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Abstract — Prematuration of cheesemilk involves the addition of cultures of lactic acid bacteria to
milk and incubation at temperatures ranging from 8 t68@&or periods up to 24 h, without extensive
acidification. Prematuration temperature, individually or in combination with starter type or time,
had a significant effect on pH, rennet clotting time (RCT) and the concentration of free amino acids in
milk. However, no major differences were evident between the 2% TCA-insoluble or -soluble frac-
tions of prematured milk as seen by urea-PAGE or by RP-HPLC, respectively. Prematuration starters
had little effect on the growth of mesophilic or thermophilic cheesemaking starters or on the rate at
which pH decreased during incubation. Furthermore, they did not effect the growth of typical indige-
nous microflora. Although RCT decreased with decreasing pH, results show that the slight decrease
in pH which normally occurs during prematuration would resultin only a small decrease in RCT. Lit-
tle difference was evident between chemically (i.e., 4% lactic acid) and biologically (i.e.,
prematuration) acidified samples with regard to RCT, indicating that any decrease in RCT observed
in this study was caused by the effect of pH alone and not by any biological effect of prematuration.

prematuration / milk / lactic acid bacteria / proteolysis / rennet coagulation time

Résumé— Effet des conditions de prématuration sur les propriétés protéolytiques et rhéologi-

ques du lait de fabrication. La prématuration du lait de fabrication implique I'addition de cultures

de bactéries lactiques au lait et I'incubation a des températures al8rit i6°C pendant des temps
allantjusqu’a 24 h, sans acidification importante. La température de prématuration, seule ou en com-
binaison avec le type de levain ou le temps, a un effet significatif sur le pH, le temps de prise a la pré-
sure et la concentration en acides aminés libres dans le lait. Cependant, aucune différence majeure
n’était évidente entre les fractions insoluble ou soluble dans le TCA a 12 % du lait prématuré comme
montré par électrophorese urée-PAGE et chromatographie RP-HPLC, respectivement. Les levains de
prématuration avaient peu d’effet sur la croissance des levains de fromagerie mésophiles ou thermo-
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philes, ou sur la vitesse a laquelle le pH diminuait au cours de I'incubation. De plus, ils n’affectaient
pas la croissance de la microflore sauvage typique. Bien que le temps de prise diminuait quand le pH
baissait, les résultats ont montré que la légére baisse du pH qui a lieu normalement durant la prématu-
ration devrait produire seulement une petite diminution du temps de prise. Peu de différences appa-
raissaient entre les échantillons acidifiés chimiquement (i.e., 4 % d'acide lactique) ou
biologiquement (i.e., prématuration) en ce qui concerne le temps de prise, indiquant que toute dimi-
nution du temps de prise observé dans cette étude était di a I'effet du pH seul et non a un effet biolo-
gique de la prématuration.

prématuration / lait / bactérie lactique / protéolyse / temps de prise a la présure

1. INTRODUCTION milk generally decreases by 0.1 units and
coagulation time is shorter [1, 11]. Alterna-
tively, milk is acidified to ~pH 4.3 by the

Acidification of milk, and subsequently prematuration starter before a small pro-

curd, is the first biochemical phenomenonportion (1-3%) is blended back into the
of the transformation of milk into cheese. bulk milk.

Acidification is due to the metabolic activ- Relatively few studies have investigated
ity of lactic acid bacteria in lactose fermen'changes in milk during prematuration or

tation, which results in the formation of 6 jnfluence of prematuration on the qual-
lactic acid and production of energy necesyy ot the resultant cheese. Hence, there ap-
sary for their growth. Lactic acid bacteria pear to be few references in the literature
have been used for their acidifying activity ¢oncerning the influence of prematuration
and their antagonistic properties againsp, the hiochemistry of cheese. Bonassi [6]
other microflora (strongly proteolytic bac- 5 ng that cheese manufactured from
teria, spoilage organisms and some pathsematured milk had poorer body, texture
gens), and have been shown to play &nq colourthan control cheese although fla-
significant role during ripening of cheese, o+ scores were similar for both cheeses.
[4, 10, 13]. Bianchi Salvatori [3, 4] reported that acidi-
Prematuration of cheesemilk, using fica;ion dir(_acts the rheolpgical processes of
lactic starter culture or the indigenous floralactic  acid  coagulation,  influencing
of the milk, is a common practice in the SYNeresis, proteolysis and body character-
manufacture of many soft (e.g., Camem-StiCs.
bert) and some hard cheese varieties (e.g., Lactic acid bacteria may have several
Grana). Prematuration of milk prior to soft potential roles to play during prema-
cheese manufacture has been practiced iration, including (1) slow acidification
France for many years. Even with theof milk which may assist curd formation
increased use of pasteurisation, milk is stillduring cheesemaking and improve the
prematured with mesophilic or thermo- properties of the resultant rennet coagulum,
philic lactic acid bacteria. Typically, (2) control the growth of adventitious mi-
prematuration involves the addition of lac- croorganisms in the milk and/or (3) stimu-
tic acid bacteria (single or mixed strain cul-lation of the growth of the cheesemaking
tures) to milk and incubation at starter by increasing the level of available
temperatures ranging from 8 to 26 for peptides/free amino acids. Experiments
periods up to 24 h, without extensive acidi-performed during the course of this study
fication. During this time, the pH of the were designed to determine the precise role
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of the prematuration starter and the effect offable |. Description of prematuration condi-
the prematuration process on thetions (i.e., prematuration starter, time and tem-
proteolytic and rheological properties ofperature) under which samples 1-8 were

