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Abstract:
The aim of this study was characterization of some dairy drinks based on Milk Serum regarding
major whey proteins (WP) and free amino acids (FAAs) using reversed phase high performance
liquid chromatographic (RP-HPLC) methods. The studied WP, -lactalbumin (-La), bovine serum
albumin (BSA), -lactoglobulin A (-Lg A) and -lactoglobulin B (-Lg B) were separated on Aeris
XB-C18 column at 214 nm detection. The RP-HPLC method was validated by selectivity, linearity
(R2 ≥0.99), sensitivity (LOQ, 1.35–10.08 µg mL−1), accuracy (recovery 96.79-103.07%) and precision
(% RSD ≤ 4.13%). The total studied WP in studied dairy drinks varied between 1.42 and 3.047 g·L-1.
The chromatographic profile of FAAs (aspar tic acid, glutamic acid, serine, histidine, arginine,
glycine, threonine, alanine, tyrosine, cysteine, tryptophan, methionine, valine, phenylalani ne,
isoleucine, leucine and lysine) was determined in lyophilized concentrate of Milk Serum by RPHPLC using pre-column derivatization reaction with orthophthalaldehyde (OPA). The total studied
FAAs in studied samples varied between 1.103 and 1.119 mg·g-1. Moreover, the Milk Serum showed
bacteriostatic activity against two bacterial strains Escherichia coli and Staphylococcus aureus. The
obtained results confirm that dairy drinks based on the Milk Serum constitutes a valuable sources
of bioactive components with benefits for human healthy nutrition.
Keywords: Milk Serum, whey proteins, RP-HPLC-UV, free amino acids, RP-HPLC-FLD,
antimicrobial study

1. Introduction
The Milk whey (also called Milk Serum) represents a complex and heterogeneous mixture
proteins with wide biological, nutritional and technological applications in the formulation of
modern food and beverages. Whey proteins are unique as they contain all the essential amino acids
of good quality protein [1]. Bovine milk and colostrum are considered the most important sources of
natural bioactive components, like specific proteins, peptides, lipids, and carbohydrates [2]. Amino
acids are found in protein-containing foods such as milk and milk products and have vital importance
for human life. Eight amino acids are thought to be essential for humans, and they must be absorbed
from foods containing animal proteins or a suitable combination of plant proteins, because the human

© 2020 by the author(s). Distributed under a Creative Commons CC BY license.

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 September 2020

doi:10.20944/preprints202009.0607.v1

12 of 14

body can’t synthesize them. Determination of the composition and content of amino acids in milk
products is therefore an important measure in ensuring quality and nutrition al value [3].
Considered an abundant dairy by -product, the valorization of whey components is related to
the recovery and concentration of whey proteins as new ingredients for food and non -food sectors as
well as the improvement of economic revenue for the dairy industry [4,5]. As dietary protein
supplement the whey improve muscle strength and body composition, and can prevent
cardiovascular disease and osteoporosis [2].
The whey proteins contain the major components β -lactoglobulin, α-lactalbumin, B and
immunoglobulin and numerous minor proteins, such as lactoferrin, lactoperoxidase, proteose
peptone, osteopontin, lysozyme, among others [6]. The characteristics and composition of milk whey
depend on the source of milk (cow, sheep, goat, etc.), the feed of m ilk-producing animal, the stage of
lactation, the processing method used and the time of the year when t he milk samples were collected
[7].
Nowadays, a variety of methods have been developed to analyses whey proteins: reversedphase high performance liquid chromatography (RP-HPLC) [5,8-10], ultra HPLC tandem mass
spectrometry [9,11-15], electrophoretic techniques [9,16,17], immunoaffinity chromatography([18,19],
Enzyme Linked Immunosorbent Assay (ELISA) [20] [21] and a novel visualized microarray method
[22]. However, HPLC method allows rapid and automated analysis, characterized by good
separations, high resolutions and accuracy and reproducible results, especially for simultaneous
detection of multiple whey proteins.
There are several methods described in literature for analysis of free amino acids including
HPLC that couples diode array and fluorescence detection [23,24], HPLC tandem mass spectrometry
[25,26], gas chromatography with mass spectrometry [27], capillary electrophoresis [28] and ion
exchange chromatography [29]. To increase the sensitivity of amino acids detection, the amino acids
are usually derivatized before analysis and derivatization reagents, such a s ortho-phthaldialdehyde
(OPA) [25,23], 9-fluorenyl-methyl chloroformate (FMOC-Cl) [30], phenylisothiocyanate (PITC) ([31]
and 4-dimethylaminoazobenzene-4-sulfonyl (dabsyl) chloride [32] are used for amino acid analysis.
The purpose of the present study was the characterization of whey proteins (-La, BSA, -Lg A
and -Lg B) in some dairy drinks based on Milk Serum by developing and validated of a RP-HPLC
method. Also, determination of chromatographic profile of seventeen FAAs (aspartic acid, glutamic
acid, serine, histidine, arginine, glycine, threonine, alanine, tyrosine, cysteine, tryptophan,
methionine, valine, phenylalanine, isoleucine, leucine and lysine) in concentrate lyophilized of Milk
Serum has been performed. This study provide an important evaluation regarding valuable bioactive
components, WP and FAAs, in studied dairy drinks based on Milk Serum.

