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ABSTRACT

TheCinisarais an autochthonous Sicilian bovine breed rearauhiynfor production of
Caciocavallo Palermitano, a typical stretched-alrelese. The distribution of A and B alleles at
both thef3-lactoglobulin (LGB) ank-casein (CSN3) loci i€inisaracows and their influence on
milk traits and cheese yield and composition weraysed. The LGB alleles are associated with
significantly different effects on whey protein &\{lower for BB genotype?<0.01), and casein
index (higher value for BB genotyple<0.001), while CSN3 alleles were associated with
significantly different effects on milk yield an@dagulation properties; the BB genotype showed
higher values for milk yieldR<0.01) and curd firmnessg@P<0.01 and a2P<0.01) and lower
values for coagulation and curd firming timi&<Q.01) than the AA genotype. Cheese made with
LGB BB milk showed higher percentage protein recp\{E<0.01); cheese made with CSN3 BB

milk showed higher percentage fat recovétyd.05).
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1. Introduction

The protection of autochthonous genetic resousassirategic tool to maintain the history
and the culture of particular habitats, the ecaabsystems, and the local products that often show
specific organoleptic and nutritional charactecstiAll autochthonous breeds, thanks to natural
selection, are adapted to their specific envirorsjeautochthonous breeds are also more disease-
resistant and are able to survive, reproduce apdiuge in harsh environmental conditions in which
other more productive breeds fail to capitalisalair genetic potential. As a consequence,
autochthonous breeds are an important tool forerwasion of animal biodiversity (Ciotola et al.,
2009). In this context, the production@éciocavallo Palermitano cheese, made Witfisara
milk, can assist local economic development andrimrie to the protection of indigenous genetic
resources, since it is characterised by a strakgwith the autochthonous breed and the territory.

TheCinisarabreed is a dual-purpose bovine population rear&ldily. The main
distribution areas consist of the agricultural nr@agareas in the province of Palermo, with an
average herd size of 25 animals (DAD-IS databa&®,2016). The breed is characterised by
medium size, black colour and a strong resistamtieet summer high temperatures typical of the
region; these cows produce about 3700 kg of mitkgation (AIA, 2014). Since the number of
individuals (about 5000 heads) is low, tbmisarabreed belongs to the “Italian Registrar for native
cattle with a limited diffusion”Registro Anagrafico delle razze bovine autoctohiedata
diffusiong.

The importance ofinisarabreed, which is a Slow Food presidium, reliestercapability
to exploit difficult environments and areas othesvunsuitable for other breeds, and on the
production of Caciocavallo Palermitano cheese, lwilsaged for up to one year and is available
during all four seasons. According to Bonanno e(26113), extensive farming systems with cows

fed at pasture are beneficial for physical, chemarad sensory characteristics of this cheese,
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production of which is based on traditional teclueis| involving the use of wooden tools and
addition of lamb or kid rennet.

Of course, dairy production is also affected bykmpilotein variants. The description of the
first milk protein polymorphism can be traced b&ek 955, when Aschaffenburg and Drewry
(1955) discovered the two most frequBdactoglobulin (LGB) alleles, A and B. At presehi,
alleles are known at this locus (Caroli, Chess&rardt, 2009; Farrell et al., 2004; Gallinat et al
2013), which is located on chromosome BTA11l (Ha§é%etit, 1993). Later studies showed that
LGB alleles greatly influence th&lactoglobulin content of milk, with a reduced dyesis for cows
with the LGB B allele compared with LGB A allele albout 25%. Furthermore, LGB BB milk
shows a higher amount of total casein, from +0.@8%0.13%, as well as a lower level of whey
proteins (—12%). These differences are associaitbdawotable positive effect of the LGB B allele
on cheese-making parameters (Di Stasio & Marigd®d®02 Heck et al., 2009).

