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ABSTRACT

Minerals are important for many physiological fuiocts and those contained in milk are
actively involved in cheese manufacture. Moreorelk minerals content is considered
an indirect index of udder health in dairy cows.eThims of this study were to
characterize mineral components (i.e., calcium,gpmrus, magnesium and potassium)
in buffalo milk, to investigate their sources ofiation and to test the effectiveness of
Fourier Transform Infrared spectroscopy (FTIR) tbeir indirect prediction. A total of
173 buffaloes reared in five herds were milk sashmece during morning milking.
Samples were analysed for calcium, phosphorus,spatmm and magnesium within 3 h
from collection using Inductively Coupled Plasm&RIOES). MilkoScan FT2 (Foss,
Hillergd, Denmark) was used for the acquisitiomuolk spectra over the spectral range
from 5000 to 900 wavenumber x cm-1179. Buffalo nnillnerals (mg/L of milk)
averaged 1,620, 144, 1,172 and 857 for calcium, meamm, phosphorus and
potassium, respectively. Herd and days in milk wiae most important sources of
variation for the former traits. Parity slightly feicted only calcium and potassium.
Coefficients of determination between the predicd®d measured values in cross-
validation (1-VR) were 0.71, 0.70, 0.72 for calcjumagnesium and phosphorus,
respectively, whereas potassium exhibited a lowamy (1-VR = 0.55). Our findings
indicate that FTIR predictions could be used toeasshuffalo milk components applying
this rapid and non-invasive technique in the damgustry and at the population level
for breeding purposes.

(Keywords: buffalo milk, mineral content, FTIR sp@scopy)

INTRODUCTION

Buffalo milk production represents the 12% of théknrmanufacture of the world, for
this reason it is second after cow milk produciilmbal et al, 2011). Milk is considered
an important source of mineralsSifgh and Sachan2011). Considering the
manufacturing of milk, calcium and phosphates hawve important role in rennet
coagulation of milk, in the structure of the cheasd cheese yieldA(iota et al, 2007;
Lucey and Fox1993). Also, the concentrations of many mineais altered during
mastitis Eshratkhah et aJ 2012; Ahmad et al 2007), and these changes could be
interesting to determine the manufacturing quaditythe milk and for the diagnosis of
subclinical mastitis. At present, one of the ergtimethodologies to determine mineral
content in milk is Inductively Coupled Plasma Ateriimission Spectrometry (ICP-AES).
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This method is too expensive for routine analy$imitk samples collectedSpyeurt et aj
2009). The current tool used to measure the maijir camponents during regular milk
recording is FTIR spectroscopy, that has been pmexpoalso to predict innovative
phenotypes as fatty acid profilBgstin et al, 2011), milk coagulation propertieBitante
et al, 2012), lactoferringoyeurt et aJ 2012) and mineral profile in bovine mil8gyeurt
et al, 2009). Recently a study conductedHmsrragina et al (2013) on FTIR predictions
for cheese yield and nutrient recovery traits shibwiee possibility to employ this
technology to help selecting cows in dairy popalagi To our knowledge there are no
specific FTIR spectroscopy studies on the minecaitent of buffalo, as there are no
studies regarding the monitoring of milk minerdtsduring lactation in buffalo. Thus, the
aims of this study were to assess the variatioth@fmineral content in buffalo milk, to
estimate sources of environmental variation dutamgation and to test the possibility of
using FTIR spectroscopy for the indirect evaluatdthe mineral content in buffalo milk.

MATERIALSAND METHODS

Collection and analysis of milk samples

A total of 173 buffaloes were sampled once in fiads located in northern Italy from
January to May 2013. Individual milk samples weddlected, without preservative,
during the morning milking. Samples were storecpartable refrigerators (4 °C) and
transferred to the milk quality laboratory of thegartment of Agronomy Food Natural
resources Animals and Environment (DAFNAE) of theiugrsity of Padova (Legnaro,
Italy). Samples were analysed for mineral contesithin 3 hours from collection.
Inductively Coupled Plasma Optical Emission Speutgtry (ICP-OES) (Ciros Vision
EOP, SPECTRO Analytical Instruments GmbH, Kleverrfiny) was used as reference
method to determine milk calcium, phosphorous, ggitam and magnesium.

