Prediction of cheese yield using near infrared spectroscopy

Tiziana M.P. Cattaneo™?*, Sara Caré!, Laura Marinoni*, Alessandra Perrone' and Riccardo
Aleandri®

'CRA-FLC, Fodder and Dairy Production Research Centre, Lodi 26900, Italy
“CRA-IAA, Food Technology Research Unit, Milano 20133, Italy

’CRA, Agriculture Research Council, Roma, Roma 00184, Italy
*Corresponding author: tiziana.cattaneo@entecra.it

Introduction
Cheese yield is the amount of cheese manufactured from a given amount of milk* and is a major factor in the
efficiency and profitability of cheese production.? Cheese yield is influenced by many factors, including i)
milk composition,®* especially protein (casein) and fat concentrations,>® ii) milk pretreatments, iii) coagulant
type, and iv) somatic cell counts.” Cheese yield is also influenced by the aptitude of milk to coagulate,®®
which is commonly defined on the basis of three parameters: a) milk coagulation time, b) curd firmness and
c) speed of aggregation. Coagulation time and curd firmness have been studied extensively and are
considered, together with fat and casein contents, in the development of cheese yield predictive formulas.
The relationship between curd firmness and cheese yield is not linear; in particular, the influence of curd
firmness on cheese yield is greater if the fat content is low.™

Selecting milk for cheese making based on quality and adequate coagulation properties could greatly
assist cheese makers in obtaining greater and more consistent cheese yields." It is therefore important to
develop a rapid method for estimating final cheese yield based on raw material. This could allow cheese
makers to have a constant check on the efficiency of the technological operations. At the same time,
calculating the effects of individual milk components on cheese yield would permit a milk quality payment
system that could remunerate each parameter for its actual value. The use of near infrared (NIR)
spectroscopy coupled with chemometrics can provide continuous information about the composition of milk
during cheese making and contribute to the control of the process: thus leading to an improvement of cheese
quality.” The objective of this study was to investigate the utility of NIR spectroscopy for the development
of an equation capable of predicting cheese yield during milk collection at the farm.

Materials and Methods

Samples

Twenty nine raw milk samples were collected monthly (July to October 2008) from a dairy company Latteria
Soresina (Soresina, Cremona, Italy). Each month, milk was taken from 2 tanks for creaming, before it was
divided into several copper vats in which protected designation of origin (PDO) Grana Padano hard cooked
cheese was made. Samples were representative of the milk collected daily for use in an Italian cheese making
factory.

Fat and total casein percentage, as, B and x-casein amount, a-lactoalbumin and pB-lattoglobulin
concentrations, and protein amount (as the sum of serum proteins and casein concentration) were determined
by official methods of analysis." The actual cheese yield was expressed as a percent ratio between cheese
weight (CW) and milk weight (MW), and evaluated on the same day of the cheese making.

Near infrared spectroscopy
Before cheese making, milk samples were evaluated for the aptitude to coagulate by Optigraph instrument
(Ysebaert, Frepillon, France),™ based on NIR principles (fixed wavelength = 890 nm). Milk samples were
then heated to the renneting temperature (35 + 2°C). The rennet solution (chymosin 20% + 5, REMCAT 130
IMCU.g*, Naturen, CHR Hansen, Milan) was diluted (1.6 ml.100mlI™") in sodium acetate-3-hydrate
(0.07M)/acetic acid (1M) buffer (pH 5.5), and 200 pl of the solution was added to 10 ml of milk. Milk
samples were monitored for 60 min after rennet addition.

Three parameters were obtained from the observed curves: milk coagulation time (CT), indicated by the
maximum of the first derivative of the signal; curd firmness (CF), determined 30 min after the addition of the
rennet, and the aggregation rate (AR), calculated from the slope of the linear region of the curve.
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Data processing

Pearson correlation was used to determine the significance and direction of a possible correlation among
variables that can influence cheese yield (p < 0.05)." Models for the prediction of cheese yield were
developed using partial least squares (PLS) regression and validated by cross-validation. Prior to PLS
regression, all data were standardised, i.e. first mean centered then scaled to unit variance. PLS regression
was carried out using The Unscrambler 9.2 (Camo inc., Oslo, Norway).

Results and Discussion
The relationships between cheese yield and milk quality plus milk clotting ability, assessed using Pearson’s
correlation coefficients, are reported in Table 1.

Table 1. Pearson’s correlation between cheese yield and both milk quality variables and milk clotting ability.

