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Effect of microparticulated whey proteins on milk coagulation properties
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ABSTRACT

The enhancement of milk coagulation properties
(MCP) and the reuse of whey produced by the dairy
industry are of great interest to improve the efficiency
of the cheese-making process. Native whey proteins
(WP) can be aggregated and denatured to obtain col-
loidal microparticulated WP (MWP). The objective of
this study was to assess the effect of MWP on MCP;
namely, rennet coagulation time (RCT), curd-firming
time, and curd firmness 30 min after rennet addition.
Six concentrations of MWP (vol/vol; 1.5, 3.0, 4.5, 6.0,
7.5, and 9.0%) were added to 3 bulk milk samples (col-
lected and analyzed during 3 d), and a sample without
MWP was used as control. Within each day of analysis,
6 replicates of MCP for each treatment were obtained,
changing the position of the treatment in the rack. For
control samples, 2 replicates per day were performed.
In addition to MCP, WP fractions were measured on
each treatment during the 3 d of analysis. Milk co-
agulation properties were measured on 144 samples by
using a Formagraph (Foss Electric, Hillergd, Denmark).
Increasing the amount of MWP added to milk led to a
longer RCT. In particular, significant differences were
found between RCT of the control samples (13.5 min)
and RCT of samples with 3.0% (14.6 min) or more
MWP. A similar trend was observed for curd-firming
time, which was shortest in the control samples and
longest in samples with 9.0% MWP (21.4 min). No
significant differences were detected for curd firmness
at 30 min across concentrations of MWP. Adjustments
in cheese processing should be made when recycling
MWP, in particular during the coagulation process, by
prolonging the time of rennet activity before cutting
the curd.
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INTRODUCTION

The dairy industry has an important economic role
in Italy and a main focus is the transformation of milk
into high-quality cheeses. In this context, the evalua-
tion of milk coagulation properties (MICP) is valuable
to improve milk processing (Cassandro et al., 2008; De
Marchi et al., 2008). Indeed, good technological proper-
ties of milk have been associated with enhanced cheese
yield (Riddell-Lawrence and Hicks, 1989; Pretto et al.,
2013). Several instruments can be used to measure
MCP (O’Callaghan et al., 2002), and mechanical tools
such as the Formagraph (Foss Electric, Hillergd, Den-
mark) have been widely used to determine MCP. These
instruments produce a typical diagram as reported by
De Marchi et al. (2009) and provide measurement of
rennet coagulation time (RCT), curd-firming time, and
curd firmness 30 min after rennet addition. Recently,
mid-infrared spectroscopy combined with chemometric
analysis has been proposed as fast, nondestructive, and
cheap technique to predict MCP (De Marchi et al.,
2013, 2014; Tiezzi et al., 2013).

At present, improvements in the efficiency of the
dairy industry are needed. The recovery of whey pro-
tein (WP) after cheese-making process is an interesting
application. Native WP can be extracted from whey
through filtration to obtain WP concentrate (WPC),
which is further aggregated and denatured through a
controlled process to produce colloidal microparticulat-
ed WP (MWP; Spiegel and Huss, 2002). In addition,
the dairy industry faces growing demand for low-fat
products; in this context, the incorporation of WPC
and MWP as fat replacer into milk to maintain the
yield and nutritional value of dairy products can be
an efficient solution (Lo and Bastian, 1998). Micropar-
ticulated WP has been used to improve overall sensory
properties of low-fat dairy products such as ice cream
(Yilsay et al., 2006; Karaca et al., 2009), yogurt (Janhgj
et al., 2006; Aziznia et al., 2008; Torres et al., 2011),
and cheeses (Koca and Metin, 2004; Sahan et al., 2008;
Ismail et al., 2011). Substitution of fat with MWP re-
duces the firmness of low-fat products because of the
water-holding capacity of MWP. Excessive addition of
WP is likely to interfere with curd formation and ad-
versely affect cheese quality (Guinee et al., 1998).
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The aggregation of MWP is influenced by WP com-
position, the presence of lactose or k-CN (Guyomarc’h
et al., 2009), heat treatment, pH, and ionic strength
conditions (Chen et al., 2006; Nicolai and Durand,
2007; Gulzar et al., 2011). There is a paucity of studies
investigating the effect of the addition of WP to milk.
Ismail et al. (2011) reported shorter RCT of buffalo
milk with added WPC, whereas Guinee et al. (1997)
found impaired renneting properties of bovine milk with
added WPC. Interest in valorizing whey components
and improving MCP during cheese making is high in a
dairy industry specializing in cheese production. There-
fore, the aim of the present study was to investigate the
effect of increasing concentrations of MWP (from 0.0 to
9.0%, vol/vol) on MCP.