The polymorphism at thie-casein locus (CSN3) was the last to be discovdredd.locus is
located on chromosome BTAG in a 250-kb stretch wiiee four casein genes (CSN1S1, CSN2,
CSN1S2, and CSNQ3) are clustered (Ferretti, Leon8g&amella, 1990; Threadgill & Womack,
1990). At present, at least 12 variants are knovtheaCSN3 locus, with A and B alleles being the
most frequent (Caroli et al., 2009). Several stithi@ve reported conflicting results on the effetts
these two alleles on some dairy traits. Nearlgtalties reported that the CSN3 B allele is
associated with higher levels of total protein aigher amounts and proportions of caseins in milk
compared with CSN3 A allele (for a review see st & Mariani, 2000). On the other hand, no
effect of the CSN3 alleles was observed on praaohcasein content in milk by Graml,
Buchberger, Klostermeyer, and Pirchner (1985) aitgEN et al. (2009). Furthermore, the CSN3 B
allele has been associated with a higher cheekkigieheeses such as Cheddar, Mozzarella,
Parmigiano-Reggiano, Svecia, and Gouda (Buchbé&dmv¢, 2000). As far as milk coagulation

properties, several studies consistently assoctaee@SN3 B allele with a more uniform micellar
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pattern and consequently a lower coagulation tintegreater curd firmness (Bittante, Penasa, &
Cecchinato, 2012; Di Stasio & Mariani, 2000). Imtrast, the CSN3 E allele is associated with
unfavourable milk coagulation properties (Carol)IB, Budelli, Barbieri, & Leone, 2000; J6udu et
al., 2009; Kubarsepp et al., 2006), probably duteégoresence of micelles with a low percentage of
K-casein (Ikonen, Ojala, & Syvéoja, 1997).

The aim of this study was to charactef@nisarabreed for LGB and CSN3 loci and, for
the first time in this breed, analyse the influentéhese loci on milk traits, cheese yield and

composition.

2. M aterials and methods

2.1. Animals and Management

A total of 326Cinisaralactating cows, from 15 farms located in the tgpigroduction area
of Caciocavallo Palermitanaheese (Sicily, Italy), were analysed. In thesm$ animals were
reared in an extensive system and, during the gpeniod from mid-March to late May, fed mainly

with natural pasture.

2.2. DNA Analysis

Blood samples were obtained from the coccygeal uging Vacutainer (Becton, Dickinson
and Company, Franklin Lakes, NJ, USA) tubes comgipotassium ethylene diamine tetra-acetic
acid (K-EDTA). DNA from 20QuL of whole blood was extracted using NucleoSpindslo

QuickPure (Macherey Nangel, Germany) following @liite procedures.
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A 397 bp fragment of the CSN3 gene was amplifiethf826CinisaraDNA samples using
the following primers: forward C1 5’CCAAGCCCAGCCAABCCAZJ’; reverse C2:
S’AGCCCATTTCGCCTTCTCTGTAAS..

A 422 bp fragment of the LGB gene was amplifiedrfrthe same DNA samples using the
following primers: forward L1 5TCTCCCTGGCTCCATCTGA TC3’; reverse L2:
5’GGAAGCAGGTGGCACGGCAGT3..

PCR reactions for both CSN3 and LGB amplificatiogrevcarried out in a final volume of
50 puL containing 200 ng DNA, 1X PCR buffer, 3utMgCI2, 400um dNTPs, 20 pmol each
primer, and 2.5 U Taqg DNA polymerase (Promega, USA)

The PCR reactions were accomplished as follow: teation for 45 sec at 95 °C;
annealing/extension for 1 min at 70 °C, for 35 egdior both amplifications. The CSN3 PCR
products were digested separately withdlll andHadll restriction endonucleases to distinguish
A and B alleles and A and E alleles, respectivdlile LGB PCR products were digested wiihl
restriction endonuclease to identify A and B abel@he PCR-RFLP products were analysed on 2%

agarose gels stained with ethidium bromide.

2.3. Milk and cheese, sampling and analysis

Three hundred and seven individual milk samplefecied during the morning milking,
were analysed for fat, lactose and somatic celhtby an infrared method (Combi-foss 6000, Foss
Electric, Hillergd, Denmark). The pH and titratabtadity were measured by a pH meter (HI 9025;
Hanna Instruments Inc., Ann Arbor, MI, USA) andSaxhlet-Henkel degrees (°SH 50 HL
respectively. Total nitrogen (TN), non-casein rgga (NCN) and non-protein nitrogen (NPN) were
determined by standard FIL-IDF procedures (FIL-IR864, 1993) according to milk nitrogen
fractions indicated by Aschaffenburg and Drewry59P From these nitrogen fractions, total

protein (TNx6.38), casein {[(TN-(NCNx0.994)]x6.38khey protein [[NCN-NPN)x6.38] and
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casein index [casein/(TNx6.38)] were calculatediMidual milk samples were evaluated for
clotting parameters by measuring clotting timen(im), curd-firming time (k, min), curd firmness
(ago, mm) and curd firmness after 3 times the clottinge (a&;, mm) with a Formagraph instrument
(Foss Electric).