milk. incubated.
Sample Description of treatment
2. MATERIALS AND METHODS 1 culture A at 10C for 11 h
2 culture A at 18C for 11 h
3 culture A at 10C for 17 h
2.1. Cultures 4 culture A at 18C for 17 h
5 culture B at 10C for 11 h
Four cultures for prematuration (coded 673 gﬂ::ﬂ;g g 2: igg g i% E
A, B, CandD forthe purposes of thisstudy) g culture B at 166 for 17 h

were supplied by SOREDAB (La
Tremblaye, Paris, France). They were un-
defined mixed strain mesophilic lactic acid
cultures that are used commercially inSect. 2.6.) and the insoluble and soluble
France for prematuration prior to fractions were analysed by urea-PAGE (see
cheesemaking. The cultures were stored &iect. 2.7.) and RP-HPLC (see Sect. 2.8.),
—80°C and were initially propagated respectively. The concentrations of individ-
(0.002%, v/v) in 10% (w/v) reconstituted ual free amino acids in 12% TCA-soluble
low-low heat skim milk powder (LLHSM; fractions from the prematured samples
INRA-LTRL, Rennes, France) [14] at were determined. The coagulation proper-
22°C x 15 h for all experiments. ties of the prematured samples were studied
Mixed strain  mesophilic  and by recording rennet coagulation times
thermophilic cultures (one of each), that ard(RCT; see Sect. 2.4.). The experiment was
used in France as commercial cheese- maierformed in duplicate. The results were
ing starters, were supplied by SOREDARBSUbjected to analysis of variance (ANOVA)

and were maintained at —8@ until re- accordingo a 3 fctorx 2 level (Z) facto-
quired. rial in a complete block design which al-

lowed the main effects of trial and each of
the three factors as well as the two- and

2.2. Experimental conditions three-way interactive effects of these fac-
tors to be determined. Analyses were per-
2.2.1. Individual and/or combined formed using the SPSS statistical package
eﬂ‘ect(s) of prematuration (SPSS Inc., Chicago, lllinois 60606, USA)
starter and time and
temperature of prematuration 2.2.2. Effect of pasteurisation
on the biochemical and on prematuration starter cell
rheological properties of milk numbers

Aliquots of LLHSM (10%, w/v), which Milk  (9.1%, w/w, LLHSM) was
had been tempered at 10 or4®, were in- prematured under extreme conditions (i.e.,
oculated with culture A or B (0.4%, v/v) 18°C x 24 h)with starter A, B, C or D. After
and incubated under experimental condiprematuration, the milk was pasteurised at
tions described in Table I. The prematuredr2 °C x 15 s. Samples were taken before
milk sampleswerethenheldonicefodh  and after prematuration and after pasteuris-
while they were being analysed. Samplestion for total bacterial counts. The experi-
were fractionated with 4% TCA (see ment was performed in duplicate.
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2.2.3. Effect of prematuration estimate total bacterial count. The experi-
on the growth of the indigenous ment was performed in duplicate.
microflora of raw milk

2.2.5. Effects of biological

Raw milk (Dairygold-CMP, Cork, Ire- or chemical acidification
land) was prematured without (control) or on the rheological properties
with prematuration cultures B or C at 22 of milk

for 24 h. Changes in pH were monitored

during the incubation period. Sampleswere  Samples of LLHSM (9.1%, w/w) were

taken at intervals, under aseptic conditionsprematured - without (one control and

and analysed for various types of indige-3 samples) or with prematuration starter

nous bacteria (see Sect. 2.3.). The experultures, A, Bor C (0.4%, v/v, inoculum) at

ment was performed in duplicate. 12°C for 16 h. The samples were then pas-
teurised at 72C x 15 s and allowed to cool
to room temperature. The pH of each of the