MATERIALS AND METHODS

Sample Collection and Experimental Design

Three samples of raw bulk milk were collected from
3 farms of the Veneto region (northeast Italy) during 3
sampling dates in October 2012. Milks were stored in
a portable refrigerator (4°C) and analyzed within 1 h
in the milk quality laboratory of the Breeders Associa-
tion of Veneto region (ARAV, Padova, Italy) for fat,
protein, CN, and lactose contents using a MilkoScan
FT6000 (Foss Electric, Hillersd, Denmark).

Microparticulated WP was collected in the Soligo
dairy cooperative (Farra di Soligo, Treviso, Italy) at
the beginning of the trial, and it was used for all the
sessions. On the days of analysis, aliquots of MWP
were stored at —20°C. Microparticulated WP was ex-
tracted from total skim sweet whey produced by the
dairy cooperative in a working day through the ultra-
filtration process (Tetrapak International SA, Rubiera,
Italy), using a tubular semipermeable polyethersulfone
membrane with a surface area of 700 m% and a cut-off
of 10,000 Da (6338 HFK-131; Koch Membrane System,
Wilmington, MA) at 10°C. Moreover, the microparticu-
lation process was carried out for 10 min at 95°C by
using a shell-and-tube heat exchanger and homogeniza-
tion at 4,000 kPa following the manufacturer’s proto-
cols (Tetrapak International SA).

Microparticulated WP were added at increasing
concentrations (1.5, 3.0, 4.5, 6.0, 7.5, and 9.0%; vol/
vol) to bulk milk. A sample without MWP (MWP =
0.0%) was used as control. Within each day of analysis,
6 replicates of MCP for each treatment were obtained,
changing the position of the treatment in the rack.
For the control samples, 2 replicates per day were
performed. In addition to MCP, WP fractions were
measured on each treatment during the 3 d of analysis.
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Analysis of MWP

Microparticulated whey protein fractions were quan-
tified by reverse-phase (RP)-HPLC after solubilization
with 6 M guanidine hydrochloride (Sigma, St. Louis,
MO) for 24 h. Reverse-phase HPLC analysis was carried
out in the laboratory of the Department of Agronomy,
Food, Natural Resources, Animals and Environment
of the University of Padova (Legnaro, Italy) using an
Agilent 1260 Series chromatograph instrument (Agilent
Technologies, Santa Clara, CA), and separation was
performed on a reversed-phase analytical column C8
(Zorbax 300SB-C8 RP, Agilent Technologies) with a
Poroshell packing (5 pm, 300 A, 2.1 x 75 mm). Detec-
tion was at 214 nm. Gradient elution was carried out
with a mixture of 2 solvents: solution A consisted of
0.1% trifluoroacetic acid and 5% acetonitrile in water,
and solution B was 0.1% trifluoroacetic acid in aceto-
nitrile. The gradient started with 95% of solution A,
after 1 min the gradient was 82% of A, after 2 min it
was 70%, and after 5 min A and B were in equilibrium.
From 5 to 9 min (end of the run), the gradient was
brought back to initial conditions (95% A). Quantified
WP were a-LA, 3-LG A and 3-LG B variants, BSA,
lactoferrin (LF), caseinomacropeptide (CMP), and
proteose-peptone (PP).

Analysis of MCP

Aliquots of daily milk and serial percentage of MWP
were mixed within each day of the trial and kept at
4°C until the beginning of the analysis. A final volume
of 10 mL for each sample was heated to 35°C in 10
min; once 35°C was reached, 200 pL of rennet (Han-
sen standard 190, Pacovis Amrein AG, Bern, Swit-
zerland) diluted 1.6% with distilled water was added
to milk (Pretto et al., 2013). In total, 144 measures
of MCP were determined using a Formagraph (Foss
Electric). The working principle of the Formagraph is
based on the swing of a pendulum immersed in milk
and driven by an electromagnetic field. As the cheese
milk coagulates, the swing of the pendulum becomes
smaller and differences in the electromagnetic field are
recorded (O’Callaghan et al., 2002). The output of the
instrument consists of 3 measurements of MCP: RCT
(min), defined as the interval from the addition of the
clotting enzyme to the beginning of coagulation; curd-
firming time (kyo, min), which is the interval from
the beginning of coagulation to the time at which the
width of the graph attains 20 mm; and curd firmness
(agg, mm), defined as the width of the diagram 30 min
after rennet addition.
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Whey Sample Collection and Analysis

