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ABSTRACT

The production of Cheddar cheese using micellaginaoncentrate (MCC), a novel milk
ingredient powder with a high casein content (~92%&)s evaluated. Four types of Cheddar
cheese were manufactured and ripened for 180 daysthe following starting materials:
standardised control milk (control), skim milk witheam (SC), reconstituted MCC with cream
(MC) and reconstituted low-heat skim milk powdethweream (PC). Only minor differences
were found in composition between treatments, bGtdleese showed higher levels of
proteolysis compared with other treatments, linteesignificantly higher plasmin and
chymosin activities. No differences were observedardness between treatments (60, 120
and 180 days), but the springiness and cohesiveridd€ and PC cheeses were significantly
higher than that of the control and SC cheese8,at and 180 days. The use of
casein-dominant dairy streams has the potentigrfmadtuction of Cheddar cheese with tailored

functionality.




1. I ntroduction

Global milk production was approximately 843 mitlitonnes in 2018 (FAO, 2019);
among dairy products (i.e., cheese, casein andrputheese production used the highest
proportion of milk. Whey protein powder, productiohwhich is traditionally associated
with the manufacture of cheese, represents 57%eaiiarket for global protein supplement
for exercising and nutrition, while there is a hungarket for whey protein powders in infant
formula. Cheese output is increasing at a ratéol2arly while the demand for whey
protein has been growing at 6—7% yearly (Hoogweagu@, 2019). Nowadays, whey
protein with high quality is required as it canusd to manufacture a range of food
ingredients or products with nutrition and functbproperties (Boland, 2011). Kelly (2019)
reported that the ultrafiltration (UF) propertidssaveet and acid whey are influenced by
their high or low pH, respectively. However, midloation (MF) permeate made directly
from skim milk is considered to be an ideal wheyrse for whey protein ingredient
production. Therefore, recovering whey protein fnarifk rather than cheese whey could
improve the whey quality and is an option for wipegtein ingredients manufacture.

During membrane filtration of skim milk, native reitar casein is concentrated in
the retentate, which could be recovered and coratextto produce micellar casein
concentrate (MCC). This is a novel dairy ingredigotvder with a high casein fraction of
85—-95% of total protein which may be used in fumaal and nutritional applications

(Crowley et al., 2018). As the traditional way tamufacture Cheddar cheese is followed by



whey protein manufacture, the concept of recovenhgy protein before Cheddar cheese
manufacture is of interest.

In terms of the protein ingredients being useddbeddar cheese manufacture, low
heat skim milk powder (LHSMP) can be used to enbaiheese yield giving a constant
cheese production throughout the year (Freemary,Butlassan, 1970). LHSMP is
produced from skim milk using low temperatures dgrinanufacture and is mostly used for
condensed milk, UHT-treated fluid milk and ice-ere@Augustin & Margetts, 2003).

Unlike reconstituted medium- and high-heat skimkrpibwder that have impaired rennet
coagulation ability, the rennet coagulation projpsrof LHSMP are good as the whey
protein is not highly denatured (Ménard, CamieG&omarc’h, 2005). With only physical
separation processing, the micellar casein in MG® have better rennet coagulation
properties compared to LHSMP. The rennet coaguigiioperties and cheese-making
potential of MCC may be better than those of LHSMP.

Two main factors that influence cheese yield actaltzon and seasonality. The gross
composition of bovine milk varies with the stagdauftation. Kuchtik, Sustova, Urban, and
Zapletal (2008) reported that protein and caseimeast increase and lactose content
decreases through lactation. After 200 days lamtatiows are in the late lactation stage,
which requires the udder tissue to repair and rexctor the next lactation. During late
lactation, milk yield decreases dramatically, whicly influence cheese yield, unless milk
is standardised. Also, at specific times of thery#ee milk volume decreases, and the
composition and rennet coagulation properties ¢ are significantly influenced (Freeman

et al., 1970; O’Brien, Mehra, Connolly, & Harringtal999). Both cheese yield and



manufacturing efficiency are influenced by seaseaahtion of milk protein and fat
composition (Barbano & Sherbon, 1984).

To solve the problem of low cheese yield, one smtuis adding LHSMP to
low-protein milk to increase the protein composit{&reeman et al., 1970). Another
possibility may be making Cheddar cheese with MB4& is manufactured as a co-product
of high-quality whey protein.

This study evaluated the production of Cheddar shé&®m micellar casein
concentrate, with LHSMP used for comparison. Thesequence of this manufacture was

evaluated concerning composition, proteolysis,uexaind functionality.

