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RIASSUNTO – Acidità del latte, tempo di rassodamento, consistenza del coagulo e perdite di grasso e di
proteina nella caseificazione a Parmigiano-Reggiano. – Sono state condotte 102 prove di caseificazione presso 3
caseifici in provincia di Parma. I campioni di latte sono stati prelevati da altrettante caldaie della capacità di
1100 kg ciascuna. Sui corrispondenti 102 campioni di siero sono stati determinati sostanza secca, grasso, pro-
teina e curd fines (particelle di cagliata). Le perdite di grasso e di proteina sono state pari a 17,50 e 26,82%,
rispettivamente. Il contenuto di curd fines è risultato di 108 mg per kg di siero. I parametri curd fines e perdi-
ta di proteina sono risultati correlati negativamente con l’acidità titolabile e con la consistenza del coagulo. Gli
stessi sono risultati correlati positivamente con il tempo di rassodamento del coagulo. Ciò dimostra il ruolo pri-
mario che questa caratteristica svolge nel determinismo delle proprietà reologiche della cagliata nella pro-
duzione del Parmigiano-Reggiano.

Key words: Parmigiano-Reggiano cheese, milk acidity, curd properties, cheesemaking losses.

INTRODUCTION – The cheese yield depends on the milk casein content and on the fat to casein ratio.
The efficiency of the milk transformation depends on curd particles (“curd fines”) that remain in the cooked
whey and on the losses of fat and casein as it is. These variables are related to the rheological properties of the
curd, and several milk characteristics, like acidity, reactivity with rennet, somatic cells, etc. (Barbano, 1994;
Lucey and Kelly, 1994). The Parmigiano-Reggiano cheese is a hard and long ripened cheese, based on forma-
tion and dehydration of an acid-rennet curd. The aim of this research was to study the entity of cheesemaking
losses in the Parmigiano-Reggiano manufacture and to make a relationship with titratable acidity and the
main rennet-coagulation properties of milk.

MATERIAL AND METHODS – The study was carried out on partially skimmed vat milk. This milk was
obtained by mixing the partially skimmed milk (by natural creaming for 12 hours) of the evening milking and
the whole milk of the morning milking. A total of 102 samples of milk (M), each one representative of 1100 kg
of milk and the corresponding 102 samples of cooked whey (W) were evaluated for the following parameters:
crude protein and casein M and W (Aschaffenburg and Drewry, 1959); IR fat M according to Biggs (1978) with
Milkoscan 134 A/B; Gerber fat W (Savini, 1946); lactodynamographic parameters M (Annibaldi et al., 1977)
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with Formagraph; titratable acidity M and dry matter M and W (Savini, 1946). Curd fines are determined by
the following method (van den Berg, 1973): 240 g of cooked whey are weighed into a tube and centrifuged for
15 minutes at 300 rpm; the supernatant is removed. The sediment is quantitatively poured into a Buckner fun-
nel containing a Watman 40 filter. The filter is dried in a stove for 2 h and then weighed. Curd fines are
expressed as mg of sediment in 1000 g of cooked whey. Cheesemaking losses (fat loss, dry matter loss, protein
loss) were calculated as follows (e.g. for fat loss): cooked whey fat (g/100 g) * 100 / vat milk fat (g/100 g). The
values were tested by analysis of the variance (SPSS). Correlations were calculated after logarithmic trans-
formation of the data.

RESULTS AND CONCLUSIONS – The partially skimmed vat milk had an average dry matter content of
11.69% (Table 1). Fat content on average was low. Fat to casein ratio was practically optimal for this particular
manufacture, however it manifested a wide variability (from 0.87 to 1.25). Fat content variability (min. 2.02%;
max. 3.13%) was higher than casein content variability, whose values were ranging from 2.11 to 2.65%.
Titratable acidity was 3.28 °SH per 50 ml of milk. This value tends to confirm the worsening of such important
dairy-technological property (Sandri et al., 2001; Castagnetti and Bertolini, 2002). The clotting time resulted
high (19.04 min). The curd firming time manifested a high variability (CV=45.92%). Also curd firmness showed
a marked variation (CV=27.85%); however, its average value (24.67 mm) was lower than what expected. The dry
matter of the cooked whey resulted equal to 7.74%. The fat content (0.46%) was characterised by a high vari-
ability. The crude protein was equal to 0.85%. Average values observed for cooked whey agree with the results
reported by Fossa et al. (1994). The relative loss of dry matter, equal to 66.30%, was included between a mini-
mum of 58.93 and a maximum of 72.89%. The loss of crude protein represented the 26.82% of the total nitro-
gen, in agreement with the data reported by Fossa et al. (1994). Fat loss, on average equal to 17.50%, was rang-
ing between a minimum of 12.15 and a maximum of 24.10%. Tedeschi et al. (1993) reported a value of 18.90%.

Table 1. Vat milk, cooked whey characteristics and cheesemaking losses
(see Materials and methods).

Mean±ds min. max.

