 
Simultaneously, a stopwatch is activated and 
when the first flocculation is observed on the 
wall of the flask, the clotting time is noted on 
the stopwatch. 

Raw and thermally treated Murciano- 
Granadina goat milk was tempered at 32OC, 
instead of the 30°C recommended by IDF, 
because it is the temperature used by cheese- 
makers in Murcia. The different coagulant 
enzymes (Table 1) were diluted in distilled 
water to get a concentration which produced 
a common coagulation time of 6 min. The 
milk clotting time was repeated in all the sam- 
ples analysed at least three times in order to 
get a difference between the tirnes deterniined 
of no more than 15 s. 

Viscosity measurements 
Viscosity was measured in an LV8 cylindrical 
rotational viscometer based on the Searle prin- 
ciple (Brookfield UK Ltd). provided with an 
adapter for small samples. The coagulation 
temperature was kept at 31°C throughout the 
process and the adapter was cleaned with a 
solution of Triton X-100 and rinsed with dis- 
tilled water before being filled with 20 n ~ l  of 
milk. Two ml of the enzyme solution was 
added to the milk and carefully mixed. The 
viscosity (3) was determined every 10 s from 
the enzyme addition until the viscosity reached 
its maximum value (the limit set by the type of 
cylinder and the shear rate used). The parame- 
ters considered were initial viscosity (mPa). per 

cent viscosity decrease after the addition of the 
enzyme, milk clotting time determined by vis- 
cosimetric method and viscosity increase at 
milk clotting time. The measuring instruments, 
rotor and adapter were kept in a detergent 
solution between measurements. 

All the measurements were repeated at 
least three times. 

RESULTS AND DISCUSSION 

Effect of different shear rates 
In order to establish the experimental condi- 
tions, the effect of different shear ratcs and 
enzyme concentrations on the coagulation 
time obtained by Berridge's method was 
studied. For this set of tests, reconstituted 
skimmed milk at 12"/:, \\?as used along with a 
standard rennet \vith 6011/;1 chyn~osin with a 
strength of 1:15000 provided by Proinalsa 
(Barcelona). The milk clotting times (Tc) cal- 
culated by the viscosimetric method9 consid- 
ering different shear rates and enzyme 
concentrations are shown in Table 2. In 
this table, an initial decrease in viscosity is 
observed which agreed with the results found 
in the literature.''-" 

There were no significant differences (p < 
.05) between coagulation times when different 
shear rates were used at the following enzyme 
concentrations: 0.02. 0.12 and 0.25 m1/100 ml. 
These results agreed with those published by 
Walstra and van ~ l i e t . "  who observed no 
significant differences in the effect of enzyme 
concentrations 0.125 and 0.250 m1/100 ml 
when applying different shear rates. However, 
\vhen a higher enzyme concentration was 

TABLE 2 
Effect of different shear rates and enzyme concentrations on the viscosity changes and clottinz times in reconstituted skimmed milk (n = 10) 

Concentration o f  solution 0??1/100 tr11 nrilk) 

/0.02] /a. 121 /0.25/  .- 
(0.50 J 

' lo  Decreuse Tc T o  Decrease Tc ' l l ~  Dc,cri.orr Tc ?,> Decrensc Tc 
Shear rate (mPa)  (%I (s) (ttrPa) 1%)  (7) ( n ~ P u )  ('%I (s l  (nrPn) (%) (s) 

Means with different st~pcrscripts were statistically different p < .US. 
710 = initial viscosity; decrease = decreasc after addition of enzymc; Tc = milk clottil~g time dcterrnined by viscosirnetric mcthod. 
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TABLE 3 
Composition of Murciano-Granadina goat milk 

- 

:.oaf Far Prorein Lactose Torn1 soliris 
snmples (%) (%) f %) f %) PH 

Mean 32 4.87 3.21 4.37 12.82 6.72 
SD 32 0.63 0.24 0.17 0.92 0.13 
Maximum 32 5.98 3.52 4.75 14.39 7.01 
Minimum 32 3.83 2.83 4.00 11.29 6.55 

used (0.50 m1/100 ml) a significant difference 
(p < .05) was observed at the higher shear 
rate. Dejmekt4 reported a similar effect and 
also noticed a decrease in the coagulation 
time. At the highest shear rate used, the initial 
decrease in viscosity was lower and in some of 
the samples absent. This behaviour reflected a 
lack of sensitivity at this higher shear rate, for 
which reason the intermediate shear rate 
(14.68 s-I) was used in further work. 

