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Featured Application: Monitoring the levels of the amino acids isolecucine, leucine, and tyrosine
could represent a new potential tool for a rapid diagnosis of subclinical mastitis in cows and
hence to qualify cow milk in association with the traditional somatic cell count-based method.

Abstract: The early diagnosis of cow subclinical mastitis represents a pivotal factor for a prompt and
adequate animal treatment. Although several methods are available, the somatic cells count (SCC)
still remains the elective test directly carried out on milk samples. In mastitis affected cows (even
at subclinical stages), altered concentrations of specific metabolites, including free amino acids, is a
well-known occurrence. In order to define the relationships between the variation of the unbound
amino acids content with the SCC value, a direct ion-pairing reversed-phase method based on the use
of the evaporative light-scattering detector (IP-RP-HPLC-ELSD) was applied to 65 cow milk samples.
The statistical analysis of variance (ANOVA) was pursued in order to find a correlation between the
SCC value and the concentration of isoleucine (Ile), leucine (Leu), valine (Val) and tyrosine (Tyr).
Samples were divided in two groups according to their SCC value: Group I comprised all ones with
SCC < 400,000 cells/mL; Group II encompassed those with a SCC > 400,000 cells/mL. Statistical
analyses highlighted significant differences in the content of the branched-chain amino acids Ile
and Leu, between the two groups (p < 0.02* and <0.005**, respectively). This study confirms that a
dysmetabolism of certain free amino acids parallels elevated SCC values.

Keywords: branched-chain amino acids; cow milk; ion-pair reversed-phase liquid chromatography;
somatic cells count; subclinical mastitis

1. Introduction

Mastitis is a major endemic disease of dairy animals, characterized by the inflammation of all
structures forming the mammary tissue and the surrounding connective tissues. Mastitis significantly
influences the quality and quantity of mammary parenchyma, leading to pathological changes in the
glandular tissue of the udder and inducing physical, chemical and bacteriological alteration in the
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milk [1,2]. Mastitis occurs worldwide with a high incidence and has various underlying causes and
severity degrees which reduce milk production and adversely impact on farm animal welfare. Several
bacterial species have been identified as mastitis-causing pathogens; among others, Escherichia coli,
Streptococcus uberis, Staphylococcus aureus, Streptococcus agalactiae, are worth being mentioned [3–6].
Bacterial contamination of milk from the affected cows renders it unsuited to human consumption as it
can provide a spread of diseases like tuberculosis, Q-fever and brucellosis, just to cite some [3]. In this
scenario, the early diagnosis of mastitis, especially at its subclinical stages, becomes a pivotal factor for
a prompt treatment of the animal, thus minimizing mammary lesions and the related consequences.
While clinical mastitis can be readily diagnosed from either abnormality in milk flavour, taste and
colour or through the occurrence of secondary clinical signs (such as swollen quarters), the diagnosis
of subclinical states is more problematic. Indeed, in the latter case, clinical signs are not evident (milk
appears normal) and the use of specific tests is required for effective detection [3,7,8]. Although several
methods have been so far developed for rapid diagnosis of subclinical mastitis [9], the somatic cells
count (SCC) still remains the elective test carried out on milk samples to recognize early stage of
intramammary infections. Generally, elevated SCC values indicate low milk quality and might be
prognostic for further aggravation.

The results of many studies [3,10,11] suggest that cows with milk SCC levels lower than 200,000
have not been infected with major mastitis pathogens (namely, Staphylococcus aureus and Streptococcus
agalactiae), while SCC values above 300,000 cells/mL are sign of probable infection.

However, about 15% of infected cows have SCC milk levels < 200,000 cells/mL, thus behaving as
false negative samples. At the same time, a quite relevant percentage (about 15%) of uninfected milk
samples is misclassified according to SCC, indicating the potential occurrence of false positives [3].
EU Regulation 98 (Regulation (EC) No 853/2004 of the European Parliament and of the Council of 29
April 2004 laying down specific hygiene rules for food of animal origin) stipulates that food business
operators must initiate procedures to ensure that raw milk meets the following criteria: plate count at
30 ◦C ≤ 100,000 colony forming unit (cfu)/mL and SCC ≤ 400,000 cells/mL.

