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Abstract

Milk is one of the products that can be adulterated in many ways affecting the
quality of this and its derivatives. Glucomacropeptide (GMP) is a protein that
is found only in the whey from the production of fresh cheese, enzymatically
obtained from the coagulation of casein and which is commonly used to adul-
terate fresh or powdered milk. The aim of this study was to determine the
adulteration of milk with cheese whey thought a molecular approach, where
the glucomacropeptide was collected by sequential precipitation with trichlo-
roacetic acid (ATC) and detected by polyacrylamidododecylsulfate gel elec-
trophoresis (PAGE-SDS), using samples of fresh milk, intentionally adulte-
rated with serum in the proportion of 0%, 1%, 5%, 10% and 15%. The results
obtained showed that the detection of glucomacropeptide by electrophoresis
was positive in all samples of adulterated milk, evidencing a band of 20.9 kDa
in the reading, corresponding to the molecular weight of the GMP, showing
that the technique used determines the adulteration in the milk, in a specific
and sensitive way, also shows that in the evaluation of physical-chemical and
microbiological parameters of milk, there are no significant differences be-
tween treatments, except for the pH that tends to decrease as the percentage of
serum in the milk increases.
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1. Introduction

For Codex Stan 206 [1], milk is the “normal mammary secretion of dairy ani-
mals obtained by one or more milks without any addition or extraction, in-
tended for consumption in the form of liquid milk or further processing”. The
Ecuadorian Technical Standard INEN 0009:15 [2] in its Sixth Review, indicate
that milk “is the product of normal mammary gland secretion, obtained from
the healthy and complete milking of healthy cows, without adding or any re-
moval, free of colostrum and free from materials extraneous to their nature, in-
tended for consumption in its natural form or for later processing”. Whey milk
according to Codex Stan 289 [1] is the “liquid dairy product obtained during the
manufacture of cheese, casein or similar products, by separating the curd, after
the milk coagulation and/or products derived from milk”. The Ecuadorian
Technical Standard INEN 2401:2008 [3] indicates that whey “is the liquid milk
product obtained during the manufacture of cheese, casein or similar products,
by separating the curd, after the coagulation of pasteurized milk and/or products
derived from pasteurized milk; coagulation is obtained by the action, mainly of
rennet enzymes’.

One of the main components of milk is protein, which together with enzymes
are composed of amino acids [4]. The percentage of proteins is between 2.8%
and 3.5%, of which about 80% corresponds to the caseins [5] which combine
with calcium and phosphate giving the colloidal form to milk and constituting
the essential part for cheese elaboration, [6] the most important of which are a, 8
and « (kapa) [5], although in fact six types of caseins are reported: a sl (alpha
s1), T (gamma), x (kappa) and A (lambda) [6]. If the milk is acidified to pH of
4.7, calcium and phosphate are separated from casein, becoming insoluble and
depositing; on the other hand, soluble albumin and globulin become insoluble
with heating at more than 65°C, causing protein denaturation [4]. Calcium salts
of a-casein and pf-casein are almost insoluble in water, whereas those of x-casein
on the surface of the micelles are normally soluble [7], because the latter has in-
sensitivity to ion precipitation Calcium, remains soluble in solutions of calcium
with concentrations that precipitate all other caseins, is also susceptible to hy-
drolysis by chymosin (enzymatic coagulation pathway), and is the only one con-
taining cysteine and carbohydrate residues in its structure [6].

The enzymatic pathway of coagulation is given by renin or chymosin (pro-
duced in the abomasum of lactating ruminants) or other coagulant or proteolytic
enzymes (pepsin, bacterial and plant enzymes) [5] on the amino acid chain that
forms the x-casein molecule (which consists of 169 amino acids), specifically at
the link between amino acids 105 (phenylalanine) and 106 (methionine) which is
particularly weak [8]. Once the amino acid chain is broken, the part containing
amino acids 106 to 148 contains all the carbohydrates of x-casein, called macro-
peptide [7], therefore, the glucomacropeptide (or also known as GMP) is re-
leased to the whey by the action of the renin on the x-casein during the elabora-
tion of the cheese, being able to constitute an indicator of adulteration of milk

with cheese whey [6]. The remaining part of x-casein is called para-x-casein and
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consists of amino acids 1 to 105, having the particularity of being very insoluble
and therefore remaining with the a and S caseins in the cheese cloth, which is
formed due to the sudden removal of the hydrophilic macropeptide and the im-
balance that this causes [7].