FTIR spectral collection and calibration

Buffalo milk samples spectra were collected usinijlikoScan FT2 (Foss, Hillerod,
Denmark) over the spectral range from 5000 to 9@¥emumber x cm-1179. The
spectra were stored as absorbance (A) using thsftmanation A = log(1/T), where T is
the transmittance. Two spectral acquisitions wemeied out for each sample, and the
results were averaged prior to data analysis. Asrideed in detail byrerragina et al
(2013), calibration models were developed using WimISI 1l software (Infrasoft
International LLC, State College, PA) and carriedt aissing partial least-square
regression (PLS) as the chemometric algorithm. &beuracy of the model was
evaluated using Raccording tdwilliams (2003).

Statistical analysis
Sources of variation of mineral components (Ca, Mgand K) and milk yield (kg/d)
were investigated using the GLM procedure of SARJSInst. Inc., Cary, NC)
according to the following linear model:

YijkI: n+ DIM; + Parity+ Herd< + 8jx,
where Yjq is the observed trait (minerals: calcium, magnesiyrhosphorus and
potassium; milk yield)p is the overall intercept of the model; DIM the fixed effect of the
ith class of DIM (i=1 to 6; class 1, <30 days (4thgkes); class 2, 30-60 d (24 samples);
class 3, 60-120 d (28 samples); class 4, 120-1@7F damples); class 5, 180-240 d (59
samples); class 6, >240 d (26 samples)); pasitihe fixed effect of th¢th parity of the
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buffalo (j=1 to 4 or more); Herds the fixed effect of théth herd (k=1 to 5); @ is the
residual random error term ~ N ().

RESULTSAND DISCUSSION

Statistics of buffalo milk mineral contents

Descriptive statistics of major mineral contentsl gmoduction traits of Mediterranean
buffalo milk are summarized ifable 1 Calcium is the predominant mineral, followed
by phosphorus, potassium and magnesium. Minerakgaare different from the study
conducted bySoyeurt et al(2009) in cow milk, where potassium was the preaant
mineral, followed by calcium, phosphorus and magmas This dissimilarity could be
attributed to the species considered and to tHerdift approach employed to determine
minerals. Nevertheless these results are in agretemith literature.

Tablel

Descriptive statistics of major mineral contents and production traits of
M editerranean buffalo milk (n=173)

Trait M ean p1! P99? CV, %
Minerals, mg/L of milk
Calcium 1,619 909 2,378 19
Magnesium 144 82 247 25
Phosphorus 1,172 672 1,699 20
Potassium 857 453 1,203 20
Production traits
Milk yield, kg/d 5.93 0.8 13 48
DIM, d 147.5 6 400 71

Ip1 = 1" percentile?P99 = 99' percentile

In fact buffalo milk is generally characterized high content of calcium (18@10
mg/100 g of milk) and phosphorus (20 mg/100 g of milk). Calcium and
phosphorus are also the main mineral milk saltstijmoslated with the cheese yield and
rennet coagulation propertiear{ota et al, 2007). In particular, milk phosphorus seems
to have great relevance to favour cheese yieldeaslly in relation to the curd
hydration, while calcium is related to RCT and fijghness {.A. Lucey 1993). Results
from ANOVA (F-values and significance) for major mineral corgeint buffalo milk
and single test-day milk yield (MY) are summarizedable 2

Table?2

Resultsfrom ANOVA (F-values and significance) for major mineral contents and
single test-day milk yield (MY) in M editerranean buffalo milk

Minerals, mg/L of milk Herd DIM Parity R% % RM SE?!
Df 4 5 3

Calcium 11,56 2.86 3.11 47 234.25
Magnesium 5.28 8.17" 1.48" 47 28.03

Phosphorus 19.88 2.18 2.25" 55 163.88
Potassium 12.91 4.487 2.96 50 127.12
MY, Kg/L 26.25 15.9" 0.48" 49 2.08