The concept that metabolite concentrations change during mastitis (even at a subclinical stage) is
well-known [7,12]. Accordingly, in previous studies [13–16] it was found that total amino acid content
significantly increases in mastitis milk compared to normal, with a particular enhancement in the
content of some specific species, including branched-chain and aromatic amino acids (referred to
as BCAAs and AAAs, respectively). In these studies, indirect reversed-phase (RP) chromatography
methods based on the use of derivatizing reagents were applied. It is well established that indirect
method can incur into misquantification of the actual amino acid content, as a consequence of the
required multi-step derivatization processes. Indeed, for different amino acids, derivatization reaction
can go to completion in a different time; the high purity of the derivatizing reagent is critical since
the presence of impurities (along with the excess of the derivatizing reagent itself) can generate side
products that could interfere with separation; derivatization can be time consuming.

In an attempt to define the relationships between SCC and the concentration of isoleucine (Ile),
leucine (Leu), valine (Val) and tyrosine (Tyr) in milk, a direct ion-pairing reversed-phase method based
on the use of the evaporative light-scattering detector (IP-RP-HPLC-ELSD) was applied to 65 cow
milk samples.

2. Materials and Methods

2.1. Chemicals and Reagents

Analytical grade acetonitrile (ACN), hydrochloric acid (HCl), picric acid, were purchased from
Carlo Erba (Bologna, Italy). Heptafluorobutyric acid (HFBA), ammonia solution (NH4OH), Dowex
50WX2 ion-exchange resin (100–200 mesh, 2% linking) and all the underivatized amino acid standards
were purchased from Sigma-Aldrich (Milano, Italy). Water for HPLC analysis was purified with a New
Human Power I Scholar water purification system (Human Corporation, Seoul, Korea). The employed
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eluent components (see caption to Figure 1 for details) were degassed with 20 min sonication before
use. The 65 milk samples were kindly provided by a local farm and classified according to the SCC
value by the provincial cattle breed associations of Perugia (Associazione Provinciale Allevatori, APA,
Perugia, Italy).
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Figure 1. IP-RP-HPLC-ELSD analysis of (A) a pool of standard amino acids and (B) of the extract.
Experimental conditions: column, Prevail RP18 column (Grace, Sedriano, Italy); mobile phase, eluent
A (7.0 mM HFBA in water) and eluent B (net MeCN); gradient, 0–10 min, 100% A; 10–30 min, linear
gradient to 75% A; 30–38 min, linear gradient to 70% A; 38–39 min, gradient back to 100% A; 39–65 min,
100% A; flow rate, 0.7 mL/min; column temperature, 25 ◦C; ELSD setting, Tneb 30 ◦C, Tvap 50 ◦C, gas
flow rate 1 L/min, gain 1. Asterisks in (B) refer to the identified amino acids as indicated in (A).

2.2. Instrumentation

The HPLC measurements were made on a Shimadzu (Kyoto, Japan) LC-20A Prominence,
equipped with a CBM-20A communication bus module, two LC-20AD dual piston pumps,
an SPD-M20A photodiode array detector and a Rheodyne 7725i injector (Rheodyne Inc., Cotati,
CA, USA) with a 20 µL stainless steel loop. A Varian 385-LC evaporative light scattering detector
(ELSD) (Agilent Technologies, Santa Clara, CA, USA) was utilized to follow the HPLC analyses.
The analogue-to-digital conversion of the output signal from the ELSD was allowed by a common
interface device. The adopted ELSD conditions for the analysis were: 30 ◦C nebulisation temperature,
50 ◦C evaporation temperature, 1 L/min gas flow rate (air) and 1 as the gain factor.