GMP is therefore a 64-amino acid peptide, present exclusively in whey cheese,
released after the specific cleavage of x-casein by chymosin; consists of two
non-glycosylated isoforms (aGMP A and aGMP B) and their different glycosy-
lated forms (gGMP A and gGMP B), the most predominant carbohydrate of
gGMP being N-acetylneuraminic acid (sialic acid) [9]. It should be noted that
some psychotropical microorganisms (especially Pseudomonas fluorescens)
when present in stored milk may produce enzymatically a GMP-like peptide,
generally called pseudo-GMP; these two peptides differ from each other only by
one amino acid [10].

Studies have shown that GMP helps the production of cytokines, regulating
immune system interactions [11], is an immunomodulator that has an intestinal
anti-inflammatory effect in rats with colitis type I [12] [13] [14], has gastric in-
hibitory activity [15] and is used for the nutritional management of phenylke-
tonuria in humans [16] [17] [18], has a gastric inhibitory activity, because it
lacks aromatic amino acids, making it usable as a nutritional supplement for
these people [9]. Studies also show that GMP has anti-inflammatory, prebiotic
and immunomodulatory effects, including for atopic dermatitis in humans [19].

Therefore, the adulteration of milk with whey from cheeses is not a public
health problem; however it is considered a fraud [8], especially in raw milk, be-
cause according to INEN Standard 9 [2] it should not have any type of addition
or extraction. Besides being a consumer fraud, adulteration with whey milk is
considered unfair competition to the producer and affects the milk chain pro-
duction [20]. There are serious problems with this adulteration, which is faced
by the marketing and processing industries, because the low cost of the whey
and because it is sensorially very similar to milk, the whey is difficult to deter-
mine with routine physicochemical methods of milk quality control [21].

There are several methods to determine adulteration of milk with cheese
whey, among which we can mention indirect methods that are based on the de-
termination of the proportion of whey casein present in milk, which is done
through: quantification of no casein nitrogen analysis, quantification of sulthydryl
groups per gram of protein, determination of ammonium levels in milk using a
potentiometer, and determination of the cysteine-casein complex, using a pola-
rographic method [8]. Among the direct methods is the detection of GMP as an
adulteration biomarker (Campos Mottaa et al, 2014), since it is not possible to
find it in free form in milk unless it contains added whey [8]-[21]. In Ecuador,
the Ecuadorian Technical Standard INEN 2401:2008 [3] indicates that the de-
termination of cheese whey in liquid and powdered milk must be carried out using
the High Performance Liquid Chromatography (HPLC) method. Another method
corresponds to the detection of an ELISA system through commercial kits [21].

The objective of this investigation was to detect GMP in milk adulterated with
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whey through sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-
PAGE) and to determine whether there is or not alteration of the physico-
chemical and bacteriological properties of adulterated milk.

The importance of the study is to verify and thus to provide the dairy industry
with a reliable method for determining the adulteration of raw milk with cheese
whey (the practice of which is very common), since this constitutes cheating and
fraud for the buyer, which directly affects the production of dairy products, due
to the reduction of natural components of milk, which are necessary to improve

performance in the dairy industry, avoiding economic losses to it.

2. Methodology

This research was carried out at the Polytechnic School of Chimborazo, located

in the Riobamba city (to 190 km from Quito), province of Chimborazo-Ecuador.