Goat milk composition 
The mean values and standard deviations for 
the chemical compositions of 32 samples of 
bulk milk are shown in Table 3. The fat con- 
tent was lower than the earlier values described 
in this breed by Falagan et al,ls but similar to 
those obtained by Marqu6s.l6 Com ared with 
Black Bengal goats from India," a lower 
fat and protein content was observed in 
Murciano-Granadina goat milk. However, the 
fat and protein contents were higher than 
those of some Alpine and Sannen breeds.18.'" 
These differences reflect genetic selection as 
well as the climatic and feed conditions. 

Changes in viscosity during renneting 
Viscosity changes during coagulation were 
studied using 10 enzymes in raw and heat 
treated milk (Table 4). After the enzyme addi- 
tion a viscosity decrease was observed that 
did not coincide \vith the results in reconsti- 

tuted milk published- in Korolczuk and 
Maubois7 using a Rheomat 30 cylindrical 
coaxial viscometer. In their experience, more 
bonds were created than destroyed in the ini- 
tial phase, and this was reflected in increased 
viscosity and higher average micelle weight. 
However, our results coincided with those 
published by Sharma et al," who observed 
decreased viscosity during the initial phase of 
the coagulation process caused by K-casein 
hydrolysis, which produces a diminution of 
the micelle diameter as a result of casein- 
macropeptide release. 

The type of milk clotting enzyme used had 
a significant effect (p < .001) on the initial vis- 
cosity decrease.- In raw milk the viscosity fell 
at the beginning of the process at an average 
of 22.3% in raw goat milk. From our results, 
the maximum decrease (33%) corresponded 
to the bovine rennet containing 50% chy- 
mosin, while the smallest decrease (13%) was 
observed with kid rennet Daste and rennet 
containing 15% chymosin. The thermal treat- 
ment had an influence on this initial decrease 
but with a lower significance level (p < .05); 
note that the average falls in heat treated 
milks were similar (17-19%) and slightly 
below the values observed in raw milk (22%). 
The HTST pasteurized milk showed an aver- 
age fall in viscosity of 19.3%, ranging from 
the 30% obtained with microbial enzyme 
derived from .\4ucor. rnichei to the 7% 
obtained with rennet containing 15% chy- 
mosin, while LTLT pasteurized milk showed 
an average fall of 16.8% (25% with M miellei, 
12% with the rennet containing 15% chy- 
mosin and 7% writh the thermolabile coagu- 
lant enzyme from M mielzei). 

This initial decrease in viscosity is due, 
according to Guthy and ~ o v a k , ~ '  to the loss 
of the hairy coat micellar, a viewpoint shared 

TABLE 4 
Effects of treatment on niscosity and clotting time of goat milk (means) 

Test paranleters 

Treatment effect Level No Decrease Tc N/No Tb Tc/Tb 

Coagulant Rennet (1 5%) 2.29 10.67 321.67 2.66 368.33 0.87 
Rennet (50%) 2.68 26.33 270.67 2.50 303.33 0.89 
Rennet (96%) 2.32 18.00 319.67 2.69 371.00 0.86 
Kid rennet paste 2.08 12.00 235.00 3.47 267.00 0.88 
Chymosin (Aspergillus niger) 1.94 16.67 244.33 3.79 274.68 0.89 
Chymosin (Esclrericlria coli) 2.37 23.00 505.67 2.53 588.33 0.86 
Chymosin (Kl~cy\.eromyces lactis) 2.41 19.00 379.33 2.45 427.33 0.88 
M miellei (labile) 2.48 18.00 209.67 4.24 240.33 0.87 
M miellei thennolabile 2.50 22.67 303.00 2.32 338.00 0.89 
M miellei 2.54 28.33 243.00 2.10 249.68 0.97 

SED 0.096 3.229 19.252 0.384 19.00 0.039 
Heat treatment None 2.35 22.30 262.30 2.89 306.70 0.86 

HTST 2.35 19.30 300.50 2.83 343.90 0.88 
LTLT 2.39 16.80 346.80 2.90 377.80 0.92 

SED 0.053 1.769 10.545 0.210 10.407 0.021 
Significance of treatment effect 
Coagulant *** *** *** *** *** 

* *** 
NS 

Neat treatment NS a** NS * 

*p < .05; ***p < .001; NS = not significant; F-ratio test. 
TC = milk clotting time determined by the viscosimstric method, Tb = by the Berridge method; NMo = viscosity increase at  milk clotting time; 
Tc/Tb = relation between Tc and Tb; SED = standard error of difference of means. 