A Prevail RP18 column (Grace, Sedriano, Italy) (250 mm × 4.6 mm i.d., 5 µm, 110Å pore size),
was used as the analytical column for the HPLC analysis. The flow rate was fixed at 0.7 mL/min.
Column temperature was fixed at 25 ◦C, through a Grace (Sedriano, Italy) heater/chiller (Model
7956R) thermostat.
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2.3. Milk Sampling

All tests were performed on 65 samples collected at a dairy farm during the monthly control of
the APA dairy farmers. The dairy farm of choice has 300 lactating Holstein Friesian cows and is located
in central Umbria region, Italy. Average milk production is 30.2 kg/day, all sampled cows were in
their second or third lactation and between week-10 and weel-12 of lactation. Samples from composite
quarter collection of individual mastitis cows were transported to the laboratory and then frozen at
−80 ◦C prior to further analysis.

The sample size was calculated using the formula n = Z2 * p * (1 − p)/C2, where Z is the Z-value
(e.g., 1.96 for a 95% confidence level), p is the expected prevalence, expressed as a decimal and C
is the confidence interval, expressed as a decimal [17]. With an expected prevalence of 50% (0.5), a
confidence interval of 10 and a confidence level of 0.95 a sample size of 63 animals is then required.
With 300 lactating cows in the farm, the sample size provides a 95% confidence level (CL) for cow-level
prevalence, with a confidence interval (CI) of 10.

2.4. Somatic Cells Count

SCCs were measured at the APA laboratory using a DeLaval cell counter according to the
manufacturer’s instruction (Cell counter DCC; DeLaval, Tumba, Sweden). 60 µL of sample were
aspirated into a small cassette that contained a DNA-specific fluorescent reagent that bound to the SCC
nuclei. The machine counted the fluorescent SCC nuclei in milk using an integrated digital camera.

2.5. Extraction of Free Amino Acids from the Raw Milk Sample

Raw milk (100 mL) and 96% EtOH (200 mL) were kept under stirring for 30 min and centrifuged at
4000 rpm for 30 min at 25 ◦C. The supernatant was evaporated to a volume of approximately 25 mL in
vacuum at 40 ◦C and both a saturated solution of picric acid in water (25 mL) and a 0.1 M HCl solution
(25 mL) were added. The formed precipitate was removed by centrifugation at 4000 rpm for 10 min
at 25 ◦C and the supernatant was purified with an ion-exchange Dowex 50WX2 resin (1 cm × 14 cm,
100–200 mesh, 2% linking). Elution was carried out with a 2.0 M NH4OH solution (45 mL). The eluate
containing the extracted amino acid pool was frozen and lyophilized. The extracts were then assayed
by using a previously developed ion-pairing IP-RP-HPLC method [18]. For the HPLC analysis, each
lyophilized extract was solubilized into a 7.0 mM HFBA/ethanol solution (85:15, v/v), at a final
concentration of 20 mg/mL. Prior to chromatographic runs, undissolved debris were precipitated by
centrifugation at 4000 rpm for 15 min at 25 ◦C. Thereafter, the supernatant was analysed.

2.6. Statistical Methods

Statistical analyses were performed with the aid of the open source software CRAN-R version 3.3.0.
(http://www.R-project.org) [19]. One-way ANOVA (Analysis of Variance) was used as a statistical test
to assess the differences in means between the groups. Tukey’s HSD (Honest Significant Difference)
methodology, at confidence level of 95%, was further employed for multiple comparisons between all
pair-wise means to determine how they differ [20]. p < 0.05 was considered statistically significant.

3. Results and Discussion

APA preliminarily measured the SCC value in all 65 milk samples under investigation. Samples
were then divided into two groups according to EU Regulation 853/2004 indications: Group I
composed of milk samples with SCCs < 400,000 cells/mL (Table 1) and Group II encompassing
samples with SCCs > 400,000 cells/mL (Table 2).

http://www.R-project.org
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Table 1. Content values of selected amino acids in Group I, along with somatic cells count (SCC) value.