2. Materials and Methods
2.1. Reagents, standards and samples
All reagents were of analytical grade. The all standards of whey protein: -(lactoalbumin (α-La),
-lactoglobulin type A (β-Lg A), -lactoglobulin type B (β-Lg B)and bovine serum albumin (BSA) as
well as L- amino acids (aspartic acid, glutamic acid, serine, histidine, arginine, glycine, threonine,
alanine, tyrosine, cysteine, tryptophan, methionine, valine, phenylalanine, isoleucine, leucine and,
lysine), each of purity >98% and orthophthalaldehyde (OPA) reagent were purchased from SigmaAldrich (Darmstadt, Germany):,
Ultrapure water (<18.3 MΩ·cm) was prepared with Milli-Q plus; Symplicity® UV (Millipore,
USA) water purification system (Merck KGaA, Darmstadt, Germany). Trifluoroacetic acid (TFA),
acetonitrile (ACN), methanol, tetrahydrofuran, sodium hydroxide (pellets) and phosphoric acid (85
%) were purchased from Merck (Darmstadt, Germany).
The studied dairy drinks based on sweet whey (Milk Serum namelly Zonar) obtained from cow
milk by an own technology were produced and distributed by S.C. EmbryOm Capital investment
S.R.L., (Satu-Mare, Romania).
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For this experiment we used five types of dairy drinks (ten samples) based on Milk Serum:
Z-n is Milk Serum dairy drink obtained from different milk batches; Z -Gi-Ho is a dairy drink
based on Milk Serum with ginger extract and honey; Z-Co-Ho is a dairy drink based on Milk Serum
with cocoa extract and honey; Z-Ag is a dairy drink based on Milk Serum with colloidal silver
solution; Z-Baby is a dairy drink based on Milk Serum for baby children; For to determination the
free amino acids in dairy drink were used concentrate lyophilized of milk serum samples (Z-4, Z-6).
2.2 HPLC method for WP determination
The analyses were carried out on a High Performance Liquid Chromatograph with UV/VIS
detector (Jasco International Co., LTD., Tokyo, Japan)and 20 µL sample loop (Rheodyne, Thermo
Fischer Scientific, Waltham, MA, USA) for manual injection of sample. Separations were performed
on a reversed-phase analytical column Aeris (WIDEPORE, 3.6 μm, XB-C18, 250 x 4.6 mm, 200 Å )
column (Phenomenex); the system was controlled and the experimental data analysed were
performed with the ChromPass software (version v1.7, Jasco International Co., LTD., Tokyo, Japan).
Gradient elution was carried out with a mixture of two solvents. Solvent A consisted of 0.1%
trifluoroacetic acid (TFA) in water and solvent B was 0.1% TFA in 80% ACN with the following
gradient program: linear gradient from 35% B to 80% B for 15 minutes, from 80% B to 60% B for 5