2. M aterials and methods

2.1. Preparation of cheese milk

Micellar casein concentrate (MCC) powder was ola@ifnom Teagasc (Moorepark,
Fermoy Co. Cork, Ireland); whereby pasteurised f®gkim milk was microfiltered at
50 °C using 0.14 um TAMI Isoflux ceramic membra(iEAMI, Lyons, France). MF was
performed in a batch mode involving two diafiltaatisteps to produce a final 3x MF
retentate (liquid MCC) which was evaporated at 6318ing a pilot plant single-effect
falling-film evaporator (Anhydro F1 Laboratory; Gaghagen, Denmark). This was
followed by spray-drying of the evaporated liquicCR2 in a single-stage spray dryer

(Anhydro Laboratory Spray Dryer, SPX Flow TechngloBenmark) equipped with nozzle



atomisation at inlet and outlet temperatures of 418% 85 °C, respectively. The protein
content (91.6% casein) of MCC was determined byKje&lahl method (IDF, 1986). MCC
powder and low heat skim milk powder (LHSMP; WPNBBUelzena, Uelzen, Germany)
were rehydrated using a Silverson mixer at 55 1Qfhb.

Raw milk was obtained from a local farm in Corlelémd. Skim milk and cream
were separated from raw milk using a separator. gomition of milk samples was measured
by MilkoScan™ Mars (Foss, Hillerad, Denmark) andeta content was calculated by
multiplying the casein percentage of protein ofritk sample (an estimated percentage of
78% for milk and LHSMP milk and 91.6% for MCC). Garl milk was prepared by
combining raw milk and skim milk to a casein: fatio of 0.7:1. Both reconstituted MCC
and reconstituted LHSMP were made up to the sasmrcéevel as skim milk.
Reconstituted MCC and LHSMP and skim milk were Gkshwith cream and lactose
according to the same standardization ratio (cagaiof 0.70:1.00) and lactose content
(~5%) as control milk to obtain three more vatsnmshknilk with cream (SC), reconstituted
MCC milk with cream (MC) and reconstituted LHSMPIknwith cream (PC). All milk
samples were pasteurised at 72 °C for 15 s (Mieratits Inc., Raleigh, NC, USA) and

stored at 4 °C until analysis and cheese-making.

2.2. Rennet coagulation properties

Dynamic oscillatory analysis (small amplitude dstdry measurement) of renneted

control milk, SC milk, MC milk and PC milk was perfned using a Peltier concentric



cylinder geometry, which comprised of an aluminicomical rotor [42.01 mm (h) by 28.02
mm (d)], on an AR-G2 controlled stress rheometeat@hs TA Instruments, Leatherhead,
Surrey, UK). Aliguots (25 mL) of each sample were-pvarmed in a water bath at 32 for

15 min, and 80 pL of a 1:10 (v/v) dilution of Maan™ (Chr Hansen A/S, Hgrsholm,
Denmark) was added. The sample was placed immbdiatie preheated cup (32 °C), the
frequency of oscillation was set at 0.6283 ridamd the storage modulus, G’ of the sample
was recorded continuously as a function of time law-amplitude shear strain (0.01) over

90 min. Each sample was analysed in triplicatefi¢za Waldron, & McSweeney, 2015).

2.3. Cheese manufacture

Cheddar cheeses were made from 20 L control, SCaMicPC milks which were
prepared, pasteurised and stored at 4 °C overhafbte cheese-making. Cheddar-type
cheeses were manufactured according to a standedd@r cheese manufacture protocol
(Fox, Guinee, Cogan, & McSweeney, 2000). An aliqafdd g (0.03%, w/w) of Cheddar
cheese starter culture (R604Y Chr. Hansen Ltdtlelisland, Co. Cork, Ireland) was added
into each sample and allowed ripen for 30 minofetd by 0.09% (v/w) of 1 mol't.CaCl
and 60 IMCU L rennet being added to all samples. Whey was dtairten the pH
dropped to 6.2 and curd was cheddared. When theepkeased to 5.4, the curd was milled
into small pieces and salted at a level of 2.5%vjWMaCl. The curds were then wrapped in

cheesecloth and moved to 2-kg circular moulds, vinere pressed at a pressure of 2.5 kg



cm? for 14 h. The cheeses were then removed, vacusiegand ripened at 8 °C for 180

days.

2.4. Compositional analysis

Gross composition of cheeses was analysed at BadihyMoisture was determined
by oven-drying method (IDF 1982), protein (%0Nx6.88)the Kjeldahl method (IDF 1986)
and salt was analysed by titration with AgiN®ox, 1963). The pH was measured at 14, 30,
60, 120 and 180 days of ripening by using a caldar@H probe placed in contact with dry

grated cheeses. All results were determined ifidafe.