Sample # SCC (×103) Ile (µg/mL) Leu (µg/mL) Val (µg/mL) Tyr (µg/mL)

1 5 114 ± 4 139 ± 15 172 ± 9 90 ± 6
2 123 138 ± 10 135 ± 8 200 ± 6 238 ± 16
3 99 179 ± 6 265 ± 7 527 ± 69 128 ± 14
4 49 87 ± 8 98 ± 19 220 ± 10 761 ± 10
5 73 108 ± 6 104 ± 11 308 ± 8 50 ± 8
6 113 101 ± 9 119 ± 18 158 ± 22 74 ± 13
7 58 91 ± 16 89 ± 16 301 ± 18 -
8 34 194 ± 15 204 ± 10 897 ± 68 246 ± 22
9 53 91 ± 5 88 ± 8 71 ± 6 57 ± 6
10 61 93 ± 3 125 ± 2 332 ± 12 79 ± 6
11 90 177 ± 11 230 ± 5 386 ± 96 188 ± 20
12 9 130 ± 13 151 ± 6 126 ± 12 138 ± 9
13 10 95 ± 4 100 ± 4 119 ± 2 79 ± 7
14 9 159 ± 2 128 ± 2 213 ± 11 114 ± 2
15 39 103 ± 2 101 ± 6 280 ± 28 88 ± 3
16 139 139 ± 2 140 ±3 140 ± 1 60 ± 2
17 75 64 ± 6 56 ± 5 102 ± 3 50 ± 2
18 4 118 ± 1 177 ± 4 170 ± 6 126 ± 1
19 58 133 ± 3 218 ± 3 511 ± 6 137 ± 3
20 92 122 ± 2 110 ± 5 286 ± 4 100 ± 6
21 5 95 ± 14 66 ± 4 - 51 ± 8
22 4 104 ± 13 84 ± 2 - 69 ± 5
23 108 139 ± 8 220 ± 16 405 ± 37 137 ± 18
24 104 146 ± 9 - - 159 ± 1
25 59 111 ± 8 128 ± 3 3371 ± 36 108 ± 8
26 105 76 ± 10 74 ± 4 48 ± 7 19 ± 1
27 138 94 ± 1 114 ± 7 304 ± 9 100 ± 6
28 73 98 ± 1 130 ± 1 437 ± 20 96 ± 7
29 8 133 ± 4 104 ± 1 485 ± 35 83 ± 6
30 5 122 ± 7 172 ± 13 261 ± 59 100 ± 4
31 80 117 ± 8 97 ± 12 212 ± 1 42 ± 6
32 62 163 ± 2 253 ± 2 288 ± 15 180 ± 11
33 1 87 ± 1 76 ± 4 217 ± 6 45 ± 3
34 61 104 ± 4 146 ± 1 417 ± 61 89 ± 4
35 175 78 ± 5 87 ± 12 252 ± 91 59 ± 7
36 175 90 ± 4 - 175 ± 9 52 ± 3
37 154 88 ± 2 101 ± 2 220 ± 5 71 ± 5
38 165 135 ± 10 158 ± 7 314 ± 18 158 ± 24
39 157 169 ± 13 212 ± 10 503 ± 6 138 ± 14
40 157 131 ± 7 150 ± 14 583 ± 55 112 ± 3
41 172 55 ± 1 42 ± 2 106 ± 1 23 ± 1
42 154 92 ± 3 86 ± 3 171 ± 12 52 ± 3
43 303 149 ± 9 142 ± 4 393 ± 19 146 ± 8
44 319 116 ± 2 188 ± 6 356 ± 40 115 ± 5
45 351 53 ± 2 41 ± 13 60 ± 2 28 ± 2
46 331 166 ± 6 193 ± 6 - 205 ± 2
47 353 100 ± 8 117 ± 15 147 ± 14 72 ± 12
48 368 127 ± 1 145 ± 6 167 ± 1 113 ± 3

Data are expressed as mean ± standard deviation of at least three experiments.