2.1. Factors of Study

In the present study, milk from a single commercial house and dairy cheese
whey was used, based on the NTE INEN 4 [22]; four intentional adulterations
were performed at different concentrations and one control (T0) with whole
milk (5 samples), with four replicates, giving a total of 20 experimental units
(Table 1) which is calculated from the 5 treatments multiplied by 4 repetitions
each. It was done under a completely random design. The treatments under stu-
dy were:
e TO: Fresh milk without adulteration;
e T1: Milk adulterated with 1% whey;
e T2: Milk adulterated with 5% whey;
e T3: Milk adulterated with 10% whey;
e T4: Milk adulterated with 15% whey.

The variables that were evaluated were: milk adulteration determination by
GMP detection, physical chemical characteristics (protein, fat, pH and density)

and microbiological characteristics (reductase).

2.2. Methodology

2.2.1. Detection of GMP by Electrophoresis
The detection of GMP by electrophoresis was performed as described by Galindo,

Table 1. Scheme of the experiment.

Wheylevels Code Repets SEU* SEU/Treatment
Control TO 4 1 4
1% T1 4 1 4
5% T2 4 1 4
10% T3 4 1 4
15% T4 4 1 4
Total 20

*Size of the Experimental Unit.
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et al. [6] and Alcazar, et al [8], with some modifications, for which 50 ml of each
adulterated sample and of the control were taken. For protein precipitation, 25
ml of 24% trichloroacetic acid solution (TCA) was used, and shaking for 2 mi-
nutes at room temperature, then left to stand for 60 minutes; subsequently, the
precipitate of caseins and whey proteins was removed by filter paper filtration.
30 ml of the 8% TCA filtrate was transferred and 8 ml of 50% TCA solution was
added to precipitate proteins which were not denatured during the previous
step. Samples were kept at 4°C for 24 hours, then centrifuged at 7000 rpm for 10
minutes; the obtained precipitate was washed with 10 ml of a 1:1 ethanol-ether
mixture, then centrifuged under the same conditions as above and then allowed
to drain the tube to remove excesses from the wash mixture. After the precipitate
was obtained, 380 ul of buffer 0.05 M TRIS-HCI + 1 mM EDTA-Na, pH 7.2 and
500 ul of a 50% sucrose solution and 0.002% bromophenol blue were used; the
samples were stored at 4°C until they were subjected to SDS 0.375 M pH 8.8 po-
lyacrylamide gel electrophoresis at a concentration of 15% and at a constant vol-
tage of 120 v and 80 milliamperes for 45 minutes. Visualization of the protein
bands was performed by staining the gels with 0.2% Coomasue R-250 blue in
methanol:acetic acid:water (25:10:85) at room temperature for 6 hours; then de-
colorized in a solution of methanol:acetic acid:water (25:10:85). The area of the
colored and extensive caseins it is the position between the 30 and 40 kDa bands,
whereas GMP was observed below 30 kDa [6].

2.2.2. Physico-Chemical Tests
Milk protein: crude protein (CP) titration by the Kjeldahl method, based on the
NTE INEN 16:84 [23].

Milk fat: the evaluation was made based on the Gerber Method, proposed in
the NTE INEN 12:73 [24].

Density of the milk: it was made according to the established in the NTE 11:84
[25], through the method of the lactometer.

pH of the milk: the determination was made by direct reading by introducing
the electrode of a pH meter, previously adjusted with buffers of known pH 4.00
and 7.00, in the milk previously heated and homogenized at 40°C (to disperse
the fat) and then cooled to 20°C, based on the NTE 1500 [26].

2.2.3. Microbiological Tests
Reductase test: according to NTE INEN 18:73 [27] based on the methylene blue
method.

2.3. Statistical Analysis

The physicochemical and microbiological characteristics were evaluated by ana-

lysis of variance and Duncan at 5%.

3. Results
3.1. GMP in Milk

The presence of Glucomacropeptide in the milk of the control treatment (TO
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[negative control]) was negative, whereas in the milks in which the different
whey levels were applied (1%, 5%, 10% and 15%) was positive in all cases, evi-

dencing a band of 20.9 kDa in the electrophoresis.