Whey was collected after manual cross-cut, using a
bistoury, of the curd immediately after the end of MCP
analysis. Whey from all replicates of the same treat-
ment (n = 21) was combined and WP fractions were
identified using RP-HPLC, as previously described for
MWP analysis. Quantified WP (mg/mL) were a-LA,
B-LG A, 3-LG B, BSA, LF, CMP, and PP. Micropar-
ticulated WP losses (MWP)yys, %) were calculated for
each fraction as follows:

MWPlosses = (WPtreatment/WPMVVP) X 1007

where WP camene 18 the WP fraction in each MWP
treatment sample and WPynyp is the WP fraction
added to milk through MWP.

Statistical Analysis

Data of MCP, WP fractions, and MWP losses were
analyzed through the general linear model (GLM)
procedure (SAS Institute Inc., Cary, NC). The linear
model for MCP included the fixed effects of MWP con-
centration (7 levels), day of analysis (3 levels), replicate
(6 levels), and interaction between MWP concentration
and day of analysis, and the random effect of residual.
The model for WP fractions and MWP losses included
the fixed effects of MWP concentration (7 and 6 lev-
els, respectively), and day of analysis (3 levels), and
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the random effect of residual. A multiple comparison
of means was performed for the main effect of MWP,
using the Bonferroni test (P < 0.05).

RESULTS
mcP

Means (standard deviation) of fat, protein, CN, and
lactose contents of raw bulk milk used during the whole
trial were 2.73% (0.82), 3.70% (0.15), 2.77% (0.04),
and 4.87% (0.05), respectively. Rennet coagulation
time, koo, and ag, averaged 14.7 min, 20.1 min, and 35.5
mm, respectively, and the coefficient of variation (CV)
was 16.3% for RCT, 14.8% for kyy, and 18.1% for ag,
indicating that the variability among MCP was similar
(Table 1).

Results from the ANOVA for MCP are summarized in
Table 2. The coefficient of determination (R*) was 0.80
for RCT, 0.71 for ky, and 0.63 for as,. The concentra-
tion of MWP, day of analysis, and replicate effects were
highly significant (P < 0.001) in explaining the varia-
tion of RCT and ky,. Curd firmness was significantly (P
< 0.01) affected by day of analysis and replicate, but
not by concentration of MWP (P = 0.23). Finally, the
influence of fixed interaction effect between MWP and
day of analysis was statistically negligible for all MCP
(P > 0.05; Table 2).

Figure 1 depicts the least squares means of MCP
across concentrations of MWP. Increasing the amount

Table 1. Descriptive statistics of milk coagulation properties, whey protein (WP) fractions, and

microparticulated whey protein (MWP) losses

No. of
Trait samples Mean SD Minimum Maximum
Milk coagulation property’
RCT, min 144 14.7 2.39 10.3 22.3
kyg, min 144 20.1 2.98 14.5 28.2
asp, MM 144 35.5 6.44 18.0 48.0
WP fraction, mg/mL
a-LA 21 0.68 0.09 0.21 0.78
B3-LG A 21 3.43 0.35 2.28 4.03
B-LG B 21 1.66 0.10 1.45 1.79
BSA 21 0.13 0.03 0.05 0.02
Lactoferrin 21 0.03 0.02 0.01 0.06
Caseinomacropeptide 21 0.94 0.16 0.73 1.27
Proteose-peptone 21 0.28 0.05 0.17 0.36
MWP loss,? %
a-LA 18 92.6 3.37 85.9 97.9
3-LG A 18 89.1 6.67 75.0 99.6
B3-LG B 18 59.6 3.80 54.5 67.1
BSA 18 65.8 16.2 38.2 81.5
Lactoferrin 18 62.4 15.2 48.7 79.1
Caseinomacropeptide 18 22.0 3.28 16.0 28.0
Proteose-peptone 18 17.4 2.81 12.4 21.7

'RCT = rennet coagulation time; kyy = curd-firming time; ayy = curd firmness 30 min after rennet addition.
*Calculated as (WP eatment/ WPywp) X 100, where WP, uimene is WP fraction in each MWP treatment and