A laboratory micro cheese-making process was deeelto manufacture pressed-curd type
cheeses from each of 307 individual milk samplés Main equipment consisted of a heater fitted
with thermostat and a four water baths equippel widigital temperature controllers and pumps
for water mixing to ensure homogeneous temperakwery water bath could contain 6 vats
(capacity 2000 mL); thus, the apparatus alloweadgssing of 24 samples simultaneously. The milk
samples collected from each farm were processeadgitite same cheese-making trial, and so 15
batches of cheeses were manufactured, each condisgdo the farm of origin. Each refrigerated
(4 °C) sample of raw and whole milk (1700 mL), @néd in a pyrex glass beaker, was heated in
the water bath for about 30 min to reach 37 °CeAdiddition of 8.75 mL calf liquid rennet
(1:15,000, 80 = 5% chymosin, and 20 + 5% pepsim;, Bansen, Parma, Italy) diluted in distilled
water (1.6:100), milk was maintained at 37 °C fdr antil coagulation. The curd was then broken
using a glass stick until it was reduced into sroables like rice grains. After cooking at 80 °C 4or
min in the water bath, the curd was removed froenibaker and pressed with hands into a
cylindrical, perforated plastic mould of 10 cm digter to drain the whey, and turned every 3 min to
facilitate draining. After 15 min, each mould wasdin the water bath at 60 °C for 1 h. Then the
cheese was placed on a flat surface for drainimgghved after 1 h, and transferred to a cellar for 7
days at a temperature of 16 °C and a relative hityrofl 80%. For each sample, cheese yield at 1 h
and 7 days and water loss between days 1-7 werguneeia

Individual cheese samples at 7 days were analysethémical composition and physical
characteristics. Cheeses were evaluated, usindasth&IL-IDF methods, for dry matter (IDF,
1982), protein (IDF, 1964a), fat (IDF, 1986) antd @®F, 1964b) content. Fat and protein recovery

in cheese were calculated as percentage of faprantein in the cheese with respect to the fat and
7
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protein content in the corresponding milk. Cheddeyas measured directly with a pH-meter

equipped with a spear electrode FC 200 (HI 902%inddnstruments Inc.).

2.4. Statistical analysis.

Statistical analysis was performed using the GLbcpdure of SYSTAT 13 (SYSTAT
2009, Software Inc., Chicago, IL, USA) and analys@uded CSN3 genotype (AA, AB, BB), LGB
genotype (AA, AB, BB), days in milk classes (DIM:1D1, 102-203, 204-305), farm (FM: 1-15)
and the interaction CSN3 x LGB as fixed factorse @ifferences between means were tested with
Fisher's LSD test. Significance was declareB<Q.05, and tendencies were declared at
0.05<P<0.10. Pearson's correlation coefficients and Boafemprobabilities were calculated

between the parameters measured in this study.

3. Results and discussion

3.1. CSN3 and LGB genotyping

A total of 326Cinisaracows were typed at the CSN3 and LGB loci; genogyue allele
frequencies observed at both loci are shown ind @btogether with those reported by Chiofalo,
Micari, and Sturniolo (1981) ar@duastella, Marletta, Bordonaro, and D’Urso (20@)ly two
animals with the CSN3 AE genotype were identifiad are not considered in Table 1 and for the
following analyses. This is the first time thatroans of CSN3 E allele were reported in Dimisara
breed. The identification of carriers of the CSNallele should be monitored by breeders to avoid
an increase in the frequency of this allele, whschssociated with poor milk coagulation properties
(Caroli et al., 2000). According to data shown able 1, genotype distributions at both loci are in

Hardy-Weinberg equilibrium (Falconer & Mackay, 199Burthermore, comparison with data of
8
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Chiofalo et al. (1981) and Guastella et al. (20€f®ws that, in the last 34 years, LGB allele
frequencies did not change, whereas the CSN3 B dtkequency was reduced by about 11% in the

Cinisarabreed.