In order to directly appraise the relationships between the incidental alterations of the amino acid
content with the SCC value, the free (unbound) amino acid pool was extracted from each of the 65 milk
samples and then submitted to purification through an ion-exchange resin, as described in Section 2.5.
A direct ion-pairing reversed-phase method based on the use of the evaporative light-scattering
detector (IP-RP-HPLC/ELSD) was applied for the analysis of the milk extracts. The method was
previously developed in our laboratory and profitably employed for the direct analysis of amino
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acids in complex food matrices [18,21]. Detailed information on the method is reported in the caption
to Figure 1. The use of HFBA as IP reagent increases the residence time of the investigated polar
analytes into the RP column, thereby enhancing the quality (both thermodynamic and kinetic) of the
chromatographic performance as a whole. Moreover, differently from other perfluoroalkyl carboxylic
acids, HFBA containing eluents give the advantage to avoid prolonged re-equilibration times between
consecutive runs [18] as a result of its negligible adsorption onto the C18 chains. As an additional
benefit arising from HFBA use, its volatility makes it compatible with mass spectrometry detectors for
accurate molecular investigations. The chromatogram of an extract is exemplarily shown in Figure 1.

Table 2. Content values of selected amino acids in Group II, along with SCC value.

Sample # SCC (×103) Ile (µg/mL) Leu (µg/mL) Val (µg/mL) Tyr (µg/mL)

49 529 104 ± 6 77 ± 14 232 ± 33 76 ± 7
50 585 56 ± 7 42 ± 7 119 ± 4 54 ± 9
51 778 109 ± 5 126 ± 6 254 ± 30 104 ± 10
52 942 91 ± 6 - 54 ± 7 90 ± 4
53 485 120 ± 3 152 ± 1 354 ± 21 115 ± 2
54 404 111 ± 3 175 ± 4 - 109 ± 6
55 813 134 ± 10 166 ± 5 157 ± 15 123 ± 5
56 528 169 ± 13 234 ± 3 - 193 ± 3
57 619 104 ± 32 89 ±18 298 ± 59 71 ± 6
58 541 197 ± 11 349 ± 41 376 ± 29 141 ± 3
59 588 199 ± 1 328 ± 6 335 ± 39 155 ± 8
60 799 119 ± 4 149 ± 2 207 ± 20 83 ± 4
61 1695 150 ± 7 157 ± 7 230 ± 35 133 ± 13
62 2488 161 ± 15 226 ± 24 609 ± 77 192 ± 34
63 2881 90 ± 1 78 ± 4 142 ± 10 79 ± 17
64 3886 226 ± 7 422 ± 17 203 ± 29 200 ± 3
65 3886 213 ± 1 368 ± 6 490 ± 11 221 ± 13

Data are expressed as mean ± standard deviation of at least three experiments.

As expected [18,21], the selected IP-RP-HPLC-ELSD method, produced the co-elution of Ala/Glu
and Ser/Asn (data not shown). Moreover, interfering matrix effects were found in the first 18 min of
each sample analysis, thus impairing the detection of certain amino acids (data not shown). Therefore,
the attention was exclusively addressed to all the remaining species eluting after 20 min of analysis:
Val, Met, Tyr, Ile, Leu, Phe, Trp (Figure 1A). The elution order observed in Figure 1A is not readily
explained as it is strictly correlated to analyte charge and polarity at once [18]. The chromatogram in
Figure 1B reveals a pronounced selectivity and efficiency of the applied HPLC method towards the
selected amino acid pool. Notwithstanding, the selected IP-RP-HPLC method allowed the base-line
separation of the two isomers Ile and Leu. Quantitative analysis of Met, Phe and Trp was made difficult
by their undetectable level in the majority of milk samples. Therefore, these three amino acids were
overlooked in the study. For the remaining species (namely, the BCAAs and Tyr), the result of the
quantitative analysis in the 65 extracts is shown in Tables 1 and 2.

In order to find a relationship between the SCC value associated to each milk sample and the
concentration of Ile, Leu, Val and Tyr, the statistical method based on the analysis of variance (ANOVA)
was pursued. Indeed, bar plot analysis coupled with ANOVA studies and Tukey HSD (honest
significant difference) tests, were useful to highlight differences in the amino acid content among
the main two groups (I and II) of the analysed 65 milk samples (Tables 1 and 2). More in depth,
this analysis evidenced some statistically significant differences in the content of Ile, Leu and Tyr
between the two milk sample groups. Notwithstanding, this represents the first study in which a direct
chromatographic method has revealed a statistically significant difference of the content of Ile and Leu
between the two established groups, with p = 0.016 and 0.005, respectively (Figure 2A,B), whereas, the
content of Tyr was only slightly different in the two groups (p = 0.094, Figure 2C). On the other hand,
the difference of the Val levels between the two groups was not statistically significant.
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Figure 2. Bar plots for (A) Leu, (B) Ile and (C) Tyr concentration content values (mean ± standard
error) and ANOVA/Tukey HSD analyses comparing the two groups.