Vat milk(1)

Dry matter g/100g 11.69±0.36 10.67 12.45
Fat g/100g 2.64±0.24 2.02 3.13
Crude protein g/100g 3.17±0.13 2.76 3.40
Casein g/100g 2.45±0.11 2.11 2.65
Titratable acidity °SH/50 3.28±0.11 3.00 3.60
Clotting time, r min 19.04±2.27 14.50 23.75
Curd firming time, k20 min 7.84±3.60 2.75 22.00
Curd firmness, a30 mm 24.67±6.87 9.44 38.10

Cooked whey
Dry matter g/100g 7.74±0.38 6.91 8.59
Fat g/100g 0.46±0.10 0.30 0.70
Crude protein g/100g 0.85±0.04 0.76 0.93
Curd fines mg/kg 108±49 25 325

Cheesemaking losses
Dry matter % 66.30±3.07 58.93 72.89
Fat % 17.50±3.12 12.15 24.10
Crude protein % 26.82±0.82 23.45 28.58

(1)Partially skimmed milk (see the text).
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The curd fines resulted negatively correlated both with titratable acidity (r=-0.22) and with curd firmness
(r=-0.23) (Table 2). The same parameter was positively correlated with curd firming time (r=0.22). Also protein
loss was positively correlated with curd firming time (r=0.25), while it was negatively correlated both with
titratable acidity (r=-0.27) and with curd firmness (r=-0.21). These results indicate that the micelle aggrega-
tion rate can play a role, together with other factors, in the determinism of the rheological properties of the
curd in the Parmigiano-Reggiano cheese manufacture.

Table 2. Correlations between titratable acidity, milk properties and cheesemaking losses.

Titratable acidity Clotting time Curd firming time Curd firmness

Curd fines – 0.22 * 0.15 0.22 * – 0.23 *

Dry matter loss – 0.13 0.14 0.16 – 0.16

Fat loss – 0.12 0.08 0.16 – 0.14

Crude protein loss – 0.27 ** 0.12 0.25 * – 0.21 *

* P<0.05; ** P<0.01

ACKNOWLEDGEMENTS – Research supported by Emilia-Romagna Region.

REFERENCES – Annibaldi, S., Ferri, G., Mora, R., 1977. Nuovi orientamenti nella valutazione tecnica
del latte: tipizzazione lattodinamografica. Sci. Tecn. Latt.-Cas. 28:115-126. Aschaffenburg, R., Drewry, J.,
1959. New procedure for the routine determination of the various non-casein protein of milk. XVth Intern. Dairy
Cong. 3:1631-1637. Auldist, M.J., Johnston, K.A., White, N.J., Fitzsimons, W.P., Boland, M.J., 2004.
A comparison of the composition, coagulation characteristics and cheesemaking capacity of milk from Friesian
and Jersey dairy cows. J. Dairy Res. 71:51-57. Barbano, D.M., 1994. Overview. Influence of mastitis on cheese
yield. IDF, Brussels, Belgium, s.i. no. 9402, 48-54. Biggs, D.A., 1978. Instrumental infrared estimation of fat,
protein, and lactose in milk: collaborative study. J. AOAC 61:1015-1034. Bynum, D.G., Brown, N.F., 1982.
Influence of curd firmness at cutting on Cheddar cheese yield and recovery of milk constituents. J. Dairy Sci.
65:2281-2290. Castagnetti, G.B., Bertolini, L., 2002. Rilevazione degli attuali valori dell’acidità titolabile del
latte massale bovino ottenuto da allevamenti compresi in una zona di pianura nell’ambito del comprensorio di
produzione del formaggio Parmigiano-Reggiano. Atti Soc. Ital. Buiatria 34:107-114. Fossa, E., Pecorari, M.,
Sandri, S., Tosi, F., Mariani, P., 1994. Il ruolo del contenuto in caseina del latte nella produzione del
Parmigiano-Reggiano: composizione chimica, caratteristiche di coagulazione e comportamento tecnologico-
caseario del latte. Sci. Tecn. Latt.-Cas. 35:519-535. Lucey, J., Kelly, J., 1994. Cheese yield. J. Soc. Dairy Techn.
47(1):1-14. Mora, R., Zannoni, M., 1986. L’importanza della caseina nella produzione del formaggio
Parmigiano-Reggiano. Il Parmigiano-Reggiano 16(2):23-25. Sandri, S., Tosi, F., Mariani, M.S., Vecchia, P.,
Malacarne, M., Summer, A., 2001. Osservazioni sull’andamento delle principali caratteristiche casearie del
latte per Parmigiano-Reggiano durante gli anni 1990. Ann. Fac. Med. Vet., Univ. Parma 21:235-247. Savini, E.,
1946. Analisi del latte e dei latticini, Hoepli, Milano, Italy. Tedeschi, G., Tosi, F., Pecorari, M., 1993. La tec-
nologia di caseificazione del Parmigiano-Reggiano: variabilità e rilievi analitici su latte, cagliata e siero. Sci.
Tecn. Latt.-Cas. 44:327-343. Van den Berg, G., de Vries, E., Arentzen, A.G.J., 1973. Which sampling method
should be used for the exact determination of the curd-fines content of first whey? NIZO nieuws 7:825-828.

ASPA_imp01_02_03_xp6-modif  15-09-2005  16:19  Pagina 241