WPywp is WP fraction added to milk through MWP.
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Table 2. Results from ANOVA (F-value and significance) for milk coagulation properties

Effect
Trait! MWP? Day Replicate MWP x Day RMSE? R’
RCT, min 14.3%%% 157.0%%* 10.3%%% 0.47 1.17 0.80
Kog, min 6.9%%* 96.5%** 5.9%k* 0.63 1.77 0.71
a0, M 0.23 83,87k 3.3%% 0.31 4.32 0.63

'"RCT = rennet coagulation time; kyy = curd-firming time; azy = curd firmness 30 min after rennet addition.
MWP = concentration of microparticulated whey proteins (vol/vol).

SRMSE = root mean square error.
**P < 0.01; ***P < 0.001.

of MWP added to milk led to longer RCT. In par-
ticular, significant differences (P < 0.05) were found
between RCT of the control samples (13.5 min) and
samples with 3.0% (14.6 min) or more MWP. Also,
milk with 9.0% MWP exhibited longer RCT (16.0 min)
than samples with 4.5% (14.8 min) or less MWP (P <
0.05). A similar trend was observed for ky,, which was
shortest in the control samples (18.9 min) and longest
in samples with 9.0% (21.4 min) MWP (Figure 1). Sta-
tistically significant differences (P < 0.05) were found
between control and samples with 6.0% (20.9 min) or
more MWP, and between samples with 1.5% (19.1 min)
and those with more than 7.5% (21.2 min) MWP. In
contrast to RCT and ky, no significant differences (P
> 0.05) were detected for ay, across concentrations of
MWP. However, the tendency was for a weaker gel
moving from control (36.1 mm) to samples with 7.5%
(34.9 mm) and 9.0% (35.1 mm) MWP (Figure 1).

WP Fractions and MWP Losses

The average quantity of WP fractions ranged from
0.03 mg/mL for LF to 3.43 mg/mL for 3-LG A, and the
CV ranged from 6.1% (3-LG B) to 55.7% (LF; Table
1). Average losses of MWP varied from 17.4% (PP) to
92.6% (a-LA), and the CV ranged from 3.6% (a-LA)
to 24.7% (BSA; Table 1).

Results from the ANOVA for WP fractions and MWP
losses are summarized in Table 3. Coefficients of determi-
nation of the models for WP fractions ranged from 0.46
(a-LA) to 0.89 (PP), and those for MWP losses ranged
from 0.58 (LF) to 0.88 (8-LG B). The day of analysis
was significant (P < 0.01) in explaining the variability of
B-LG B, BSA, and PP, both in whey and MWP losses,
and it was important in explaining the variation of LF in
whey and 3-LG A in MWP losses (P < 0.01). The effect
of MWP was important (P < 0.05) in explaining the
variability of CMP and PP fractions, both in whey and
MWP losses. Moreover, the MWP effect was important
(P < 0.05) for 3-LG B and BSA fractions in whey, and
for o-LA in MWP losses (Table 3).
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Least squares means of WP fractions and MWP losses
across concentrations of MWP are given in Table 4. The
percentage of a-LA, 3-LG A, and BSA in whey tended
to decrease when moving from zero (control samples) to
9.0% MWP in milk, but no statistical significance was
observed (P > 0.05). Lactoferrin showed (P > 0.05) an
inconsistent trend across MWP. A significant reduction
of 3-LG B from 1.75 to 1.58 mg/mL (P < 0.05) was
observed comparing control samples and samples with
9.0% MWP, whereas no differences were detected (P
> 0.05) for concentrations of MWP between 1.5 and
7.5% (Table 4). Significant increments of CMP and PP
were observed in whey when moving from zero to 9.0%
MWP (P < 0.05); in particular, CMP increased from
0.76 to 1.15 mg/mL, and PP from 0.22 to 0.34 mg/
mL. Microparticulated whey losses of a-LA and BSA
decreased when comparing samples with 1.5 and 9.0%
MWP, albeit not significantly (P > 0.05; Table 4). In
contrast, MWP losses of LF, CMP, and PP were higher
in milk with a high percentage of MWP; in the case of
CMP and PP, the losses increased from 17.7 to 25.2%
and from 13.7 to 19.9%, respectively, when moving
from samples with 1.5% to samples with 9.0% MWP
(P < 0.05; Table 4).