2.5. Microbiological analysis

Enumeration of starter lactic acid bacteria (LAB)siyperformed using LM 17 agar
plates (Terzaghi & Sandine 1975), incubated foaysdat 30 °C. Enumeration of non-starter
lactic acid bacteria (NSLAB) was performed on R@gagar plates (Rogosa, Mitchell, &
Wiseman, 1951), incubated anaerobically for 5 day&0 °C. Enumeration of LAB and

NSLAB were performed in duplicate after 60 and @9<of ripening.

2.6.  Analysis of proteolysis



Urea-polyacrylamide gel electrophoresis (urea-PAGEEheese samples was used
to study the proteolysis ok~ andp-casein (CN) during ripening using the method of
Andrews (1983) with modifications of Shalabi andkKt©987).The pH 4.6-soluble and
insoluble fraction were prepared (Kuchroo & Fox82p and peptide profiles of pH
4.6-soluble fractions filtered through 0.2&h cellulose acetate filters (Sartorious GmbH,
Gottingen, Germany) were analysed by reverse-phigbeperformance liquid
chromatography (HPLC) using an ultra-performangeiti chromatography (UPLC)
Waters Acquity UPLC H-Class Core System (WatergoChhilford, MA, USA), with a
Waters Acquity UPLC TUV Detector (dual-wavelengditiaters Corp) operated by
Empower 3 software (Waters Corp), following the Inoget of Mane, Ciocia, Beck, Lillevang,
and McSweeney (2019).

For determination of free amino acids (FAA), frozet 4.6-soluble fractions were
de-proteinised by mixing equal volumes of 24% ({y trichloroacetic acid (TCA) and

sample and following the method of Fenelon and &i2000).

2.7.  Plasmin activity

The plasmin activity of cheese samples at 180 dayipening was measured using
the coumarin peptide method (Richardson & Pea@@] )l A standard curve of the
emission intensity at 460 nm was constructed ugtagiido-4-methyl coumarin (AMC),
and results expressed in nmol AMC fmimL™, which was defined as one unit of plasmin

activity.



2.8. Residual coagulant assay

Grated cheese samples (50 mg) were extracted $glvizg cheese in 1 mL of OM.
trisodium citrate, followed by 30 min incubation3t°C. Fat was separated by
centrifugation at 1000 g (Sigma 1-16K, Harz, Germany) for 1 min, and theesqs layer
was used for analysis. An aliquot of 0 citrate dispersion of cheese was incubated with 3
uL of 1 mg mL* aqueous solution of a synthetic heptapeptide satlst
(Pro-Thr-Glu-Phe-[N@Phe]-Arg-Leu) in 40QL 0.1 m sodium formate buffer, at 3T,
pH 3.2, for 24 h. The mixture was heated at@Gor 10 min to stop the reaction, followed
by centrifugation at 16,000¢for 10 min, and the supernatant was used for URhalysis.
Substrate and product levels were determined ubmgeversed-phase HPLC system
described above, following the method of HurleyD@scoll, Kelly, and McSweeney

(1999).

2.9. Texture profile analysis

Texture profile analysis was performed using a GiexAnalyzer TA-XT2i (Stable
Micro Systems, Godalming, Surrey, UK) at 60, 12t 480 days of ripening. Cheese
samples were cut into 20 mm height, 20 mm dianwténders and kept at 4 °C overnight.
Cheese cylinders were compressed to 25% of thalihgight in two continuous
compressions with a speed of 1 mimHardness, cohesiveness and springiness were

10



measured (Truong, Daubert, Drake, & Baxter, 20889, five cheese samples were

measured for each treatment.

2.10. Meltability

Meltability was analysed using the Schreiber mditgliest as described by Altan,
Turhan, and Gunasekaran (2005). Cheese sampleheated at 232 °C for 5 min, and
meltability was measured as the percentage incraaiameter of the original samples.

Analyses were performed in triplicate at 60, 1281 #lays of ripening.

2.11. Dynamic small amplitude oscillatory rheology

The rheological properties of meltability of cheater 180 days ripening were
analysed with a controlled stress AR-G2 rheom@térl(istruments, Waters LLC,
Leatherhead, Surrey, UK) according to the methdtb@fiez et al. (2015). Storage modulus
(G"), loss modulus (G”), and loss tangent (LT) wareasured during heating. The
maximum LT (LTnay and the temperature where LT = 1, which are sidics of melting,

were also recorded. Each sample was analyseglicéaitie.

2.12. Colour measurements

11



Colour values were measured using a Konika-Minodlaurimeter CR400
(Konika-Minolta Optics Inc., Osaka, Japan) at 18, &0, 120, 180 days of ripening. The
measurement used the CIELAB system based on illamiD65 and a visual angle of 2°.
Five random readings were taken on fresh-cut chete2@ °C. The Eluclidean distance

between the colour of control cheese and thattfeerdreatments was calculated by:

AE ap = /(AL")Z + (Aa*)? + (Ab*)2
whereAL” = I—*sample— L*controly Ad = a*sample— afcontrol andAb’ = b*sample— b*controI(Mahy, Van

Eyckden, & Oosterlinck, 1994).