Coagulation Curd a-S1 B K

Parameters Feﬁ Prot_elln Casglm time firmness casein casein casein Ch.eese
gl g.l g.l min mA gl gt gl yield

Fatg.I” 1

Protein g.I" 0.82%** 1

Casein g.I" 0.97%* 087 1

Coagulation 0.54%  0.62%  0.56* 1

time min

g}‘j{d firmness — 23™ .0.25™ -019™  -0.30" 1

a-Slcasein .l 7gus o7 g1+ .62 0.22™ 1

B-caseing.®  0.83% 097 0.88**  0.60* 027"  0.94™ 1

K-casein gI*  0.49* 0.79%* 0.51* 0.61%* 0.26™ 0.8l 070" 1

Cheeseyield  0.98%* 0.83** 0.95%*  (59% -0.24"  0.81*** 0.83"* 0.50* 1

*** P < 0.001; * P <0.01; * P <0.5; ns = not significant

Cheese yield was more positively correlated with fat, protein and casein (R* = 0.92, p < 0.001) than with
variables related to milk clotting ability (coagulation time, R? = 0.59, p < 0.05; curd firmness, R? = -0.24).
Concentrations of protein (casein) and fat in milk have previously been shown to be important influences on
cheese yield."® Casein amount and quality are the most important factors in determining yield, because this
protein aggregate forms the structural matrix (network of micelles) of cheese and can retain fat and moisture;
casein is also highly hydrated and thus retains moisture during cheesemaking.'” The obtained results were in
agreement with the reported literature, showing a strong positive correlation between cheese yield and casein
content (specially as;- and B-casein; Table 1). Casein subunits play a very important role in the formation of
casein micelles. Their rather constant relationship can be changed, and these variations significantly affect
the degree of dispersion of the milk system and, consequently, the properties of the native casein complex,
with significant influence on the milk coagulation, cheese yield and cheese quality."®

Previous studies have found that og;-casein has a significant influence on protein content™®, while B-
casein genotypes were found to be associated with fat percentage, fat and protein yield® and curd firmness*.
No correlations were found between curd firmness, fat and protein content; the amount of fat appears to have
no influence the coagulum strength, nor was it able to be completely retained during the cheese making
process. Protein content was influenced by the total casein content and its relative composition.

A prediction model of cheese yield, developed using PLS regression, was applied to the 29 milk samples.
The accuracy of this model was assessed using the ratio of performance to deviation (RPD) and the
correlation coefficient (r) for predicted vs measured data in cross-validation.

The correlation coefficients obtained for standardised variables that most contributed to the prediction of
cheese yield were: fat, total protein, casein, and variables of milk clotting ability (coagulation time, curd
firmness and speed of aggregation). The obtained PLS predictive equation was:

Cheese yield =9.726 +(0.581* fat) + (0.345 * casein) + (0.017*total protein) + (0.138* coagulation time) +
(-2.54e9* curd firmness) + (-0.153 * speed of aggregation)

The predictive equations used 3 latent variables selected by cross-validation. The calibration and the
validation curves of the PLS model are shown in Figure 1.

This model was characterised by r (correlation coefficient) = 0.98, which indicated a good provisional
model, and RMSECV = 0.036 (Table 2).
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Table 2. Statistical parameters associated with

4o | Prdete calibration and prediction curves for cheese
1 o omen owe yield.
86—i 0.98657C 0127967 0983079 N Parameter Sample Set
ar 3 Calibration Validation
Number of 29 29
843 samples
0 Range 7.96-8.61 7.93-8.61
) Mean 8.23 8.23
i Standard
% deviation (SD) 0.26 0.25
r 0.98 0.98
B RMSEC 0.036
764 . RMSEP 0.53
B 50 81 ) 82 84 85 £ Mu; Slope 0.98 0.95
BEE— Bias -7.064x107  -0.006

Figure 1. Linear regression between the predicted
values, obtained by cross-validation for the cheese yield
of the 29 samples and the real cheese yield of the same
samples.

The predicted cheese yield model (RPD = 4.82) was found to be of high practical utility in agreement
with RPD classification reported by Williams.?? The PLS model can be considered good, even if the real
cheese yield was overestimated by an average of 1.36%.

Conclusion

These preliminary results demonstrated the suitability of NIR spectroscopy for predicting cheese yield
without excessive sample preparation and lengthy analyses. The suitability of NIR spectroscopy for the
determination of fat, protein and casein contents had already been demonstrated in previous papers.”*** The
collected information could be a basis for the implementation of NIR applicability during the cheese
production process in order to promote frequent controls during the whole production chain, from milking to
cheese ripening.

Acknowledgements

The present work was realised inside the RIPROSEL (Reproduction and Selection) project, financed by the
MiPAF (Ministry of Agriculture and Forestry) from 2009 t02012. The authors acknowledged SISNIR (the
Italian Society for Near InfraRed Spectroscopy) for financially supporting for the participation of Sara Caré
in NIR 2011 with a travel grant.

References

1. M.A Fenelonand T.P. Guinee, J. Dairy Sci. 82, 2287-2299 (1999).

2. D.B. Emmons, "Chapter 1", in Factors affecting the yield of cheese. Ed by International Dairy Federation Monogr.
Special Issue 9301. Int. Dairy Fed., Brussels, Belgium, pp. 10-11 (1993).