3.2. Effects of CSN3 and LGB loci on milk traits

The least-squares means and standard errors foand| cheese analysed traits are given in
Table 2, and indicate that genotypes at the CShiBslsignificantly affect milk yield. In particular,
CSN3 BB and AB cows produce a significantly higheantity of milk than do CSN3 AA cows
(i.e., 12.6 and 12.0 versus 9.9 kg dagespectively). These results show that, to irseemilk
yield, the actual decreasing trend of the CSN3l@&afrequency, in the Cinisara breed, should be
reversed. Furthermore, LGB AA cows show a tend€Re¥.10) to produce more milk than LGB
BB and AB cows (i.e., 12.8 versus 10.8 and 10.8&g, respectively). These results, together
with those of several authors who observed bothifssgnt and null effects of the different CSN3
and/or LGB genotypes on milk yield (Bonfatti, Di Miao, Cecchinato, Vicario, & Carnier, 2010;
Deb et al., 2014; Gonyon et al., 1987; lkonen, &j& Ruottinen, 1999; Lin et al., 1989; Van
Eenennaam & Medrano, 1991), can be explained kgadja disequilibrium between alleles of the
analysed loci and quantitative trait loci (QTLsheating milk yield. In fact, analysis of the
chromosomal distribution of the QTLs affecting tragiability of bovine productions
(www.animalgenome.org and references therein) shbatdoth the CSN3 (BTA6) and LGB
(BTA11) loci are embedded in genomic regions whikfferent authors have identified QTLs with
effects on milk yield in different breeds.

As a consequence, dominance effects in the twadmtgous genotypes and the strongly
significant interaction (epistasis) between theselbci for milk yield (Table 2) could be ascribed
to QTLs rather than to CSN3 and LGB loci. In paride, analysis of data in Table 2 shows that

dominance effects are +0.75 kg ddgr CSN3 and —0.9 kg d&yor LGB, whereas data obtained
9
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from cows clustered according to the two genotypes shown) reveal that the maximum value of
epistatic interaction (+0.78 kg daycorresponding to a 7.5% higher daily milk prodwe} is
observed in the homozygous CSN3 BB x LGB AA genesyp

LGB genotypes significantly affect non-casein rgea level P<0.01), whey protein level
(P<0.01), and casein indeR<€0.001). In particular, the LGB BB genotype wasoassted with
significant lower non-casein nitrogen and whey g@irotevels, and higher casein index. In the
Cinisarabreed, we observed the same results as were tniBigeported by several authors in
different breeds (for a review see Di Stasio & Marj 2000). The effects of the LGB BB genotypes
on whey protein content, and consequently on casdex, were known since the first
identification of the polymorphism at the LGB lodi#sschaffenburg & Drewry, 1955), and could
be due to nucleotide differences in the promotgiores associated with differential LGB allelic
expression (Martin, Szymanowska, Zwierzchowski, &dux, 2002).

Analyses of clotting parameters (Table 2) showedl @EN3 BB milk has shorter
coagulation and curd firming times and strongeddiurmness (g) compared with CSN3 AA and
AB milk. Again, the results that were observedtfase parameters in t@nisarabreed agree
with those consistently reported by several autfforsa review see Bittante et al., 2012) and could
be determined by an effect of the CSN3 polymorphesnthe stabilisation and size of casein
micelles (Walsh et al., 1998). In particular, th®N3 BB genotype is associated with a larger total
micellar surface, which facilitates the action efmet (Di Stasio & Mariani, 2000; Mariani et al.,

1976).

3.3. Effects of CSN3 and LGB loci on cheese-mgkangmeters

In Table 3, the effects of CSN3 and LGB genotypeslteese yield and composition are
reported. In contrast to what might be expectedting to the observed effects of CSN3

genotypes on clotting parameters and LGB genotgpesasein index, we did not observe any
10
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effects of genotypes at both loci on cheese yRichilar results were reported by Glantz, Lindmark
Mansson, Stalhammar, and Paulsson (2011). FurtmerBonfatti et al. (2011) found that bulk
milk with high CSN3 B content gave higher cheesddycompared with milk with a lower
proportion of CSN3 B. In this study, milk from cowsth CSN3 BB and LGB BB genotypes gave
a slightly higher cheese yield, and the differengitk the other genotypes did not reach significant
levels.