2.13. Statistical analysis

Control, SC, MC and PC cheeses were made in thdepéendent trials, 4 x 3 blocks.
Statistical analysis was carried out using one-amalysis of variance (ANOVA) with R
project for Windows version i386 3.4.0 to estabBginificant differences between samples.

The probability level used for statistical signéitce wa$ < 0.05.

3. Results and discussion

3.1. Rennet coagulation properties

The rennet coagulation properties of milk samptesshown in Table 1. During the

first 10 min, G’ value of all the treatments wa®/land constant, after which the G’ value of

12



all samples increased, with the MC and PC sampleibiting a slower rate of increase
compared to other samples (Fig. 1). The gel stre(@tvalue) at 90 min of MC and PC
samples was significantly?(< 0.05) lower than that of other samples. The tyehgth of
MC and PC kept increasing and did not reach a aah&vel during the analysis, while
control and SC reached stable values at 45 minlddsetangent at 90 min of MC sample
was significantly P < 0.05) higher than that of the other treatments.

Martin, Williams, and Dunstan (2010) reported tlating the manufacture of milk
protein concentrate (MPC), casein micelles weredaataged; however, the minerals
removed through diafiltration and decreased caldgmmrt strength could depress rennet
coagulation. The rennet coagulation ability of restduted MPC could be restored by
adding extra calcium ions. The production of MC@oiwes two diafiltration steps, which
may reduce soluble calcium levels; thus, 0.09% el mol L* CaC} was added to all of

the batches before cheese manufacture.

3.2. Cheese composition and pH

The composition of cheese at 14 days of ripenimppdhof cheese samples at 14, 30,
60, 120 and 180 days of ripening are shown in Tapthe results presented are means of
data from the three trials. Guinee, Mulholland,litednd O’Callaghan (2007) stated that
different casein to fat ratio can influence thetproand fat content of cheese. As the casein:

fat ratio of milk was adjusted to 0.7 for all saegIno statistically significant differencésX

13



0.05) were found in cheese protein and fat conteetiween all treatments, and the use of
MCC or LHSMP for Cheddar cheese manufacture didaffett these parameters.

The moisture content of PC cheese was significgRtky 0.05) higher than that of
SC and MC cheese; no significant differendes (.05) were found for moisture content
between control, SC and MC cheese. The salt coofeMC cheese was significantli? €
0.05) higher than that of control and SC cheese.pHhof MC cheese was significantR €
0.05) higher than that of other treatments, theaedor which is not clear. No significant
differences P > 0.05) were found for moisture in non-fat subsen@INFS) and fat in dry
matter (FDM) for all treatments; MNFS is an impottparameter for Cheddar cheese
quality, so it is important that all batches of ebe sample had similar levels of MNFS

(Bogenrief & Olson, 1995; Fox et al., 2000).

3.3.  Proteolysis

Table 2 shows the level of pH 4.6-SN/TN (%) of ¢cohtSC, MC and PC cheeses at
180 days of ripening; pH 4.6-SN/TN is an index aiftpolysis (Sousa, Ardo, & McSweeney,
2001). Significantly P < 0.05) higher pH 4.6-SN/TN levels were found in Mi@&ese than in
SC and PC cheese. In addition, the levels of pFB&MNETN were significantly® < 0.05) lower
in PC than control cheese. The value (23%) fourkB@tdays of ripening in this study was
comparable with previous studies on Cheddar chgesey, Mishra, Hassan, & Johnson,
2005; O’Mahony, Lucey, & McSweeney, 2005). The magent producing pH 4.6-soluble
nitrogen is the coagulant (O’Keeffe, Fox, & Dal@7B), while Farkye and Fox (1992)

14



reported that plasmin, the principal indigenouskmiloteinase, is also important for primary
proteolysis in Cheddar cheese during ripening.

Urea-PAGE electrophoretograms of cheese samplasgdipening are shown in Fig.
2. All cheese samples showed break-dowp-@ndas;-CN, but lower levels of intagt-and
as1-CN were apparent during ripening in MC cheese. oube action of plasmifs-CN is
hydrolysed td3-CN (f29-209) B-CN (f106—209) an@-CN (f108—-209) (Eigel et al., 1984).
The levels of-CN (f106—209) an@-CN (f108—209) of MC cheese were higher than other
treatments during ripening, which suggests highesrmin activity. Also, in Fig. 2, the MC
cheese showed the lowest level of intagtCN level, followed by PC cheese, control and SC
cheese from 60 to 180 days of ripening; at 180 dayipening, no intaats;-CN was found in
MC and PC samples. Residual chymosin in cheeselygesos;-CN to as;-CN (f24—-199)
andos-CN (f102—-199) and, as the residual chymosin agtimcreases, the breakdown of
as1-CN increases (Sheehan, Wilkinson, & McSweeney8P00he faster breakdown of
as-CN of MC and PC samples may indicate higher redidbymosin activity in these
samples.