2.2.4. Effect of prematuration 3 samples (i.e., those incubated without
on the growth of cheesemaking  starter culture) was adjusted to that of each
starters of the prematured samples (i.e., A, B or C)

using ~4% lactic acid, allowed to stand for

Milk (9.1%, w/w, LLHSM; autoclaved approx. 20 min and the pH re-adjusted, if
at 115°C x 10 min) was prematured with- necessary. The time taken for rennet to co-
out (control) or with starter culture A, B, C agulate each of the milk samples (i.e., con-
or D at 12°C for 24 h. The prematured sam- trol, biologically- and chemically-acidified
ples were then pasteurised (2 x15 s) samples) was determined according to the
and inoculated with either a mixed-strainmethod outlined in Section 2.4. The experi-
mesophilic or thermophilic cheesemakingment was repeated using cultures A and B
starter atalevel of 0.025 -U-1or 1% (v/v), or lactic acid as acidulant and the rheologi-
respectively. One unit (U) is the amount ofcal properties of rennet gels prepared from
starter cells which cause a decrease of ahese samples were measured, as described
least 0.8 pH units of milk aftes h at 35°C.  in Section 2.5.
The samples were then incubated accord-
ing to either a mesophilic or thermophilic 2 3. Bacteriological analysis
temperature gradient, as outlined in Ta-
ble Il. These temperature gradients are sim- Total bacterial count was enumerated on
ilar to those used during industrial LM17 agar after incubation at 38C for
cheesemaking. Samples were taken, undé& days; lactobacilli were enumerated on
aseptic conditions, before and after pasteurRogosa agar (Oxoid) after incubation at
isation and at intervals during the incuba-30°C for 5 days; coliforms were enumer-
tion period to measure changes in pH anagted on Violet Red Bile Agar (VRBA)

Table 1l. Temperature profiles of mesophilic and thermophilic cheesemaking processes.

Mesophilic process Thermophilic process
Time (h) TemperatureC) Time (h) Temperature€Q)
0.0 33 0.0 42
2.0 32 1.0 30
14.5 24 18.0 18

24.0 19
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(Oxoid) after incubation at 38C for 24 h; continuously. The experiment was per-

enterococci were enumerated on Kanamyciformed in duplicate.

Aesculin Agar (KAA) (Oxoid) after incu-

bation at 37C for 2-3 days; staphylococci  2.6. Nitrogen fractionation

were enumerated on Baird Parker Agar

Base (Oxoid) after incubation at 3T for 2 or 12% trichloroacetic acid (TCA)-sol-

1-2 days; pseudomonads were enumeratesble and -insoluble fractions were prepared

on Pseudomonas Agar Base (Oxoid) afteby mixing equal volumes of sample with 4

incubation at 30C for 2 days. or 24% TCA-solution and standing them at

room temperature for 1 h, with occasional
2.4. Rennet coagulation time (RCT)  stirring. The mixtures were then filtered
through Whatman No. 541 filter paper. 2%

RCT was determined according to aTCA-soluble fractions were centrifuged at

modification of the IDF method [8], out- 10 000g x 30 min, filtered through 0.4fm

lined as follows. Prematured milk samplecellulose acetate filters and analysed by

(2 mL aliquots) was pipetted into a HPLC while the insoluble fractions were

screw-capped test tube and mixed withfreeze-dried and analysed by urea-

20 L of 1 N CaCl, before it was tempered polyacrylamide gel electrophoresis (urea-

at 30°C for 1 h. Rennet (520 mg%; sup- PAGE). The concentration of individual

plied by SOREDAB, La Tremblaye, Paris, free amino acids was determined in the

France), diluted 1:250 (v/v) with distilled 12% TCA-soluble fractions.

water, was added (2Qf.) and the test tube

was inverted twice before being placed in 2.7, Urea-polyacrylamide gel

an oscillating renneting bath heated to electrophoresis (urea-PAGE)

30°C. The time taken for the milk sample

to coagulate was recorded. Each determina- Urea-PAGE (12.5% C, 4% T, pH 8.9) of

tion was performed in triplicate. 2% TCA-insoluble fractions was per-
formed using a Protean Il xi vertical
2.5. Rheological properties slab-gel unit (Bio-Rad Laboratories Ltd.,