minutes, and from 60% B to 35% B for 5 minutes; Column temperature was kept to 40 °C, the flow
rate at 0.7 mL·min -1 and the detection wavelength was set at 214 nm. The injection volume consisted
of 20 µL.
Standard solution. The stock standard solution of studied whey proteins (1 mg·mL-1 each) of were
prepared in water. The stock solution were stored in the dark at −20 °C for no more than 1 month.
Work standard solutions were prepared from this stock solution and were diluted step by step with
the water immediately before use.
Sample preparation. The dairy beverage sample (2 mL) was diluted with 3 mL 0.1% TFA in 5%
ACN solution and 3 mL of 70% ACN solution. The final solution was centrifuged (Eppendorf 5804 R
centrifuge, Hamburg, Germany) at 4500 rot min -1 for 20 min at 20°C and finally, the solution was
passed through a 0.45 µm nylon membrane filter (Teknokroma) and injected in the HPLC system .
HPLC validation method. The RP-HPLC method for the determination of WP dairy beverages was
validated for selectivity, linearity, sensitivity (limits of detection (LOD) and limits of quantification
(LOQ)), accuracy (recovery) and precision according to ICH guidelines [ 33].
Selectivity was tested by comparing the chromatogram of a standard solution of whey proteins,
with that of a Milk Serum dairy drink.
Linearity of the method was studied by injection of six known concentrations of standard
solution of whey protein in the range of 20 to 250 μg·mL -1. Each standard solution was analyzed in
triplicate. Four independent calibration curves were plotted by peak area versus concentration of the
standard. Linear regression analysis was used to calculate the slope, intercept and correlation
coefficient of each curve.
Sensitivity: The limit of detection (LOD) and limit of quantitation (LOQ) were calculated usin g
signal-to-noise ratio of 3:1 and 10:1, respectively.
Precision: The analytical precision from the data of the intra -day (6 replicate analysis of sample
at 100% of test concentration) and inter -day (three replicate for three consecutive days)
determinations were performed on the three different concentrations of standard solutions. The
precision was expressed as percentage of relative standard deviation (%RSD).
Accuracy: To evaluate the accuracy of the method was study the recovery degree. Standard
addition was performed with pre-analyzed standard solution. Three different concentration levels of
50 µg·mL-1 (low level), 150 µg·mL-1 (intermediate level) and 200 µg·mL -1 (high level) of standard
mixtures were added to the Milk Serum sample. Spiked samples wer e prepared in triplicate. The
recovery was calculated as follows equation (1).
Recovery (% ) =