The peptide profiles of the pH 4.6-soluble extrdotontrol, SC, MC and PC cheeses
at 180 days of ripening were generated by ultrdgpexance liquid chromatography (Fig. 3).
The highest peak areas were observed at the wtditie of 1 to 5 min for all treatments. The
peak area of peptides that were eluted later (28i#5etention time) was higher in MC
sample compared to the other treatments. Peptidée ipH 4.6-soluble extracts reflect the
effect of proteinases and peptidases of starter §BlcSweeney, 1997). The number of
peptide peaks for all treatments was similar, wisighgests that the proteolysis for all

15



treatments broadly followed similar pathways, biffedences in peak area indicate that there
was more extensive proteolysis in MC cheese comgaréhe other treatments.

The individual FAA levels of all treatments at 1&0d 180 days of ripening are shown
in Fig. 4 (A and B). The major FAA determined ireelse were glutamic acid, valine, leucine,
phenylalanine, histidine and lysine; Bansal et2009) also reported that glutamic acid, valine,
leucine, phenylalanine histidine and lysine arepttiecipal FAA in Cheddar cheese after 180
days of ripening. No significant differencdsX 0.05) were found between treatments at 120
days of ripening. At 180 days of ripening, sigrafitly (P < 0.05) higher concentrations of
threonine, serine, glycine, alanine, valine, metime, isoleucine, phenylalanine, histidine and
proline were found in control and SC cheese thahdhMC and PC cheese. No significant
differences P > 0.05) were found between treatments in the leviedspartic acid, glutamic
acid, leucine, tyrosine and arginine. From 120860 days of ripening, the concentrations of
glutamic acid, alanine, leucine, tyrosine and pltedagine increased significantli? & 0.05)
for all treatments, while only control and SC cleebad a significant increase in the
concentration of threonine, glycine, valine anddaoine. The total FAA levels of all
treatments at 120 and 180 days of ripening are shiowig. 4 (C). No significant differences
(P > 0.05) were found between all treatments at 138 d&ripening, but significantly higher
(P < 0.05) levels of total FAA were found in contrélezse than in MC and PC cheeses at 180
days of ripening. No significant differencds% 0.05) were found between control and SC
cheese at 180 days of ripening.

Fox and McSweeney (1996) reported that peptidalsetaiier and non-starter lactic
acid bacteria are the principal agents releasing FACheddar cheese during ripening. No

16



significant P > 0.05) differences were found for the numbergaifter bacteria and NSLAB
between treatments in this study (result not shoingrefore, the release of the FAA by
starter and NSLAB should not have been an influémdeis regard, and so the reasons for this

difference is not clear.

3.4. Plasmin and residual chymosin activitiesheese

The plasmin activity of MC cheese was significarfy< 0.05) higher than that of the
other cheese batches (Table 3) which is consigtiéimthe result of urea PAGE electrophoresis.
The plasmin activity of PC cheese was significafyx 0.05)lower than that of the other
cheese samples. As the pH increases, the hydrafy8i€N increases since plasmin has an
alkaline optimum pH (Watkinson et al., 2001).

Aaltonen and Ollikainen (2011) reported that iffitration, with the removal of whey
protein, the concentration of inhibitors of botlaghin and plasminogen activators decreases,
which promotes the conversion from plasminogendsmin and thus increases plasmin
activity. In this study, MCC was made using midtadition, which may have enhanced the
plasmin activity of retentate by removing inhibgan the permeate, resulting in the higher
plasmin activity and morg-CN breakdown.MC cheese showed significar®y(0.05) higher
residual chymosin activity compared to the otheattments (Table 3), which is consistent with
the faster breakdown ok;-CN in that cheese. No significant differencBs>(0.05) were
found between the residual chymosin activitiesaftml and SC cheese, so the recombination
of fat and skim milk did not affect the retentiohcoagulant during cheese manufacture. The

17



residual chymosin activity of PC cheese was sigaiftly < 0.05) lower than that of control
cheese. The MC cheese apparently retained morelesagompared with control, SC and PC
cheeses; the percentage of retained chymosin asehmurd depends on the pH at the
curd-cutting stage, pH at whey drainage, cookingpierature and method (Hurley et al.,

1999).