Watford, UK) according to the method of

The development of gel strength andAndrews [2], with modifications. The gels
structure was measured using a controllesvere stained directly by the method of
strain rate Carri-Med CL3100 rheometer Blakesley and Boezi [5] with Coomassie
(TA Instruments, Surrey, England) in the Brilliant Blue G250.
dynamic mode. The C25 concentric cylin-
der measuring system was used, which con- 2.8. Reversed phase high
sisted of a fixed bob and rotating cup. performance liquid
Prematured milk samples (10.8 mL) were chromatography (RP-HPLC)
tempered at 32C for 1 h. Rennet
(520 mgL™Y, diluted 1:40 with distilled 2% TCA-soluble fractions were ana-
water, was then added to each sample (1%ysed by RP-HPLC using an automated
vIv), stirred several times with a glass rodShimadzu system (Shimadzu Corp., Kyoto,
and poured into the rheometer cup. Paraffidapan), incorporating an LC-9A solvent de-
oil (BDH, Poole, Dorset, UK) was added to livery system with an FCV-9AL flow con-
the surface of the rheometer cup to avoidrol valve, a DGU-2A degassing unitand an
evaporation. The run began exactly 60 s afSIL-9A autoinjector. Wide-pore Nucleosil
ter addition of rennet and lasted 90 min,Cg (5 um particles, 300 A pore size) guard
during which time G’ (storage modulus), (4.6 mm x 4.5 cm) and analytical (4.6 mm
G” (loss modulus) and t&rwere measured x 25 cm) columns (Capital HPLC Ltd.,
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Broxburn, West Lothian, UK) were used nificant effect on the pH of milk at the end
and detection was by means of an SPD-6/0f prematuration (Fig. 1a). The pH of milk
spectrophotometric detector (Shimadzu) aprematured at 18C x 17 h with either cul-
214 nm. The system was interfaced with aure A or B (Fig. 1a, sample 4 or 8) was con-
personal computer using Varian Star Work-siderably lower than the pH of the other
shop software (Varian Associates Inc., Wal-samples (Fig. 1a). The RCTs of milks
nut Creek, CA, USA). The chromatographicprematured using culture B (Fig. 1b, sam-
conditions were: solvent A — 0.1% ples 4-8) were shorter than those of sam-
trifluoroacetic acid (v/v, TFA, sequential ples incubated at similar temperatuxe
grade, Sigma, St. Louis, MO, USA) in time regimes but prematured using culture
deionized, HPLC-grade watesplvent B- A (Fig. 1b, samples 1-4). Temperature,
0.1% TFA (v/v) in acetonitrile (HPLC alone orin combination with time, also had
grade, Rathburn Chemicals Ltd., Walkerburna significant p < 0.01) influence on RCT
Scotland). Samples (4 nmgL1) were dis- (Fig. 1b). These results demonstrate that
solved in solvent A and filtered through the choice of incubation conditions as well
0.45um cellulose acetate filters (Sartoriusas the prematuration starter will dictate
GmbH, Gottingen, Germany). Filtrate changes in pH and RCT that occur during
(20 pL) was applied to the column and prematuration.
eluted ata flow rate of 0.75 minin-* using Significant differences were found be-
the following gradient: 100% A for 5 min tween the control and prematured milk
followed by a gradient from 0 to 50% B samples with regard to the concentration of
over 55 min, elution at 50% B for 6 min, a at least some of the free amino acids in milk
further gradient from 50 to 60% B over (Fig. 2). Differences in the level of individ-
4 minand finally 60% solvent Bfor3min.  yal amino acids were also evident between
the various prematured milk samples
2.9. Free amino acid analysis (Fig. 2), indicating that the conditions un-
derwhich milk is prematured will influence
Concentrations of individual free amino changes in the free amino acid content of
acids were determined using a Beckmarithe milk. However, urea-PAGE of the 2%
model 6300 Amino Acid Analyser (Beckman TCA-insoluble fractions of the milks indi-
Instruments Ltd., High Wycombe, UK) cated little hydrolysis of eitheos;- or -
equipped with a Beckman model P-Ncasein in any of the samples during
338052 Na cation exchange column prematuration (results not shown). Further-
(12 cmx 0.4 cm), as described by Fenelonmore, no differences were evident from the
et al. [9]. RP-HPLC peptide profile of the 2%
TCA-soluble fractions of the control milk
(i.e., that without starter) and any of the