DISCUSSION
Effect of MWP on MCP

Milk composition is the main factor that influences
MCP (Politis and Ng-Kwai-Hang, 1988; Formaggioni
et al., 2001). Raw bulk milk used for MCP analysis ex-
hibited higher protein and CN percentages, and lower
fat percentage than vat milk (De Marchi et al., 2008).
However, mean values for protein and CN percentages
of the present work were comparable to the findings
of Penasa et al. (2014) on milk from multi-breed dairy
herds. Protein and CN contents are positively related
to milk coagulation ability (Pretto et al., 2013) and
are crucial in determining cheese yield (Summer et al.,
2002).
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Figure 1. Least squares means (£ SE) of (A) rennet coagulation
time (RCT, min); (B) curd-firming time (ky, min); and (C) curd firm-
ness 30 min after rennet addition (as, mm) across different concentra-
tions of microparticulated whey proteins (MWP: 0.0, 1.5, 3.0, 4.5, 6.0,
7.5, and 9.0% vol/vol). Least squares means with different letters (a—c)
are significantly different according to Bonferroni’s test (P < 0.05).

Several other factors affect MCP, the most important
of which are stage of lactation, breed of cow (De Mar-
chi et al., 2007; Penasa et al., 2014), casein genotypes
(TIkonen et al., 1999; Comin et al., 2008; Penasa et al.,
2010), and additive polygenic effects (Ikonen et al., 2004;
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Cassandro et al., 2008; Tiezzi et al., 2013). The average
values of MCP from the present study were difficult to
compare with those reported in the literature because
of the use of MWP. Control milk coagulated 0.65 min
earlier than milk with 1.5% MWP, and a progressive
deterioration of RCT was observed by increasing the
percentage of MWP. A similar pattern was reported
by Guinee et al. (1997), who used a commercial WP-
based ingredient. However, the weak gel formation in
Guinee et al. (1997) was probably related to the use of
modified pasteurization of milk, which increased WP
denaturation. Indeed, increasing the temperature of
pasteurization promotes the complex formation between
denatured WP and CN, with the concomitant reduction
in accessibility of the rennet to the CN (Rynne et al.,
2004). In contrast to the present study, the addition
of WP to buffalo milk shortened RCT in the work of
Ismail et al. (2011). This was probably related to the
higher acidity content of WP that increased the acidity
of milk. The aforementioned effect could be due to type
of WP used by Ismail et al. (2011), which was derived
from whey immediately after cheese making. Regarding
kyy, Guinee et al. (1997) observed a reduction of the
time to attain 20 mm of firmness using MWP, which is
opposite to the trend reported in our research.

Microparticulated WP is widely used in low-fat prod-
ucts to maintain smoothness. The combined effect of
MWP addition and heat treatment on MCP decreases
the degree of CN aggregation during curd formation
and may therefore have the potential to improve the
texture of low-fat products by imparting a softening
effect for the higher moisture content (Yilsay et al.,
2006; Sahan et al., 2008; Torres et al., 2011).

Effect of MWP on WP Fractions and MWP Losses

The identified WP, listed according to their contents
in whey, were 3-LG A, 3-LG B, CMP, a-LA, PP, BSA,
and LF, as reported in other studies (de Wit, 1998;
Casal et al., 2006). Protein fractions such as 3-LG A,
B-LG B, and a-LA showed trends to decrease with in-
creasing concentrations of MWP in milk. It is known
that a-LA and B-LG can adhere to the surface of casein
micelles through formation of WP-k-CN complexes
(Lucey et al., 1998). In contrast, peptides do not embed
in the aggregate microparticles, increasing their loss in
whey, as reported in the present work for CMP and PP.
It is well documented that whey composition affects
aggregation of MWP (Guyomarc’h et al., 2009).