3.5.  Texture profile analysis

No significant change$(> 0.05) were found in the hardness of MC and PE@sé=
from 60 to 180 days of ripening (Fig. 5). The haskof control cheese significantly €
0.05) decreased between 60 and 120 days of ripentite that of SC cheese significantly
(P <0.05) increased. At 60 days of ripening, the hasd of control cheese was significantly
(P < 0.05) higher than that of SC and PC cheesesigddisant differencesH > 0.05) were
observed in the hardness of the cheeses madefesedif treatments at 120 and 180 days of
ripening. Chevanan and Muthukumarappan (2007) tegpahat the contents of calcium,
phosphate, and residual lactose affect the tepnafde of Cheddar cheese. The cheese-milk
of SC, MC and PC samples was reconstituted acaptdithe compaosition of control
cheese-milk, which would not influence lactose eontin this study, extra calcium chloride
was added to all treatments, but the addition wiwa chloride does not cause significant
changes to the texture of ripened Cheddar cheesslé®, Ong, Powell, Kentish, & Gras,

2015).

18



From 60 days to 180 days of ripening, the springgrend cohesiveness of MC
cheese decreased, and the springiness and colessva&MC and PC cheeses were
significantly P < 0.05) higher than that of control and SC che¢$® and 180 days of
ripening. At 120 days of ripening, the springinebMC cheese was significantli? &

0.05) higher than that of the other treatmentstaactohesiveness of MC and PC cheeses
was significantly P < 0.05) higher than that of control and SC cheserard et al. (2006)
found that higher pH of Cheddar cheese was assdoreth increased springiness and
cohesiveness; the pH of MC cheese was significia#y0.05) higher than that for the other
treatments (Table 2), which may explain the ina@eas springiness and cohesiveness.
O’Mahony et al. (2005) reported that, as levelsexfondary proteolysis increase, the
charged groups released from peptides would ageogith free water, which may lead to

increased cohesiveness and springiness duringmgpen

3.6.  Meltability

Meltability (percentage increase in diameter) oé@dtar cheeses was determined by
the Schreiber method; results are shown in Fighe.four types of cheeses showed
increases in meltability between 60 and 180 day€0fand 120 days of ripening, no
significant differencesR> 0.05) for meltability were found between contiotl SC cheese.
Significantly P < 0.05) higher meltability was found in control else compared to SC
cheese. At 60, 120 and 180 days of ripening, theatyibty of MC cheese was significantly
higher P < 0.05) than that of cheese from the other treatsnét 120 and 180 days of
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ripening, the meltability of PC cheese was sigatfity lower P < 0.05) than that of cheese
from the other treatments.

The lower meltability of PC cheese may be causetth&yhanges of casein in
protein during drying of milk powder. Moiseev, Skoka, and lakovchenko (2017)
reported that mozzarella cheese made with recatedihon-fat milk powder has lower
meltability than the control, due to the drying gees of non-fat milk powder decreasing the
stability and dispersity of casein micelles andnpoting demineralisation of calcium salts.
Dave et al. (2003) found that the meltability ofzrarella cheese is related to the breakdown
of (0s-CN andas;-CN (f24-199)) and breakdown of intg&icasein, while Bogenrief and
Olson (1995) reported that hydrolysispfetasein increases the meltability of Cheddar
cheese. Hydrolysis @fcasein is primarily related to the action of plas(kigel, McMahon,
Oberg, & Broadbent 1984) and, although both MCR@ctheeses were made from powder,
and showed a higher breakdownugf-casein ang-casein, the meltability of MC cheese

was significantly higher than that of PC.

3.7.  Dynamic small amplitude oscillatory rheology

The results of the rheology of meltability of akkatments at 180 days of ripening are
shown in Table 4. Higher LT value indicates a hrgisdent of melting (Lucey, Johnson, &
Horne, 2003). MC cheese showed significantly higRes 0.05) LTyax values than PC
cheese, followed by control and SC cheese. Thedmatype at L .«0f MC and PC cheeses
was significantly higherR < 0.05) than that of control and SC cheese. Thg,Li§ an
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indicator of cheese meltability (Mounsey & O’Riordd 999); the more thermal energy
needed to melt cheese, the higher thgkiEemperature of cheese will be.

In the Schreiber test for cheese meltability, M@ese also exhibited the highest
percentage increase in diameter (Fig. 4). There Wigferences between Schreiber melting
test and dynamic small amplitude rheology for can®C and PC cheese. Cooke,
Khosrowshahi, and McSweeney (2013) stated thagreiffces between results generated by
those tests may be linked to the more completenédiing during the higher temperature of
the Schreiber melting test. MC cheese exhibiteddwest temperature when LT =1
compared with the rest of the treatmef®s(0.05). At the point of LT = 1, cheese is
considered to start transforming from a solid tasaous form (Gunasekaran & Ak, 2002).
MC cheese thus commenced melting at the lowestdetyre and had the highest
meltability compared to the other treatments, wimey be linked to the more extensive

proteolysis of casein.