IRMSE = root mean square error
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The herd effect was relevant in explaining the atioh of all minerals (P<0.001). Days
in milk affected all the considered traits. Amongneral salts, Mg and K have been
highly influenced (P<0.001), while Ca and P haverbéess affected by this factor
(P<0.05). DIM considerably influenced also milk IgigP<0.001). Calcium averaged
1,713 mg/L in the first 30 days of lactation andrgased of 26.50 mg/L through the
period. Phosphorus increased from about 1,194 rw/about 1,252 mg/L in the last
class of DIM, so generally it raised of 58.01 mgHatassium slightly decreased from
about 944 mg/L to around 816 mg/L, so it decreased28.18 mg/L throughout the
lactation period. Magnesium raised from about 12@Lnin the first 30 days of lactation
to just over 170 mg/L in the last days, with a ttesharply opposite to the lactation
curve. In fact it increased of about 46 mg/L througctation period. Commonly, the
variability in mineral content regards especialyctum and phosphateéirota, 2007).
At the beginning of the lactation period, preciselgound parturition, occur some
physiological changes in mineral composition. Atitughe calcium concentration in
colostrum is much higher than that of normal milkdanear the end of lactation
(Gaucheron 2005). Parity did not affect minerals and milklIgi, except for calcium and
potassiumP < 0.05) that tend to decrease in buffaloes withentban 4 lactations.

FTIR predictionsfor mineral contentsin buffalo milk

Fitting statistics of predictions models for majmineral contents in Mediterranean

buffalo milk is summarized imTable 3 For each mineral component different math
treatment (e.g. MSC)/model combinations (PLS, MRit&) were explored in order to

retain the best calibration equation. The coeffitief determination of cross-validation

(1-VR) was used as model choice criteria.

Table3

Fitting statistics of predictions modelsfor calcium (Ca), magnesium (M g),
phosphorus (P), and potassium (K) contentsin M editerranean buffalo milk

Trait N2 | #P M ath® sDY| SEC®| R%*| SEC? Vléh SEP(C)'
Ca| 167 10 W,14,4,1 306 136 | 0.80 163 071 212
Mg | 163] 10 W,1,4,4,1 33 14| 080 18 0.70 23

Pl 167 9 W,1,4,4,1 233 107 | 079 122 072 159
K | 167] 5| AMSC,0011 167] 102 | 063 112 055 145

N = number of samples used in the calibration aéteroving outlier.

P41 = number of partial least square components.

“Math = mathematical treatments of the spectral déware the letters indicate the spectral range
used for calibration (A= all the spectrum 5,6930 cm®; W = spectra segments used 563,673
cm?® 3,048-1,701 cmt and 1,582930 cm'), MSC= multiplicative scatter correction, the firs
number is the order of the derivative, the secamabyer is the segment length in data points over
which the derivative was taken, the third and fourtimbers are the segment length for first and
second smoothing respectively.

9SD = standard deviation.

°SEC = standard error of calibration.

'R? = coefficient of determination of calibration.

9SEG, = standard error of cross-validation.

"-VR = coefficient of determination of cross-valiida.

'SEP(C) = standard error of prediction correctedHerbias.
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The coefficient of determination of cross-validati¢l-VR) of the predicted versus
measured values of mineral contents was good foluca, magnesium, and phosphorus,
and low for potassiumF{gure 1). Soyeurt et al(2009) found 0.97 For calcium and
0.88 R for phosphorus in bovine milk. This could be dudtte differences in terms of
number of samples used for building the calibratiequations, sampling conditions and
milk composition (buffalo vs cow).

Figurel

Scatter plotsof predicted vs measured values of calcium (Ca) [a], magnesium (M)
[b], phosphorus (P) [c] and potassium (K) [d] contents (mg/L of milk) in buffalo

milk
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CONCLUSIONS

The present study investigated the variation ofrttieeral content in buffalo milk, the
sources of environmental variation during buffabcthtion and the using of FTIR
spectroscopy for the indirect evaluation of minenal buffalo milk. According to the
literature, calcium was the predominant minerallofeed by phosphorous, potassium
and magnesium. Herd and DIM were the most imporsanirces of variation for the
considered traits, as expected. Parity slightlgctéd only calcium and potassiunt.fer
cross-validation of the predicted versus measueddeg of mineral contents was good
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for calcium, magnesium and phosphorus. Potassiugaled the worst fitting value. Ca,
Mg and P predictions could therefore be usefultfer efficient monitoring of health
status of dairy populations, besides being a ramid cheap tool for improving the
nutritional quality of milk. Future work is necesgato examine the economic
importance of these traits and their improvememtainy populations.
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