According to data shown in Table 3, genotypes CBR&nd AB are significantly
associated with greater fat recovery percentagbaese. In addition, CSN3 BB genotype is
associated, as a tenden®x(.10), with a lower cheese water loss during tist # days after
manufacture. This result could be due to the betitk-clotting parameters of the CSN3 BB and
AB milk, which could be responsible for an increaséat entrapment (Choi & Ng-Kwai-Hang,
2002; Mariani et al., 1976; Walsh et., 1998) anteweetention during the cheese-making process.
In this regard, Alipanah and Kalashnikova (2008paibserved a higher fat recovery in the curd for
milk produced by cows with CSN3 BB and AB genotyp&foreover, the LGB BB genotype is
significantly associated with a higher protein nemy in cheese (Table 3) as a consequence of the
effect of this genotype on casein index (Di Sta&sidariani, 2000) and on casein retention in curd
(Hallén, Lundén, Allmere, & Andrén, 2010). Thessulés are in accordance with those of Bittante,
Cipolat-Gotet, and Cecchinato (2013) who found gratein and, to a lesser extent, fat recovery in
curd have higher heritabilities than those of fad arotein content in milk. Nevertheless, in this
study, the higher fat and protein recoveries iresks from CSN3 BB and AB genotypes, and the
LGB BB genotype, respectively, showed only weak maodsignificant effects in increasing cheese
yield. However, on the whole, the cheese yield esped as DM percentage was moderately
correlated with both fat (r = 0.48<0.001) and protein recoveries (r = 0.880.001), as already
observed by Bittante et al. (2013). Finally, sicbeese yield and the recovery of milk components
are strongly influenced by cheese-making techno(@ygolat-Gotet, Cecchinato, De Marchi, &

Bittante, 2013; Jakob & Puhan, 1992), and we useiteo cheese-making procedure, further
11
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analyses are necessary to evaluate if similartsesah be observed for the production of
Caciocavallo Palermitano cheese, which requiraffereht cheese-making procedure and is

normally subjected to a longer period of ripening.

4. Conclusions

In this paper, the effects of CSN3 and LGB gendatyge dairy traits measured in the
Cinisarabreed are reported for the first time. As expecéed in accordance with the results
observed by several other authors in differentdse€SN3 genotypes affected milk-clotting
parameters and LGB genotypes affected whey prp@icentage and casein index. In addition,
effects of the different genotypes at both lochaiik yield of theCinisarabreed were observed. In
this case, linkage disequilibrium between alleldsath loci and QTLs affecting milk yield could
explain the observed results, including interacgffects, with the consequence that the CSN3 and
LGB loci can be considered as genetic markershiarttait. Finally, no significant effects of the
genotypes at these loci on milk total casein cdraed cheese yield were observed. The higher
percentages of milk fat and protein retention, olesgtin cheeses from CSN3 BB and LGB BB,
respectively, are worth being further investigateth respect to the cheese-making processes used

to obtain the typical dairy products.
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Tablel

Genotype distributions and allele frequencies @@8N3 and LGB loci of the bovir@inisara breed:

Locus N Genotypes Allele frequencies  References
AA AB BB A B
CSN3 324 76 144 104 0.460 0.540 This study
248 58 79 111 0.393 0.607 Chiofalo et al. (1981)
156 29 85 42 0.458 0.542 Guastella et al. (2006)
LGB 326 20 97 209 0.210 0.790 This study
248 14 82 152 0.222 0.778 Chiofalo et al. (1981)

156 6 58 92 0.224 0.776 Guastella et al. (2006)

2 For this study, CSNg = 3.56,P>0.05; LGBy*= 3.50,P>0.05.



Table?2

Least square mean and standard error (SE) of nailis tand clotting parameters of genotypes-aasein (CSN3) anfl-lactoglobulin (LGB) loci ofCinisara