by van Hooydonk et al,I2 who observed a 
30% viscosity decrease, while Scott Blair and 
Oosthuizen," using sodium caseinate, men- 
tioned a 7% decrease and Sharma EI ul'l 
calculated this decrease as 5.82-9.1%. This 
decrease corresponds to the total amount of 
K-casein hydrolysed and is proportional to 
the amount of casein macropeptide released. 
The mean values for the viscosity decrease in 
raw Murciano-Granadina goat milk are close 
to the value mentioned by Hooydonk er ul," 
and the slightly lower viscosity decrease 
found in pasteurized milk can be explained 
taking into account that the amount of 
K-casein hydrolysed depends on the heat 
treatment, since such treatment produces a 
temperature-time related association of the 
K-casein and ~ - 1 a ~ t o ~ l o b u l i n . ~ ~  Hindle and 
Whee l~ck '~  concluded that in heated milk the 
reduction in the release of casein-macropep- 
tide was, for the most part, due to the incom- 
plete conversion of the carbohydrate free 
K-casein molecules. 

After this initial stage the viscosity gradu- 
ally increases (Fig. 1) to pass its initial value. 
Although the micelles become hydrodynami- 
cally smaller, the short range repulsive barri- 
ers decrease and the Van der Waals attraction 
between the micelles enables the gel to form8; 
the depth of the attraction between micelles is 
correlated to the degree of K-casein hydroly- 
sis. The milk clotting time has been deter- 
mined by viscometric methods considering 
different parameters, such as the time in 
which the viscosity reached the initial valuez3, 
or the time in which the viscosity had 
increased 2.6 times its initial value.24 In a pre- 
vious experiment1' with reconstituted milk, 
the milk clotting time was defined as the time 
in which the viscosity increased 2.3 times its 
initial value. I11 this study with goat milk a 
larger increase (2.83-2.89) was observed and 
the explanation may be found in the different 
physicochemical compositions of both milks 
especially as far as  fat content is concerned. 
For this parameter the effect of thermal treat- 
ment is not significant. 

Related to milk clotting time, heat treat- 
ment and coagulant had a significant influence 
(p < .001) as determined by the viscometric 
and Berridge methods. Higher values in 
heated milks (300 and 346 s) compared to raw 
milk (262 s) were observed. This increase was 
also observed in the publications consult- 
ed.?s-27 The explanation of this behaviour is 

the destabilization of the mineral equilibrium 
and the crosslinks formed between K-casein 
and P-lactoglobulin that hinder attack by the 
milk coagulant enzyme. Since all the enzymes 
studied are diluted to obtain a theoretical 
coagulation time of 6 minutes, it is possible to 
select the most suitable rennet and coagulant . 

enzymes for use with goat milk. From the 
results in Table 4 it can be observed that the 
lowest clotting time (with both methods) was 
obtained using microbial coagulant (thermola- 
bile) from M i?iiel~ei labile and kid rennet 
paste; the latter contains approximately 35% 
chymosin according to studies by   ass era.^' 
The kid rennet paste had a similar clotting 
time to that obtained with the recombinant 
enzyme from A.spergillus niger (chymosin B); 
these enzymes were followed by rennet 
wit11 an intermediate chymosin concentration 
(50'Y"). The highest values corresponded lo the 
enzymes extracted from Escher.icl?in coli (chy- 
mosin A) and K I ~ ~ ~ ~ e r o n i ~ ~ c e s  luctis (chymosin 
B). Although the microbial coagulants have a 
faster milk clotting time, curd firmness is not 
good compared with that produced by animal - 
rennets. In conclusion. the most suitable 
rennets are those with an intermediate concen- 
tration of chymosin and kid rennet paste, 
although more cheesemaking experiments are 
necessary in order to confirm these results. 

Applying the Pearson correlation, a signif- 
icant (p < .05) correlation was found between 
the milk clotting times determined by the 
Berridge and viscosimetric methods. This cor- 
relation was lower in LTLT milk (r = .954) 
compared with raw (r = .992) and HTST milk 
(r = .994). In all cases. the milk clotting times 
determined by viscometric measurements are 
lower than the Berridge times: the viscometric 
time was 0.86 the Berridge time in raw milk, 
and similar values Kere registered in HTST 
and LTLT milk (0.57-0.92), which demon- 
strates that the thennal treatment had little 
significance. 
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