𝐷𝑒𝑡𝑒𝑐𝑡𝑒𝑑 𝑎𝑚𝑜𝑢𝑛𝑡 −𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡
𝑆𝑝𝑖𝑘𝑒 𝑑 𝑎𝑚𝑜𝑢𝑛𝑡

𝑥 100

(1)
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2.3 HPLC method for FAAs determination
The FAAs analysis were performed on a HPLC Agilent 1200 series chromatograph (Agilent
Technologies, Morge, Switzerland), equipped with autosampler (ALS G 1329 A), degasser (G 1322
A), quaternary pump (G 1311 A), thermostat (TCC SL G 1316 B) and fluorescenc e detector FLD (G
1321A). ChemStation software (version B.04.01, Waldbronn, Germany) were used to collect and
process the chromatographic data.
Separations were performed on Phenomenex Luna column (5 µ C18 (2), 250 x 4.6 mm, 100 Å )
and gradient elution. Solvent A was methanol: water (65:35, v/v) and solvent B was methanol:
tetrahydrofuran: 50mM phosphoric acid (pH adjusted to 7.51 with NaOH solution) (20:20:960, v/v).
The gradient program was linear from 40 to 50 % A in 24 min, from 50 to 100 % A in 30 min , kept
10 minutes at 100% A and return linearly to the starting condition in 6 min. Flow rate was 1 mL·min 1, column temperature was 25 °C and wavelengths for FLD detector were 335 nm for excitation and
440 nm for emission. Therefore, the total analysis time per sample was 70 minutes. The method has
been adapted after [34].
Sample preparation: FAAs derivatization: The standard AA mixture (or sample) and OPA solution
were mixed at a ratio 1 to 1 v/v, at room temperature for 1 minute, then injected into the
chromatographic column. The injected volume is 10 µl. Amino acid standard solutions were prepared
for calibration in the range of 10-2.5 µg·mL-1.
2.3 Antimicrobial test
The test microorganisms used in this study were: Escherichia coli ATCC 25922 and
Staphylococcus aureus ATCC 25923 from the Laboratory of Microbiology, Faculty of Biology and
Geology, Babeș-Bolyai University Cluj - Napoca.
The antimicrobial capacity of Milk Serum was evaluated by diffusometric susceptibility testing
[35]. Milk Serum samples, in liquid form, were applied on the beads in different volumes, and were
tested, by the paper disc method applied in the wells in the solid culture medium. Petri dishes with
Mueller-Hinton culture medium were inoculated with 200 μL test strain with a 0.2 McFarland
turbidity. After removing the excess, the boxes were incubated for 1 hour at 37 °C. Then, in each Petri
dish box, in the culture medium, 6 mm wells were sterilely cut. In these wells were placed the sterile
paper rolls (see Figure 3). On these rounds wells 30 μL of Milk Serum sample (total 90 μL) were
inoculated in three runs. Next, incubation was continued for 24 hours at 37 °C.

3. Results
3.1. Development and validation of HPLC method of whey protein
3.1.1. Development of HPLC method
For separation of WP has been used a specific column based on Core-Shell particle technology,
the Aeris column (WIDEPORE, 3.6 μm, XB-C18, 250 x 4.6 mm, 200 Å ) (Phenomenex). A uniform
porous silica layer is grown around a solid, spherical silica core, provi ding effective retention and
selectivity with improved resolution, speed, and recovery [3 6]. The pore size and shell thickness
provides a maximum separation power for intact proteins or smaller peptide fragments. Core-shell
particles afford great advantages in the separation of proteins and other large-molecular weight
compounds [37]. The other conditions, including mobile phase composition, flow rate, column
temperature and detection wavelength were tested to achieve an optimal resolution of whey proteins.
The method has been improved, optimized and validated after Haque et al. 2013.
Thus, in this HPLC method for WP determination, were tested different mobile phase gradient
programs based on two mobile phase A, 0.1% trifluoroacetic acid (TFA) in water and B, 0.1% TFA in
80% ACN. The flow rate was tested between 0.4 mL·min -1 to 0.9 mL·min -1, and a column temperature
of 35 °C and 40 °C was applied. Therefore, the best HPLC conditions for whey proteins analysis are:
linear gradient program, from 35% B to 80% B in 15 minutes, from 80% B to 60% B in 5 minutes, and
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from 60% B to 35% B in 5 minutes; 40 °C column temperature; the flow rate at 0.7 mL·min -1 and the
wavelength of 214 nm.
3.1.2. Validation of HPLC method.
The analytical performance of the method in order to ensure that the method is suitable for its
intended use, should be satisfactory with the selectivity, linearity, sensitivity, precision, accuracy
(recovery), LOD, LOQ [33].
Selectivity was evaluated by comparing the retention times of the whey proteins (α-La, BSA, βLg A, β-Lg B) standards added to the solvent (water) and in the presence of the matrices (Milk Serum).
The retention times of studied whey proteins are 9.12 min for BSA, 9.56 min for α -La, 10.79 min for
β-Lg A and 11.05 min for β-Lg B (Figure 1). The elution order shows BSA and α -La eluted before βlactglobulins. For β-Lg B were eluted before β-Lg A [10,13,37].