3.2. Protein Percentage (%)

The average protein of the milk obtained in the present investigation was 3.24%,
with a coefficient of variation of 2.36%, when performing the analysis of va-
riance it was possible to determine there was no statistical difference between the

treatments.

3.3. Fat Percentage (%)

Milk including milk whey on average recorded 3.86% of fat and a coefficient of
variation of 1.38%, when performing analysis of variance did not determine sig-
nificant differences between different levels of whey in adulterated milk. When
analyzing Figure 1(a), the fat content is significantly related (P < 0.02) with
whey levels, in this way it can be mentioned that 28.07% of milk fat depends on
the inclusion of whey and for each percentage of inclusion of whey, the fat per-

centage is reduced by 0.005%.

3.4, Milk pH

The milk pH included cheese whey on average was 6.67, with a coefficient of
variation of 0.58%; by subjecting the experimental results to the analysis of va-
riance, it was possible to determine that there are significant differences between
the different levels of whey. The use of 1% and 5% of whey allowed to register
6.73 and 6.70 of pH, which differ significantly from the rest of whey milk levels,

(@) o 1.033
<

4100 = -0.0055x + 3.8894 g 1033 ¢ N . N
© : ”_ o — 1.033 y = -4E-05x + 1.032
o 4.000 ¢ R?=28.07% < 1,033 T R2 = 22.86%
Ty 39004e &  P<002 < 8 1032 S Lamm
@G 3800 ¢4 > e T 1032 — P <003
&= 3.700 T 1.032 ¢ ¢ o <

0 5 10 15 205 1032
(m]
Niveles de suero ®) 0 5 10 15 20
Niveles de suero
(© &850 y =-0.0072x + 6.7095
R? = 49.98%
o 6800 | # P <00l 4200 . y=0.0013x- 0.031x + 4.0419
8 6.750 ' @ 4.100 R? =76.02%
S 6700 40— o . g 4000 $F 4 P<001 .
T 6.650 B — g 3800 7__3" 7_3
S5 6600 4 * e £ 3.700
=}
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o
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Figure 1. Physicochemical parameters of milk under the effect of the application of different levels of whey (a) Fat per-

centage; (b) pH percentage; (c) Density percentage; (d) Reductase percentage.
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mainly of 15% whey with which 6.60 of pH was reached. In Figure 1(b) it is de-
termined that the pH of the milk is significantly related to the whey levels in-
cluded in the whole milk and 49.98% of pH depends on the application of whey
and for the percentage of its inclusion, the pH is reduces in 0.007, that is to say

that as whey is included milk tends slightly to acidification.

3.5. Milk Density

On average, the milk density included cheese whey registered 1033 g/ml with a
coefficient of variation of 0.04%; when the experimental results were submitted
to the analysis of variance, it was possible to determine that no significant dif-
ferences between the treatments were observed. When analyzing the experimen-
tal results, according to Figure 1(c), it is possible to show that the milk density is
significantly related (P < 0.03), with the whey levels included in the whole milk,
thus we have that the density 22.86% of the milk depends on the whey levels ap-
plied, it being stated that for each percentage of whey included the density of
milk reduces by 0.001 g/ml.

3.6. Reductase

According to the reductase analysis, the average milk recovered normal color at
3.94 hours, with a coefficient of variation of 1.12%; when submitting the experi-
mental results it was possible to notice that there are significant differences be-
tween the different treatments. When analyzing the milk without the application
of whey, it takes 4.07 hours to recover its normal color, a value that differs sig-
nificantly from other treatments, mainly 15% whey, which reached 3.86 hours in
taking the natural color. According to Figure 1(d), the milk oxidation time was
found to be significantly related (P < 0.01) to a quadratic regression, and, 76.02%
reductase was dependent on whey levels and per percentage of use of whey up to
10%; it tends to reduce the time of reductase in 0.031 hours and to include levels

higher than 10% of whey the reductase time increases again in 0.0013 hours.