Furthermore, the bivariate Pearson correlation analysis between amino acid content and SCC
value was also performed. A positive Pearson’s correlation coefficient, r, was found for Ile (0.397),
Leu (0.495) and Tyr (0.348), standing for a positive correlation between the two variables. On the
contrary, correlation was missed in the case of Val (0.055). On the basis of this result, only a moderate
correlation was found for Ile, Leu and Tyr content versus SCC value.

Taking into account these results, we can argue that the content level of the BCAAs Ile and Leu is
significantly altered with the occurrence of mastitis.

The observed alteration of BCAAs levels is anything but surprising. Indeed, an increasing
number of metabolomic investigations clearly demonstrate that BCAAs can be potential biomarkers of
disease [22,23]. Accordingly, several recent studies reveal that BCAAs are biomarkers associated with
insulin resistance [24,25], risk of cardiovascular disease [26], stage I and II chronic kidney disease [27]
and ischemic stroke [28]. The level of BCAAs discriminates lean from obese individuals and has the
potential to predict populations at risk for cardiometabolic disease, type 2 diabetes as well as mortality
from ischemic heart disease. Additionally, it has been found that BCAAs levels for patients with
hepatitis B virus infection vary depending on the degree of liver damage. Furthermore, serum levels
of BCAAs have been observed to decrease in patients with liver cirrhosis. Also interestingly, serum
BCAAs to His ratios have been found to be significantly associated with knee osteoarthritis.

4. Method Validation

4.1. Selectivity

Aimed at identifying the presence of interference peaks within the investigated analysis time,
three chromatograms of the selected solvent blank (namely the eluent system) were consecutively
run. For the developed HPLC method, the peaks obtained (with very small areas in arbitrary units)
did not overlap those corresponding to the two main peaks of the investigated analytes. Moreover,
very appreciable separation (α) and resolution factor (RS) values between the peaks from each analyte
(Table 3) were achieved with the selected eluent system. On this basis, the established method can be
regarded as highly selective for the purpose of the present study.
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Table 3. Selected chromatographic parameters (retention factor k, separation factor α and resolution
factor RS values) obtained in the analysis of the investigated amino acids according to their elution order.

Amino Acid
Selected Chromatographic Parameters

k α RS

Val 7.78
Tyr 9.74 1.25 25.25
Ile 10.02 1.03 4.37

Leu 10.35 1.03 4.48

4.2. Linearity

Ile, Leu, Tyr and Val content in the analysed 65 milk samples was established by relying upon
four calibration curves, respectively built by using amino acid standard solutions with concentration
values spanning in the range reported in Table 4. In contrast to conventional UV-Vis detectors, peak
area values from ELSDs (A, the dependent y-variable) are correlated to the corresponding analyte
concentrations (C, the independent x-variable) by a well-established exponential curve [29,30]. This
holds true when rather wide concentration ranges are considered, which is the case of the present study.
However, linear correlations are sometimes observed, especially when relatively narrow intervals are
considered [31,32].

Table 4. Calibration data for Ile, Leu, Val and Tyr, with the developed IP-RP-HPLC/ELSD method.

Amino Acid Regression Equation R2 Linearity Range (µg/mL) Eq.

Ile y = 2.0528x + 0.8474 0.987 62.5–500 1
Leu y = 1.5153x + 2.3829 0.995 15.6–250 2
Val y = 1.2477x + 2.7443 0.993 50–1000 3
Tyr y = 1.4012x + 2.2447 0.993 62.5–500 4

Regression Equations 1–4 reported in Table 4 were obtained after the following log-log
transformation. The four linear curves were characterized by appreciable R2 values, spanning within
the range 0.987–0.993. All the calibration standards were analysed in triplicate and the average value
of the corresponding peak area utilized to build-up the regression lines.