Figure 1. Chromatograms of: (a) standard solution of whey proteins (each of 150 µg·mL -1) and
(b) a mixture of Milk Serum sample with standard mixture (125 µg·mL- 1) (1:1, v/v).
In chromatogram of Figure 1b can be observed a good separation of each studied proteins and
the small peaks that are attributable to the other minor protein present in Milk Serum sample. The
small peak between BSA and α-Lactalbumin (Figure 1 b) represents lactoferrin [13].
The others whey proteins present in Milk Serum sample not interfere with the studied analytes
and can be concluded that the proposed HPLC method was selective one.
These dairy drinks based on Milk Serum have similar physicochemical characteristics with the
sweet whey and also the low of total protein and mineral content and a moderate quantity of lactose,
which recommend them for curative and palliative purposes in medical fields such as obesity,
diabetes mellitus type II or kidney diseases [38].
Linearity of the method was evaluated through the construction of four calibration curves by
the external standard method at six different concentration levels ranging from 20 to 250µg·mL -1. The
linear relation was estimated between peak area and injected amount of studied proteins. The limit
of detection (LOD) and limit of quantitation (LOQ) were the concentrations of a compound at which
its signal-to-noise ratios were detected as 3:1 and 10:1, respectively. They were determined by serial
dilution of samples solution under the described HPLC–UV conditions. Parameters of calibration
curves are reported in Table 1.
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Table 1. Linear re gre ssion data, LOD and LOQ of the WP.
Parameters/
Whey protein
BSA
α-La
β-Lg A
β-Lg B

RTa
[min]

Calibration curve b

9.12
9.56
10.79
11.05

Y=0.19375X+4.6643
Y=0.27911X+0.7138
Y=0.13492X+0.3545
Y=0.14051X+0.2056

Regression
coefficient c
R2
0.9953
0.9964
0.9959
0.9988

Linear
range
(µg mL-1)
20 - 250
20 - 250
20 - 250
20 - 250

LOD d
(µg mL-1)

LOQ d
(µg mL-1)

3.2
0.4
0.83
0.71

10.08
1.35
2.5
2.14

RT, the retention time; b Y, the peak area and X, the concentration of reference compound (µg mL -1);
R2 regression coefficient of calibration curve (n=6, seven points); d LOD, the limit of detection (S/N =
3); LOQ, the limit of quantification (S/N = 10);
a
c

As seen there, the good regression coefficients, R2 > 0.99, of calibration curves were obtained
within test ranges. The LODs and LOQs were in the range of 0.4 – 3.2 µg mL-1 and 1.35 – 10.08 µg mL1, respectively, showing the good sensitivity of the method.
Intra- and inter-day precision for each whey protein at low, intermediate and high concentration
levels are listed in Table 2.
Table 2. Intra- and inter-day precision of whey proteins

a

Intra-Day Precision (n = 6)
Measured
concentration
RSD c
Mean a ± SD b,
(%)
-1
(µg·mL )
49.27 ± 1.88
3.81
250.23 ± 1.56
0.62

Whey
protein

Concentration
(µg·mL-1)

BSA
α-La
β-Lg B

50
250
150

148.08 ± 2.34

1.58

β-Lg A

100

100.54 ± 0.76

0.75

Inter-Day Precision (n = 9)
Measured
concentration
RSD c
Mean a ± SD b,
(%)
-1
(µg·mL )
50.34 ± 2.08
4.13
249.18 ± 1.16
0.46
148.34 ± 2.9

1.95

100.98 ± 1.07

1.06

Mean = Average of n determination; SD = Standard deviation; RSD = Relative standard deviation.
b

c

The intra-day precision (% RSD) varied from 0.62 to 3.81 % while the inter -day precision ranged
varied from 0.46 to 4.13 %. Results indicate that the method for quantification of whey protein is
precise conform [33].
The accuracy of the quantitative analysis method was evaluated by measuring recovery (Table
3) through standard addition method. It was evaluated from Low level (50 µg·mL -1), at Intermediate
level (150 µg·mL-1) and to high level (200 µg·mL -1).
Table 3. Recovery tests by HPLC method of the whey proteins from Milk Serum sample.
Whey