The efficiency of MWP recovery depends on the
denaturation degree of WP obtained in the MWP pro-
cess. Denatured proteins obstruct syneresis and, thus,
less water drains off during the cheese-making process.
Moreover, an advantage in the use of denatured WP is

Journal of Dairy Science Vol. 97 No. 11, 2014
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Table 3. Results from ANOVA (F-value and significance) for whey protein (WP) fractions and microparticulated

whey protein (MWP) losses

Effect
Trait MWP! Day RMSE? R?
WP fraction, mg/mL
a-LA 1.43 0.01 0.10 0.46
3-LG A 1.40 2.90 0.30 0.54
3-LG B 3.49% 28.8%H* 0.05 0.87
BSA 3.56% 9.51%* 0.02 0.77
Lactoferrin 1.10 23274 0.01 0.82
Caseinomacropeptide 8.4%* 0.14 0.09 0.81
Proteose-peptone 12.4%* 13.8%* 0.02 0.89
MWP loss,” %
a-LA 3.95% 1.97 2.40 0.70
3-LG A 2.31 23.6%* 3.32 0.85
3-LG B 1.80 32,7 1.71 0.88
BSA 1.73 9.01%* 11.0 0.73
Lactoferrin 2.21 1.41 12.8 0.58
Caseinomacropeptide 5.38% 0.12 2.22 0.73
Proteose-peptone 8.84%% 9.78%* 1.35 0.86

'Concentration of MWP (vol/vol).
RMSE = root mean square error.

3Calculated as (WP eatment/ WPywp) X 100, where WP aimens s WP fraction in each MWP treatment and

WPywp is WP fraction added to milk through MWP.
*P < 0.05; ¥*¥P < 0.01; ¥*P < 0.001.

that they can be inserted inertly into the pores of the
CN network similarly to fat globules, whereas undena-
tured WP would be lost in the whey. However, larger
particles disturb the homogeneity of the network and
result in a reduction of firmness (Hinrichs, 2001). Slight
differences were observed for MWP losses, in particu-
lar a-LA and BSA, which showed a reduction in WP

loss, increasing MWP. The positive effects of 3-LG on
gelation properties have recently been reported by de
Faria et al. (2013), confirming the higher quality of gels
produced with a high proportion of 3-LG compared
with materials produced with higher CMP. Similar
results were reported by Roufik et al. (2005) for BSA
and o-LA.

Table 4. Least squares means of whey protein (WP) fractions and microparticulated whey protein (MWP) losses across different concentrations

of MWP (0.0 to 9.0%)

MWP concentration (%)

Trait 0.0 15 3.0 45 6.0 7.5 9.0

WP fraction, mg/mL
oa-LA 0.75" 0.70" 0.69" 0.70" 0.67" 0.52" 0.65"
B-LG A 3.73 3.48" 3.49" 3.04 3.33" 3.34° 3.33"
B-LG B 1.75" 1.66™ 1.66" 1.65" 1.66" 1.61%" 1.58"
BSA 0.16 0.14" 0.13" 0.10" 0.11° 0.13" 0.11°
Lactoferrin 0.02 0.04" 0.04" 0.03" 0.03" 0.03" 0.04*
Caseinomacropeptide 0.76" 0.81%" 0.88" 0.99™° 1.06" 1.12" 1.15°
Proteose-peptone 0.22° 0.23* 0.26" 0.29" 0.32" 0.32" 0.34°

MWP loss," %
oa-LA 95.3" 93.8" 95.6" 92.3" 90.1° 88.8"
B-LG A 88.0" 87.3" 84.6" 91.4* 91.6" 91.6"
B-LG B 58.7" 58.7° 59.0" 58.6" 60.7° 61.8"
BSA 76.0" 72.2° 57.3" 58.6" 715" 58.9"
Lactoferrin 64.1% 56.5% 71.0* 49.2% 55.2% 78.7%
Caseinomacropeptide 17.7° 19.4° 21.8" 23.6™ 24.5" 25.2"
Proteose-peptone 13.7" 15.7° 17.3% 18.7" 18.9" 19.9"

*“Least squares means with different letters within a row are significantly different according to Bonferroni’s test (P < 0.05).
!Calculated as (WP eqiment/ WPywp) X 100, where WP, qumen is WP fraction in each MWP treatment and WPyyp is WP fraction added to milk

through MWP.

Journal of Dairy Science Vol. 97 No. 11, 2014
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CONCLUSIONS

The addition of increasing concentrations of MWP
to milk led to slightly prolonged RCT and ky,. In par-
ticular, MWP decreased the rapidity of CN aggregation
during curd formation, which in turn led to delayed
coagulation. No significant differences were detected for
as, across concentrations of MWP even if the tendency
was for a weaker curd moving from control to samples
with high levels of MWP. The fractions a-LA and
BSA showed a major recovery. Adjustments in cheese
processing should be made when recycling MWP to
optimize the potential of MWP as an ingredient in low-
fat products. This could be achieved during coagulation
by prolonging rennet activity before cutting the curd.
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