3. RESULTS AND DISCUSSION milk samples containing the prematuration

starters under the experimental conditions

3.1. Individual and/or combined used in this study (results not shown). Re-
effect(s) of prematuration sults show that the conditions under which
starter and time and milk is prematured will influence at least
temperature of prematuration some of the biochemical and rheological

on the biochemical and properties of the prematured milk. The bio-
rheological properties of milk chemical changes which occur during

prematuration appear relatively subtle (i.e.,

As expected, temperature, individuallychanges in the levels of individual free
(p < 0.01) or in combination with starter amino acids) and so may not be determined
type (0<0.05) ortime p<0.01), had asig- using methods which measure differences
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Figure 1. pH (a) and rennet coagulation time (b) of milks incubated under various conditions of
prematuration starter type, time and/or temperature (see Tab. | for description of samples 1-8). Re-
sults represent means of duplicates.

at the protein or peptide level, such asmilk by between ~0.3 and 0.5 pH units
urea-PAGE and RP-HPLC, respectively. during prematuration under extreme condi-
tions, i.e., 1&8C x 24 h (Tab. Ill). Pasteuris-

3.2. Effect of pasteurisation ation reduced total bacterial count in all
on prematuration starter cell of the prematured milk samples to
numbers < 10 cfumL-1(Tab. Ill). These results sug-

gest that the prematuration starter will not
Prematuration starters grew by betweersurvive pasteurisation and, consequently,
2 and 3 log cycles and reduced the pH ofwill not interfere with the activity of the
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Figure 2. Free amino acid profiles of 12% TCA-soluble fractions from control and milk samples
prematured under various conditions (see Tab. | for a description of samples 1-8). Results represent
means of duplicates.

Table Ill. Effect of pasteurization (72 x 15 s) on starter cell numbers after incubation under ex-
treme prematuration conditions (48 for 24 h).

Starter type pHatOh pH at 24 h | Il Il
A 6.556_+0.001 6.278 +0.011 3.22x10 5.95x 10/ <10
B 6.556+0.002  6.096+0.018 2.83x 10° 2.77x 1C° <10
C 6.556+0.000 6.156+0.017 2.53x 10° 3.80x 10’ <10
D 6.556_+0.001 6.124 +0.037 5.92x 10°  4.74x 1C° <10

Results represent mean of duplicates starter cell numbers (cfimL™) at the start of the incubation period;
Il = starter cell numbers (cfmL™Y) in the prematured milk samples (i.e., 48 x 24 h); Il = starter cell num-
bers (cfumL™) in the prematured milk samples after pasteurizatio®C72 15 s).

starter during cheesemaking. However, novalue of 6.347 or 6.563 at the end of
comments can be made regarding the suprematuration (Fig. 3). The pH of the con-
vival of the enzymes of prematuration start-trol (i.e., without prematuration starter) de-
ers and any effect their activity may have oncreased only slightly during the later stages
the properties of the prematured milk. of incubation, having a pH of 6.626 at the

end of prematuration (Fig. 3). As was ex-

pected, the initial total bacterial counts

3.3. Effect of prematuration were higher in the milk samples
on the growth of the indigenous  prematured with cultures B or C (2.36
microflora of raw milk 10° and 2.15x 1(P cfu-mLL, respectively)

than in the control (3.46 10* cfu-mL™)
Prematuration starter activity at PZ and increased in all three samples during
reduced the pH of milk prematured usingprematuration reaching levels of 5.80.0
culture B or C by approximately 0.41 or (culture B), 5.38x 10’ (culture C) and
0.20 pH units, respectively, reaching a pH4.85x% 10" cfu-mL-1(control), respectively
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The ability of pasteurisation to reduce cell
numbers obviously depends on the type of
prematuration starter present in the milk

6.8 and on the conditions under which it grows.
The prematured samples were then inocu-
% 66 lated with either a mixed-strain mesophilic

or thermophilic cheesemaking starter and
incubated according to either a mesophilic
or thermophilic temperature gradient, as
. outlined in Table Il. These temperature gra-
“o : 1 e 20 25 dients are similar to those used during in-
Time (min) dustrial cheesemaking. The rate of growth

of mesophilic or thermophilic cheesemaking
Figure 3. Changes in pH of control) and starters was similar in all samples (results

samples prematured with culture RY'or ¢~ NOt shown), indicating that the pre-
(0J) at 12°C for 24 h. Results represent means Maturation conditions used in this study

of duplicates. (i.e., 12°C x 24 h using culture A, B, C or
D) had no effect on the growth of these
cheesemaking starters or the cell numbers
they reached after 24 h incubation. Further-
more, prematuration had little effect on the
S . rate at which pH decreased during simu-
D o genus, e teicheeseraking oron el of
stla;.J’honcocci ar’1d pseudor’nonads) in ra{ prematured sa_mples containing mesophilic
Vor thermophilic cheesemaking starters

milk containing culture B or C during incu- .
: 2 when compared with the control sample
bation at 12°C for 24 h, all of which in- (results not shown).