Low level (%)

protein

Mean a ± SD

BSA

Intermediate level (%)

RSD c

Mean a ± SD

100.68 ± 1.82

1.80

102.4 ± 1.98

1.95

98.18 ± 2.46

2.5

α-La

103.07 ± 0.38

0.37

100.98 ± 1.75

1.73

99.67 ± 1.58

1.59

β-Lg B

98.31 ± 2.51

2.55

99.97 ± 2.75

2.75

99.37 ± 2.98

2.99

β-Lg A

96.79 ± 4.23

4.37

97.53 ± 4.75

4.87

98.88 ± 3.18

3.22

b

b

RSD

High level (%)
c

Mean a ± SD

b

RSD c

Mean = Average of n determination; SD = Standard deviation; RSD = Relative standard
deviation. Low level, 50 µg·mL-1; Intermediate level, 150 µg·mL-1; High level, 200 µg·mL-1;
a

b

c

The obtained recoveries of WP of Milk Serum sample were from 96.79 to 103.07 %. Similar results
for RSD values of precision and % recoveries of whey proteins were obtained by [9,15, 39].
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3.2. HPLC determination of whey proteins in Milk Serum dairy drinks
The developed and validated HPLC method for determination of WP was applied to analysis of
different types of dairy drinks based on Milk Serum: six samples (Z -1 to Z-6) is based on milk serum
obtained from different batches of cow milk, three samples is da iry drinks of Milk Serum with content
of ginger, cacao, honey and colloidal silver, and one sample is dairy drink for baby children.
The quantities of whey proteins, -La, BSA, -Lg A and -Lg B, in these dairy drinks are
considered valuable bioactive components (Figure 2).

Figure 2. The concentrations of whey proteins (BSA, -La, -Lg B, -Lg A) and studied
total proteins (T.P.) in dairy drinks based on Milk Serum.
The results show that the -La is major whey protein in all these drinks less Z-Gi-Ho sample,
with amounts between 1.18 and 0.833 g·L-1. The -Lg B whey protein were found amounts between
0.67 and 0.171 g·L-1 for Z-1, Z-2 and Z-5, Z-Gi-Ho, and Z-Ag samples. For samples Z-3, Z-4, Z-6, ZCo-Ho and Z-Baby, the -Lg A was found in a larger quantity with values between 0.434 and 1.168
g·L-1. The total studied WP in dairy drinks varied between 1.42 and 3.047 g·L-1.
The composition and characteristics of whey are dependent on the milk source (cow, sheep, etc.),
the feed of the milk-producing animal, the processing method used, the time of the year, and the
stage of lactation [7].