In order to assess the quality of the developed HPLC method, a validation study on Leu (selected
as parent analyte) was carried out.

4.3. Intra-Day and Inter-Day Precision and Accuracy

The IP-RP-HPLC/ELSD method was validated using two Leu external control solutions as fully
described in Reference [21]. In the following paragraphs, a brief summary of the results is reported.

The developed chromatographic method was validated in terms of precision and accuracy, in both
the short- (intra-day) and the long-term (inter-day) period.

The intra-day precision was assessed by using the regression Equation 2 reported in Table 4.
Two control solutions used as external set were run in triplicate each day, for three consecutive days.
Equation 2 was then used to calculate the concentrations of the control solutions. The intra-day
precision was determined as the relative standard deviation (RSD%) among the concentration values
achieved from consecutive injections. An appreciable precision of the method was obtained in the
short-period, with RSD% values ranging from 1.05 to 9.5%, thus producing evidence on the good
stability of the employed analytical method. The resulted rather high RSD% value (that is, 9.5%) can
be ascribed to the so-called “detector fatigue” [21,33]. Indeed, a progressive reduction in the output
stability after a prolonged use is a rather common issue with ELSDs.

For each control solution, the variation within replicate injections performed during the
three-consecutive days of analysis (which means a total of nine injections) was used to calculate
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the inter-day precision. In this case, more than acceptable RSD% values, equal to 6.72 and 7.13%,
were respectively found in the long-term (inter-day) of analysis for the higher and lower concentrated
control solutions.

The Recovery% [34] was employed as test to estimate the accuracy of the applied IP-RP
HPLC-ELSD method. Intra-day and inter-day accuracy were determined with the same external
solutions previously used to apprise the precision. The short-term accuracy was determined by
considering the three replicated runs for each control solution within a single day. In order to evaluate
the long-term accuracy, the average value from nine determinations, along three consecutive days
of analysis, was considered. Acceptable percentages of recovery were obtained, ranging from 89.38
up to 107.28% in the case of the intra-day analyses. Recovery% values, equal to 93.61 and 102.46%,
were obtained for the lower and higher concentrated control solutions, respectively.

5. Conclusions

Molecular content of milk has been thoroughly investigated with different methods and
techniques [35–37]. Most of these studies have been addressed to the evaluation of lipids [35],
proteins [36] and peptides [37]. Instead, only few investigations have focused on the measure of
free unbound amino acids [15], most of which relied upon the application of indirect methods. In the
present work, a direct RP-HPLC-ELSD method based on the use of the HFBA as the IP agent was
successfully applied for the direct analysis of the unbound amino acid content in 65 milk samples.

Milk samples were divided in two groups according to their characteristic SCC value: Group
I comprised all ones with SCCs < 400,000 cells/mL; instead, Group II encompassed those having
a SCC value > 400,000 cells/mL. Very interestingly, the application of the ANOVA and Tukey HSD
studies shed light on some statistically significant differences in the content of the BCAAs Ile, Leu,
between the two groups (p < 0.02* and <0.005**, respectively).

Although a relationship was found to some extent between SCC value and isoleucine, leucine
and tyrosine content in cow milk, questions remain regarding the biochemical mechanisms underlying
this occurrence. Based on these evidences, it is clear that there could be a great deal of clinical value in
monitoring Ile and Leu levels in milk. Indeed, the two BCAAs could represent a new potential tool for
a rapid diagnosis of subclinical mastitis in cows and hence to qualify cow milk in association with the
traditional SCC-based method.

A future study will be carried out on a larger number of milk samples to assess the concrete
possibility to use the chromatographic method for diagnostic purposes. In this setting, polymerase
chain reaction (PCR) investigations will be performed in order to evaluate the relationship between
the actual mastitis caused by different contagious and environmental bacteria to the level of isoleucine,
leucine and tyrosine. These studies will be performed with the further intent to highlight the occurrence
of false positive and false negative results sometimes associated with SCC analysis.
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