breed.
Item Genotype CSN3 Genotype LGB Significance
AA AB BB AA AB BB CSN3 LGB CSN3 x
LGB
Milk traits
Animals 72 133 102 20 95 192
Days in milk 15446 148+5 14745 148+8 150+4 151+3 ns ns ns
Milk yield (kg day") 9.9+0.57 12.0+0.18 12.6+0.57 12.8+0.8%  10.9+0.48  10.8+0.36 *k T ok
Somatic cells count (lagmL™) 5.26+0.0% 5.04+0.08 5.07+0.09 5.05+0.14 5.23+0.07  5.05+0.05 ns ns ns
pH 6.5+0.03 6.5+0.02 6.5+0.03 6.5+0.04 6.5+0.02 6.5+0.07 ns ns ns
Titratable acidity (°SH 50 mit) 3.9+0.14 4.1+0.11 3.8+0.14 3.8+0.20 4.0+0.10 4.1+0.07 ns ns ns
Fat (%) 3.39+0.14  3.41+0.12  3.33x0.14 3.17#0.20  3.49+0.1C  3.48%0.07 ns ns ns
Lactose (%) 4.99+0.04 5.00+0.03 5.02+0.04 5.02+0.06 4.98+0.03 5.02+0.02 ns ns ns
Total nitrogen (%) 0.594+0.010 0.593+0.010 0.588%0  0.590+0.020 0.590+0.010 0.591+0.010 ns ns ns
Non-casein nitrogen (%) 0.141+0.004 0.140+0.003 3&tD.004 0.145+0.006 0.141+0.003 0.132+0.002 ns *x ns
Protein(%) 3.79+0.06  3.78+0.05  3.73#0.05 3.77#0.09  3.7620.04  3.77+0.03 ns ns ns
Casein (%) 2.89+0.06 2.89+0.05  2.86+0.05 2.85+0.08 2.87+0.04  2.93+0.03 ns ns ns
Whey protein (%) 0.70+0.C2 0.69+0.02  0.67+0.02 0.72+0.04  0.70+0.02  0.64+0.0% ns ¥ ns
Casein index (%) 0.764+0.006 0.765+0.005 0.76749.00 0.755+0.008 0.763+0.004 0.778+0.003 ns kk g
Clotting parameters
Coagulation time (r; min) 18.8+0.69 18.1+0.58  16.0+0.76 17.6+0.99  18.0+0.49 17.3+0.37 *ox ns ns
Curd firming time (lg; min) 4.3+0.33°  3.3x0.28° 2.7+0.3% 3.7+0.48 3.4+0.24 3.1+0.18 i ns ns
Curd firmness (@; mm) 29.7+1.97 35.9+1.68 39.3+1.99 33.742.87  34.7+1.40  36.5+1.07 *ok ns ns
Curd firmness (g mm) 35.1+1.33  41.6+1.18 42.8+1.34 39.5+1.92  39.0+0.94  41.0+0.72 ¥k pnsons

&Means within a row with different superscript uppad lower case letters and with symbols diffeP<.01,P<0.05 andP<0.10, respectively. For

significance columns: ***P<0.001; **, P<0.01; 1,P<0.10; ns, not significant



Table3

Least square mean and standard error (SE) of cleeaggosition of genotypes atcasein (CSN3) angHlactoglobulin (LGB) loci of

Cinisara breed.

Item Genotype CSN3 Genotype LGB Significance
AA AB BB AA AB BB CSN3 LGB CSN3 x
LGB

Cheese yield at 1 h (%) 12.59+0.33 12.60+0.27 1A 12.21+0.47 12.81+0.23 12.92+0.17 ns ns ns
Cheese yield at 7 d (%) 11.07+0.29 11.16+0.24 HN2P 10.75+0.42 11.38+0.20 11.47+0.15 ns ns ns
Cheese water loss 1-7 days (%p.2+0.6¢ 11.2+0.56* 10.8+0.66 11.81+0.86  11.19+0.42 11.21+0.31 t ns ns
Dry matter (DM) at 7 d (%) 53.49+0.67 54.13+0.56 .9&®*0.67 53.15+0.97 53.62+0.47 53.82+0.35 ns ns *
Cheese yield 7 d (% DM) 5.88+0.16 6.00+0.13 6.0060. 5.70+0.23 6.04+0.11 6.14+0.08 ns ns ns
Protein (% DM) 49.62+0.90 49.75+0.75 49.53+0.90 50.51+1.30 49.061£0.62 49.34+0.46 ns ns ns
Fat (% DM) 35.29+1.23 36.74+1.03 35.48+1.23 35.29+1.78 36.28+0.86 35.96+0.63 ns ns ns
Ash (% DM) 5.14+0.11 5.20+0.09 5.38+0.11 5.42+0.16 5.16+0.07 5.15+0.05 ns ns T
Fat recovery in cheese (%) 61.09+F.6%55.90+1.36 64.90+1.63 64.77+2.36 63.34+1.13 63.79+0.84 * ns ns
Protein recovery in cheese (%) 80.26+0.67 79.865:0.380.49+0.67  78.9620.9%  79.97+0.47 81.70+0.35 ns * ns
pHat 7 d 6.03+0.09 6.16+0.07 6.17+0.08 6.17+0.10 6.09+0.07 6.11+0.07 ns ns ns

&Means within a row with different superscript uppad lower case letters and with symbols diffeP<.01,P<0.05 andP<0.10, respectively. For

significance columns: **P<0.01; *, P<0.05; t,P< 0.10; ns, not significant.