3.8. Cheese colour

The colour values of samples at 180 days of riggane shown in Table 5.
Whiteness (L* values) of control, SC cheese wasitgntly higher P < 0.05) than that of
MC cheese at 180 days of ripening. The greenneS&Codnd PC cheeses was significantly
lower (higher a* values) < 0.05) than that of control or SC cheese at 188 daripening.
The yellowness (b* values) of MC cheese was sigaiifily lower P < 0.05) than that of SC
cheese at 180 days of ripening. Ibafiez et al. (2@pwrted that the whiteness of cheese may
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be related to proteolysis; lower whiteness of M@eade may thus be attributed to higher
proteolysis. The\E 4, values are also shown in Table 5. Sharma and (BaE8) reported
thatAE 4, of above 2.3 leads to a just noticeable differdddtD) and, on this basis, overall,
no JND was found between control cheese and thex ttratments. Overall, no visible
difference was found between the cheeses madegrotain ingredient and control and SC

cheese.

4. Conclusions

Cheddar cheeses were made from standardised anékesskim milk with cream,
reconstituted MCC with cream and reconstituted LHSMth cream according to the same
casein, fat and lactose content. Only minor diffiees in composition were found with cheese
made from reconstituted MCC with added cream coetpaiith control cheese. The cheese
manufactured with MCC had significantly highéx< 0.05) levels of pH 4.6-SN/TN than
cheese manufactured with skim milk or LHSMP witbain. The level of intagtandas;-CN
of MC cheese was lower than rest treatments, demsiwith significantly P < 0.05) higher
plasmin and chymosin activity. No significant diéace P > 0.05) were found in hardness
between all treatments. Significantly highBr<0.05) springiness and cohesiveness were
found in cheese manufactured from MCC and LHSMPdmwmeltability and maximum loss
tangent in MC cheese were significant®y< 0.05) higher than that of the other treatments. No
overall differences of colour were found betwedrtrahtments. Use of novel casein-dominant
dairy streams such as MCC has potential for prednicif Cheddar cheese with tailored
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functionality. The results of this study suggesit tinsing reconstituted LHSMP with cream for
the manufacture of Cheddar cheese may result imggisain functionality, while using

reconstituted MCC with cream for the manufactur€béddar cheese may be more feasible.
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Figurelegends

Fig. 1. Storage modulus (G’) of rennet gel of contr@®)( SC @), MC (¥) and PC A)

samples, under strain of 0.01 and frequency of .1 Hz

Fig. 2. Urea-polyacrylamide gel electrophoretograms of @mdr{C), skim milk with cream
(SC), reconstituted micellar casein concentraté wieam (MC) and reconstituted low heat
skim milk powder with cream (PC) cheeses at 60,dr#)180 days of ripening. Sodium
caseinate (S) was used as standard on both sides gél. The figure corresponds to data for

one of the three cheese replicates; all replicatre similar.

Fig. 3. Ultra-performance liquid chromatograms (UPLC desfj G column) of pH 4.6-
soluble extracts from control (A), SC (B), MC (G)daPC (D) cheeses at 180 days of
ripening, at wavelength of 214 nm. The figure cepands to data for one of the three cheese

replicates; all replicates were similar.

Fig. 4. Individual FAA results of cheese samples at 120 (A) and 18@&gs of ripening and
total FAA results of cheese samples at 120 andda§8 of ripening (C). Control), SC
(M), MC (J) and PCIl ). Values are means of three indeg@ridals; means not sharing a

common letter differ® < 0.05). Error bars indicate standard deviation.

Fig. 5. Changes in (A) TPA hardness, (B) springiness ana¢¢@esiveness of cheese
samples from 60 to 180 days of ripening. Contllb),(SC @), MC () and PC Il ).
Values are means of three independent trials; matath® same time point not sharing a

common letter differ® < 0.05). Error bars indicate standard deviation.



Fig. 6. Meltability (diameter increase, %) of cheese sasiplem 60 to 180 days of
ripening Control @), SC @), MC (1) and PC [l ). Values are means of three
independent trials; means at the same time poirghmring a common letter diffdP €

0.05). Error bars indicate standard deviation.



Tablel

Rheological properties of rennet-induced coagulusalenfrom control, skim milk with
cream (SC), reconstituted micellar casein concenwéh cream (MC) and reconstituted
low heat skim milk powder with cream (PC).

Sample Gelation time G’ at 90 min Loss tangent at 90 min
(min) (Pa)

Control  7.8%(0.58) 143.5°(31.66) 0.26(0.003)

SC 7.78(0.71) 169.5(17.68) 0.27(0.028)

MC 9.29 (0.73) 74.23(6.71) 0.29(0.002)

PC 8.79(1.15) 91.02" (10.26) 0.2% (0.001)

& Gelation time refers to the time when G’ value Wigher than 1. Values are means, with
standard deviation in parenthesis, of three refditi#als; means within the same column

not sharing a common superscript letter differ gigantly (P < 0.05).