4. Discussion
4.1. GMP in Milk

Milk is one of the most complete foods that exist in nature and has been con-
sumed by man for many years. Since the milk industrialization and its deriva-
tives began, the adulteration of this food was increased in order to obtain greater
revenue. One of the most commonly used forms of milk adulteration is the addi-
tion of water and/or whey from the manufacture in fresh cheese rich in GMP.
This study shows that there was no presence of GMP in unadulterated raw
milk belong to control group (To) due to the absence of this adulteration indi-
cator that only allows identify the presence of serum in milk, as indicated by
Alcézar, C., et al [8] since it is not possible to find it in free form in milk unless
it contains added whey. Positive results (from intentionally adulterated milk)
coincide with Alcéazar, C., ef al [8] who verified the presence of GMP as an in-

dicator of dehydrated milk adulteration with cheese whey, and as mentioned by
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Galindo, C., et al [6] as the method determines the adulteration of milk with
whey at levels as low as 1%, and who point out that GMP is evidenced as a 20.9
kDa band because it most likely represents a trimeric form of the peptide.

Other studies also determine the presence of GMP in milk, but by reverse
phase high-performance liquid chromatography with mass spectrometry detec-
tion [28], and through the use of an immunoassay method, based on the detec-
tion of GMP by sandwich ELISA system Chavez, et al [21], with conjugation of
pure anti-GMP antibodies to a biotin ester; also GMP can be detected by HILIC
(Hydrophilic Interaction Liquid Chromatography) optimization [29], by polya-
crylamide gel electrophoresis and cellulose acetate strips by thiobarbituric acid
and malachite green staining reactions [30] and by HPLC and SDS-PAGE as
found in marketed milk in Mexico [20].

On the other hand, other studies indicate the presence of bands of 20.1 and 14
kDa corresponding to samples of pure GMP, the original immunogen, in differ-
ent states of aggregation [31]. These protein bands were not observed in samples
of unadulterated milk, indicating that there was no cross-reactivity, although
these authors developed a method of analysis by immunoblot for the detection
of GMP using anti-GMP polyclonal antibodies.

4.2. Protein Percentage (%)

The average milk protein obtained in this research and shown in Table 2, is
within the normal parameters (minimum of 2.9%) established by the standard
norm NTE INEN 9 [2], as indicated by Meyer [4], 3.2% protein, Silva [7] 2.9% -
5.6%, Alviar, J. [32] 3.7%, Villegas [5] 2.8% - 3.5%, Lopez [33] 3.5%; with the
aforementioned it can be pointed out that the protein content in the present

study is within the normal parameters of milk.

Table 2. Physical-chemical, microbiological and organoleptic behavior of milk including
four levels of whey (1%, 5%, 10% and 15%).

Wheylevels
Variables CV% Average Sign
Control 1% 5% 10% 15%
GMP N b P a P a P a P A *
Proteins (%) 328 a 320 a 320 a 330 a 320 A 236 3.24 Ns
Fat (%) 390 a 388 a 388 a 380 a 383 A 138 3.86 Ns
Ph 668 ab 673 a 6.70 a 6.63 bc 6.60 C 0.58 6.67 o
Density (g/ml) 1.033 a 1.033 a 1.033 a 1.032 a 1.032 A 0.04 1.033 Ns
Reductase test (h) 407 a 399 b 391 c 3.8 C 38 C 1.12 3.94 b
Color (points) 500 a 491 a 484 a 450 B 4.13 C 203 4.68 b
Taste (points) 499 a 490 a 483 a 449 B 412 C 204 4.67 o
Smell (puntos) 497 a 488 a 481 a 447 B 410 C 2.04 4.65 b
Total 1496 a 14.69 ab 14.49 ab 1346 B 1234 B 2.04 13.99 o

Equal letters do not differ significantly according to Duncan at 5%. CV%: Coefficient of variation. N: Nega-
tive. P: Positive, Sign: Significance is defined as the ratio of the standard deviation to the mean. Ns: There
are no significant differences (P > 0.05). *: Significant differences (P > 0.05). **: Highly significant differ-
ences (P > 0.05).
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Other studies also show that milk adulterated with whey has average values of
total protein (3.25% - 3.75%), total solids (11.9% - 13%) and other physico-
chemical parameters that are within normal limits established by Ecuadorian
legislation [2], except in a sample, which is well below the minimum established

by the regulations.