3.3. HPLC profile of FAAs in Milk Serum sample
The chromatographic FAAs profile was determined from lyophilized samples of Milk Serum.
The content of FAAs is found in small quantities in these dairy drinks, due to the fact that the
concentration of some free essential amino acids may decrease during whey processing [41].
In Figure 3 are presented the chromatograms of amino acids standard mixture and the Milk
Serum sample.
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Figure 3. HPLC-FLD chromatograms of the standard amino acid mixture of 10 µg·mL -1 and Milk
Serum sample. FAAs: aspartic acid (1), glutamic acid (2), serine (3), histidine (4), arginine (5), glycine
(6), threonine (7), alanine (8), tyrosine (9), cysteine (10), tryptophan (11), methionine (12), valine (13),
phenylalanine (14), isoleucine (15), leucine (16), lysine (17).
Whey proteins contain essential and non-essential amino acids in higher concentration as
compared to protein from vegetable sources [42]. The whey proteins from supplements have been
recognized for their high nutritional quality, fast absorption, and as a rich source of essential amino
acids, mainly branched-chain amino acids, such as leucine, isoleucine, and valine [2,41].
Figure 4 shows the amounts of free amino acids, (mg·g-1) of the lyophilized Milk Serum samples.
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Figure 4. The amounts (mg·g-1) of free amino acids (FAAs) in the lyophilized Milk Serum samples .
The composition of milk serum samples regarding free essential amino acids shows that
isoleucine 0.134 mg·g-1 (Z-6) and lysine 0.12 mg·g-1 (Z-4) followed by threonine 0.108 mg·g-1 (Z-4) and
0.137 mg·g-1 (Z-6) represent the major components. Leucine was present only in a small concentration
0.0018 mg·g-1 in Z-4. However the presence of other free essential amino acids like histidine,
methionine, phenylalanine and tryptophan are not shown in Z-4.
On the other hand the presence of free non–essential amino acids present in a large concentration
were the glutamic acid with 0.297 mg·g-1 (Z-4) and 0.269 (Z-6) mg·g-1 followed by alanine with 0.156
mg·g-1 (Z-4) and 0.122 mg·g-1 (Z-6), cysteine 0.121 mg·g-1 (Z-4) and 0.342 mg·g-1 (Z-6) and tyrosine
0.115 mg·g-1 (Z-4).
Also, the glycine with 0.064 mg·g-1 (Z-4) and 0.059 mg·g-1 (Z-6) and aspartic acid 0.021 mg·g-1 (Z4) and 0.025 mg·g-1 (Z-6) were present in both Milk Serum samples. Valine exhibit in both samples
small concentrations 0.018 mg·g-1 (Z-4) and 0.0064 mg·g-1 (Z-6).
The content of free amino acids it was analyzed from lyophilized samples of Milk Serum. The
content of free amino acids is found in small quantities in these dairy drinks, due to the fact that the
concentration of some free essential amino acids may decrease during whey processing [41].
However, the our data obtained on free amino acid abundance in Milk Serum lyophilized samples
were consistent with the results obtained by A. Yasmin et al., 2013.
3.4. Antimicrobial study
Antimicrobial activity of Milk Serum sample as the base of the others studied investigated dairy
drinks was studied conform to 2.3 section. It was observed that after 24 hours of incubation, for both
Gram-positive (S. aureus) and gram-negative (E. coli) strains had appeared the diameters of the
inhibition zones (mm) presented in Figure 5.
Interpretation was performed by measuring the diameter of the zone of bacterial inhibition (of
halo formed around the tested material) by two perpendicular lines with a millimeter ruler with a
precision of 0.5 mm after 24 hours. Each testing was performed three times.
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Figure 5. Inhibition of microbial growth in Milk Serum sample (Z-4) against two bacterial strains
S. aureus (1) and E. coli (2).
From Figure 5(1) it can be observed after 24 hours, for all three samples, a diameter of the
inhibition zone of 12 mm against S. aureus. In the case of the first two samples of Figure 5(2) (a, b),
the antibacterial effect is visibly higher against E. coli than against S. aureus; the diameter of the
inhibition zone recorded after 24 hours being 25 mm. In the case of Figure 3(2), sample c, a diameter
of the inhibition zone against e-coli was recorded with somewhat lower, 20 mm but also in this case,
higher than against S. aureus. Based on the diameter of inhibition zone, the bacterial killing ability of
Milk Serum is 12 mm for S. aureus and 25 mm for E. coli.
Antimicrobial activity of Milk Serum sample as the base of studied dairy drinks was
investigated, and associated with presence of whey proteins, α-lactalbumin, β-lactoglobulin, bovine
serum albumin and other minor proteins [47].
4. Discussion
Development of HPLC method of whey protein (α -La, BSA, β-Lg A, β-Lg B) involved separation