3. J.A. Lucey, and H. Singh, Food Res. Int. 30, 529-542 (1998).

4. B. Amenu and H.C. Deeth, Aust. J. Dairy Technol. 62, 171-184 (2007).

5. L.L. Van Slyke and W.V Price, Cheese. New York, Orange Judd (1927).

6. F.H. McDowall, New Zealand J. Sci. Technol. 18, 137-364 (1936).

7. D.M. Barbano, R.R. Rasmussen, and J.M. Lynch, J. Dairy Sci. 74, 369-388 (1991).

8.  G. Leitner, O. Krifucks, U. Merin, Y. Lavi, and N. Silanikove, Int. Dairy J. 16(6), 648-654 (2006).

9. A. Wedholm, L.B. Larsen, H. Lindmark-Mansson, A.H. Karlsson, and A. Andrén, J. Dairy Sci. 89(9), 3296-3305
(2006).

10. P. Formaggioni, A. .Summer, P. Franceschi, M. Malacarne and P. Mariani, Ann. Fac. Medic. Vet. di Parma,
XXVIII, 211-232 (2008).

11. M. De Marchi, C.C. Fagan, C. P. O’Donnell, A. Cecchinato, R. Dal Zotto, M. Cassandro, M. Penasa and G.
Bittante, J. Dairy Sci. 92, 423-432 (2009).

12. P. Berzaghi and R. Riovanto, Ital. J. Anim. Sci. 8 (suppl. 3), 39-62 (2009).

Reference paper as:

T.M.P. Cattaneo, S. Care, L. Marinoni, A. Perrone and R. Aleandri (2012).Prediction of cheese
yield using near infrared spectroscopy, in: Proceedings of the 15th International Conference on
Near Infrared Spectroscopy, Edited by M. Manley, C.M. McGoverin, D.B. Thomas and G. Downey,
Cape Town, South Africa, pp. 416-419.



13.

14,
15.
16.
17.
18.
19.

20.
21.
22.
23.

24.

Association of Official Analytical Chemists, Official methods of analysis (13th ed), Washington DC. AOAC
(1995).

Ysebaert Dairy Division. Optigraph. http://www.ysebaert.com/ ysebaert/optigraphuk.htm Accessed Dec. 10, 2009.
SAS User’s Guide: Statistics, Version 6.0 Edition.1990. SAS Inst., Inc., Cary, NC.

J.M. Banks, W. Banks, D.D. Muir and A.G., Wilson, Dairy Ind. Int. 46(5), 15-22 (1981).

D.M. Barbano, and J.W. Sherbon, J. Dairy Sci, 67, 1873-1883 (1984).

P. Mariani, A. Summer, P. Formaggioni, and M. Malacarne, La razza Bruna” 1, p. 7, (2002).

R. Aleandri, A. Nardone and V. Russo, Milk yield for the cheesemaking process: quantitative traits, loci, and
selection strategies. Proceedings of 3 World Congr. Genet. Appl. Livest. Prod XI1 (64) Lincoln, Nebraska, USA
August 16-22 (1986).

K.F. Ng-Kwai-Hang, J.F. Hayes, E. Moxley and H.G. Monardes, J. Dairy Sci. 67, 835-840 (1984).

I. Politis and K.F. Ng-Kwai-Hang, J. Dairy Sci. 71, 1740-1745 (1988).

P.C. Williams and D.C Sobering, J. Near Infrared Spectrosc. 1, 25-32 (1993).

T.M.P. Cattaneo, M. Feligini, I. Bonizzi, R. Giangiacomo and S. Barzaghi, “Testing the ability of FT-NIR to
determine og-casein and B-casein content in individual milk samples”, in Near Infrared Spectroscopy:
Proceedings of the 14" International Conference, Ed by S. Saranwong, S. Kasemsumran, W. Thanapase and P.
Williams, IM Publications, Chichester, UK, pp. 421-426 (2010).

R. Giangiacomo and T.M.P.Cattaneo. “Dairy Products”, in Near Infrared Spectroscopy in Food Science and
Technology. Chapter 8.4, Ed by Y.Osaki, W. Fred McClure and A. Christy, John Wiley & Sons, Inc. New Jersey,
USA, p. 323 (2007).

Reference paper as:

T.M.P. Cattaneo, S. Care, L. Marinoni, A. Perrone and R. Aleandri (2012).Prediction of cheese
yield using near infrared spectroscopy, in: Proceedings of the 15th International Conference on
Near Infrared Spectroscopy, Edited by M. Manley, C.M. McGoverin, D.B. Thomas and G. Downey,
Cape Town, South Africa, pp. 416-419.


http://www.ysebaert.com/