4.3. Fat Percentage (%)

In relation to the average fat of the milk obtained in this study (Table 2), it is
within the normal parameters (minimum 3%) established by NTE INEN 9 [2],
as indicated by Meyer [4] 3.7%, Silva [7] 2.5% - 6%, Alviar, J. [32] 3.5% - 6.1%,
Lopez [33] 3.7%; it is then pointed out that the fat content is within the normal
parameters of the milk.

The results obtained in this study coincide with the results published by
Aratjo [28] in which the fat content is in an average of 3.6% + 0.1%, in 3 repeti-
tions of the presence of GMP in milk, and reported by Galindo, C., ef al [6]
where adulterated milk with whey has fat values between 3.10% and 4.0%, except
in a sample, which is below the minimum established by the NTE INEN 9 [2].

4.4. Milk pH

As for the average of the results in relation to pH (Table 2), the data obtained
are within the normal parameters indicated by Meyer [4], 6.6, Silva [7] 6.6 - 6.7,
Alviar, J. [32] 6.5 - 6.6, Lopez [33] 6.5 - 6.7; it is then pointed out that the pH is
within the normal parameters of milk, although statistically there was significant
difference between treatments.

In the study by Aradjo [28] of the determination of GMP in milk by liquid
chromatography there were no alterations in milk acidity in 3 repetitions, with
an average of 0.15% + 0.01% of acidity being present in all cases, milk within

normal parameters and without significant difference between treatments.

4.5. Milk Density

The average milk density obtained in this research and shown in Table 2, is
within the normal parameters (1028 - 1033 g/ml) established by the NTE INEN
9 [2], as well as indicates Meyer [4] 1030 g/ml, Silva [7] 1028 - 1034 g/ml, Lépez
[33] 1028 - 1038 g/ml; with the above mentioned it can be indicated that the
density obtained is within the normal parameters.

Our results coincide with those obtained in a study of presence of GMP in
milk by liquid chromatography [28], where the density (in g/ml) is found in an
average of 1030 + 0.002, 1028 + 0.001 and 1030 * 0.005, in the 1st, 2nd and 3rd

repetitions, respectively.

4.6. Reductase

All microorganisms have a reducing power because they can eliminate oxygen,
being the main ones Lactococcus, coliforms and Bacillus [33]. According to Car-

rién [34], the time it takes methylene blue from its oxidized form (blue) to re-
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duced (colorless) under controlled conditions is proportional to the sanitary
quality of the milk, but does not indicate the number of microorganisms present;
based on this, it classifies the milk according to the following values: good to ex-
cellent more than 8 hours, regular to good of 6 - 8 hours, acceptable 2 - 6 hours
and bad less than 2 hours; with the aforementioned it can be pointed out that the
microbiological conditions are within the acceptable parameters.

The results obtained in our research coincide with those recorded by Aratjo
[28], where the bacterial content and the tables were stable in the 3 treatments
studied (average of 1.0 x 10' CFU/ml + 0.001), but not with the study conducted
by Bremer [35] where they determined the interference of the protease activity
produced by bacteria of the genus Pseudomonas, as an indicator of milk adulte-

ration with whey cheese.

5. Conclusion

The results obtained showed that the detection of glucomacropeptide by elec-
trophoresis was positive in all samples of adulterated milk, evidencing a band of
20.9 kDa in the reading, corresponding to the molecular weight of the GMP. The
present study determined that the detection of GMP by electrophoresis is a sen-
sitive and specific method able to detect GMP in adulterations with concentra-
tions of up to 1% of whey, showing to be a robust method that could be used in
the routine of the dairy industry, as well as evidenced that the milk adulterated
with whey maintains constant its microbiological, physical and chemical charac-
teristics without denoting the possible presence of adulterations; there are no
significant differences between treatments, except for the pH that tends to de-

crease as the percentage of serum in the milk increases.
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