on a specific column based on Core-Shell particle technology, with great advantages in the separation
of proteins and other large-molecular weight compounds [36,37]. The HPLC method has been
improved, optimized and validated after Haque et al. 2013, by testing different mobile phase
composition, flow rate, column temperature and detection wavelength in order to achieve an optimal
resolution of studied whey proteins.
The method validation parameters, the selectivity, linearity, sensitivity, precision, accuracy
(recovery), LOD, LOQ, were evaluated conform ICH guideline [33] to good values.
In chromatogram of Figure 1b can be observed a good separation of each studied proteins and
the small peaks that are attributable to the other minor protein present in Milk Serum sample, like
the small peak between BSA and α-La that represents lactoferrin [13]. The obtained recoveries of WP
of Milk Serum sample were from 96.79 to 103.07 %. Similar results for RSD values of precision and %
recoveries of whey proteins were obtained by other authors [9,15, 3 9]. Thus, can be concluded that
the proposed HPLC method was selective one and can be used in laboratory for routine analysis.
The total studied WP in dairy drinks varied between 1.42 and 3.047 g·L -1, the composition and
characteristics of whey are dependent on the milk source (cow, sheep, etc.), the feed of the milkproducing animal, the processing method used, the time of the year, and the stage of lactation [7].
The whey proteins are the valuable constituents of sweet whey and stand out for their high
nutritional value in terms of biological value and composition in essential amino acids. α -La is a
primary protein found in human breast milk and together with β -Lg are a source of essential and
branched chain amino acids. Besides, the BSA is also a source of essential am ino acids [2].
Different bioactivities have been associated to these proteins, among them antihypertensive,
antimicrobial, opioid, antioxidant and immunomodulant activity being the most studied. The β -Lg
protein has the role in resistant carrier of retinol (a provitamin A) and participate in the digestion of
milk lipids during the neonatal period and, more this protein may play a role in the absorption and
subsequent metabolism of fatty acids [40].
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The chromatographic FAAs profile was determined from lyophilized samples of Milk Serum
and its obtained values are due to because the content of FAAs decrease during whey processing [4 1].
However, the our data obtained on free amino acid abundance in Milk Serum liophilized
samples were consistent with the results obtained by A. Yasmin et al., 2013.
Whey is a residual product of the milk industry with various therapeutic properties, is rich in
protein residues, oligopeptides, amino acids but especially lactose [4 3,44]. Thus, whey proteins could
be considered as an abundant resource to obtain antimicrobial peptides. Beside whey proteins,
lactoferrin, lysozyme, and their proteolytic fragments, the antimicrobial potential of peptides
encrypted within the β-Lg and α-La sequences are becoming increasingly studied. Bioactive peptides
derived from whey proteins have been also associated with immunomodulatory, anticancer, opioid
and hypocholesterolemic activities [1,45].
Antimicrobial activity of Milk Serum sample as the base of studied dairy drinks was
investigated, and associated with presence of whey proteins, α -lactalbumin, β-lactoglobulin, bovine
serum albumin and other minor proteins [46]. The milk whey is rich in protein residues,
oligopeptides, amino acids but especially lactose [4 4,46], thus could be considered as an abundant
resource to obtain antimicrobial peptides. Antimicrobial and antiviral actions, immune system
stimulation, anticarcinogenic activity and other metabolic features have indeed been associated with
such whey proteins, α-lactalbumin, β-lactoglobulin, lactoferrin, lactoperoxidase, and bovine serum
albumin [47].

5. Conclusions
In this study, a simple and efficient RP-HPLC method were successfully validated and applied
for determination of WP, -La, BSA, -Lg A and -Lg B, in the some dairy drinks based on Milk
Serum providing satisfactory accuracy with low limits of detection. The total studied WP in dairy
drinks varied between 1.42 and 3.047 g·L-1. The chromatographic profile of eighteen FAAs was
determined in lyophilized Milk Serum samples by RP-HPLC method with amounts between 1.1037
and 1.1195 mg·g-1. The obtained results confirm that studied dairy drinks based on the Milk Serum
constitutes a valuable sources of bioactive components which recommend them for human healthy
nutrition, as well as for curative and palliative purposes in medical fields such as obesity, diabetes
mellitus type II or kidney diseases.
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