Table?2

Composition of cheeses made from control, skim mvitk cream (SC), reconstituted
micellar casein concentrate with cream (MC) andmetituted low heat skim milk powder
with cream (PC)?

Parameter Control SC MC PC
Moisture (%) 38.4%(0.41) 37.41(0.41) 37.86(1.43) 39.31(1.14)
Fat (%) 35.28(2.47) 35.78(2.13) 35.50(2.75) 34.83(2.12)
Protein (%) 23.850.71) 24.12(0.95) 23.44(0.95)  23.73(1.47)
Salt (%) 1.5%(0.11)  1.48(0.10) 1.76(0.10) 1.66°(0.07)
MNFS (%) 59.33 (0.65) 58.22 (0.65) 58.61 (2.21) 38Q(1.75)
FDM (%) 59.50 (3.00)  58.14 (1.87)  59.22 (2.94)  883.59)
pH at 14 days 5.6%0.09) 5.08(0.07) 5.23(0.14) 5.08(0.11)
pH at 30 days 5.57(0.04) 5.01(0.04) 5.28 (0.04) 5.14(0.08)
pH at 60 days 5.§70.07) 5.1%(0.07) 5.26(0.07) 5.12" (0.03)

pH at 120 days 5.£%0.09) 5.17(0.06) 5.48(0.04)  5.28°(0.03)
pH at 180 days 5.640.03) 5.07 (0.04) 5.32(0.10)  5.1%(0.07)
pH 4.6-SN/TN 23.0¥ (1.22) 22.2%(1.23) 25.89(1.65) 19.71(2.03)

& Data taken for moisture, fat, protein, salt, maistin non-fat substance (MNFS) and fat
in dry matter (FDM) at 14 days of ripening, pH weduat 14—-180 days of ripening, and pH
4.6-SN/TN levels at 180 days of ripening. Values means, with standard deviation in
parenthesis, of three independent trials; meartsmtbhe same row not sharing a common
superscript letter differ significantly?(< 0.05). There were no significant differences
found for MNFS or FDM.



Table3

Plasmin activity and residual chymosin activitychieeses made from control, skim milk
with cream (SC), reconstituted micellar casein eotrate with cream (MC) and
reconstituted low heat skim milk powder with cre€) at 180 days of ripening.

Treatment Plasmin activity Residual chymosin activity
(nmol AMC mL* min™) (% of control)

Control 0.572(0.121) 108

SC 0.658 (0.185) 106.0%(4.89)

MC 1.116 (0.024) 132.5%(3.81)

PC 0.396(0.042) 80.74(6.61)

 Data are means, with standard deviation in paesighfrom three independent trials; means

within the same column not sharing a similar sup@ssletter differ significantly P < 0.05).



Table4

Rheological properties of cheeses made from cqrgkah milk with cream (SC),
reconstituted micellar casein concentrate withror@slC) and reconstituted low heat skim
milk powder with cream (PC) at 180 days of ripenfhg

Sample LThax Temperature at Lifax Temperature at LT = 1
(°C) (°C)

Control  1.25(0.31) 70.58(0.70) 62.02(0.58)

SC 1.42(0.33) 71.38(2.49) 61.89(2.88)

MC 2.93(0.33) 77.78(1.91) 55.24(1.57)

PC 1.92(0.18) 75.64(4.75) 58.93(1.58)

@ Rheological parameters assessed by dynamic smplitade oscillatory rheology. Data are
means, with standard deviation in parenthesis, ttoee independent trials; means within
the same column not sharing a similar supersctpn differ significantly P < 0.05).



Table5

CIE LAB colour values of cheeses made from congkiimn milk with cream (SC),
reconstituted micellar casein concentrate withror@slC) and reconstituted low heat skim
milk powder with cream (PC) after 180 days of rijpgn®

Sample L* a* b* AE 2
Control  81.08(1.81) —4.42(0.23) 36.7% (2.42) -

SC 80.9% (1.19) —4.38(0.32) 37.43(1.53) 1.82
MC 79.34 (1.56) —3.88(0.29) 35.56(1.43) 0.15
PC 79.78° (0.85) —3.46(0.54) 36.0%° (0.89) 1.47

@ CIELAB data are means, with standard deviatioparenthesis, of five replicate analyses
from three independent trials WiltE .y, calculated from CIELAB results, between control
and each treatment after 180 days of ripening. El&athin the same column not sharing a
similar superscript letter differ significantli? & 0.05). The just noticeable differences of

AE apwas approximately 2.3.
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