creased in both the control and the
prematured samples by between 1 and 3.5

log cycles during the incubation period 3 5 Effects of biological or chemical
(Figs. 4b-4f). These results suggest that acidification on the rheological
prematuration starter activity may have lit- properties of milk

tle effect on the growth and survival of mi-
croorganisms indigenous to milk.

6,4

(Fig. 4a). Prematuration had little effect on

Prematuration at 12C for 16 h using
culture A, B or C caused adecrease in pH of
0.043, 0.214 or 0.026 units, respectively.
Milk prematured with culture A (pH 6.625)
or C (pH 6.642) had only a slightly lower
RCT than the control (pH 6.668) while a
large difference in RCT was evident

Prematuration starter cultures A, B, Cbetween milk prematured with culture B
and D, incubated at 1Z for 24 h, grew by (pH 6.454) and the control (Fig. 5). Little
approximately 2.5 log cycles reaching lev-difference was evident between the biologi-
els of between I0and 10 cfu-mL-landre- cally- (i.e., prematured) and chemically-
duced pH by <0.50 units. Pasteurisation acidified samples with regard to RCT
reduced cell numbers to <10 efaLtin  (Fig. 5), indicating that any decrease in
the case of cultures C and D but only re-RCT observed in this study was caused by
duced those in cultures A and B to 1.27 the effect of pH alone and not by any bio-
10° and 3.90x 10* cfu-mL-L, respectively. logical effect of prematuration. It has been

3.4. Effect of prematuration
on the growth of cheesemaking
starters
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Figure 4. Changes in total bacterial count (a), lactobacilli (b), coliforms (c), enterococci (d), staphy-
lococci (e) and pseudomonads (f) in contill) @nd samples prematured with cultured)r C ()
at 12°C during 24 h incubation period. Results represent means of duplicates.
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Figure 5. Rennet coagulation times (RCT) of control (1) and milk samples acidified biologically
using culture A (2), B (4) or C (6) or acidified chemically using 4% lactic acid to pH 6.624 (3), 6.454
(5) or 6.641 (7).

shown previously that pH has a strong ef-and highlight the importance of pH in rela-
fect on rennet coagulation of milk [7]. De- tion to gel strength and structure. However,
creasing pHintherange 7.0to 5.2 causes dlittle difference in G’was observed between
increase in both rennet activity [15] and themilks that were biologically- (i.e., pre-
aggregation of casein [12], resulting in a re-maturation) or chemically- (i.e., ~4% lac-
duction in rennet coagulation time (RCT). tic acid) acidified to similar pH values
(Fig. 6). Similar profiles were obtained
Figure 6 shows G’ as a function of time when loss modulus (G”) was plotted as a
for gels prepared from LLHSM samples function of time (results not shown). These
which were either acidified biologically results confirm the fact that differences
with prematuration culture A or B or chem- found in the rheological properties between
ically to pH values corresponding to thosecontrol and prematured milk samples are
caused by the activity of culture A or B. De- primarily due to the effect of pH and not to
creasing pH in the range 6.740 to 6.525 reany biological effect of prematuration.
sulted in a progressive reduction in the time
required for the onset of gelation (i.e., the
pointintime atwhich G’is3 Pa). Therate 4. CONCLUSIONS
of aggregation and gel formation, moni-
tored by measuring changes in storage
modulus [G’] over time, increased with de-  Results show that the type of pre-
creasing pH (Fig. 6). These results are irmaturation starter will influence the rate of
agreement with the findings of other au-acidification, the final pH and may increase
thors including van Hooydonk et al. [15] the free amino acid pool in cheesemilk.
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Storage modulus, G' (Pa)

Time (min)

Figure 6. Storage modulus (G’) as a function of time for gels prepared from control milk at pH 6.740
(A), milk biologically acidified with culture AM) or B (@) or milk chemically acidified to pH 6.730
[corresponding to culture AL{) or 6.525 [corresponding to culture B)).
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