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SUMMARY

Individual milk samples taken every two weeks from parturition to the end of lactation from 34 animals of three different herds and breeds
were analyzed for free-GMP. A milk pool of each herd was analyzed for free and total GMP (released from k-casein by the action of rennin)
and the data were correlated with sanitary conditions of animal and udder, phase of lactation and milk production. Most udder problems
were concentrated near parturition, with few and spaced occurrences of clinical mastitis. The Californian Mastitis Test (CMT) results
showed oscillations compatible with the phases of lactation period and environmental conditions. The widest variations in free-GMP
occurred as a function of lactation period and as a consequence of clinical or subclinical mastitis. Higher levels were observed at the
beginning of lactation (5.87mg L! of sialic acid), becoming normal with mean values of about 3.30mg L* at the end of the second month,
and increasing again during the final third of lactation. On average, the same trends were observed for total GMP released by commercial
rennet, beginning with slightly high values (35.59mg L!), becoming normal by the sixth month with values close to 27.15mg L'!, and rising
gradually up to the end of lactation, with 58.35mg L of sialic acid. These results prove to be useful for the correct interpretation of tests
applied to milk selection with respect to proteolytic status or even to restrain frauds by the addition of whey to milk.
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RESUMO

VARIACAO DOS TEORES DE GMP (GLICOMACROPEPTIDEO) LIVRE E TOTAL NO LEITE BOVINO DURANTE A LACTACAO. Amostras
quinzenais, desde o parto até o final do periodo de lactacao, obtidas de 34 vacas de trés diferentes racas e propriedades, foram
analisadas quanto a presenca de GMP livre. Um “pool” das amostras quinzenais de cada rebanho foi analisada tanto para o conteudo
de GMP livre quanto para o GMP total (liberado da k-caseina pela acao da renina), correlacionando-os com as condicoes sanitarias do
animal e do Ubere, a fase da lactacao e a producao de leite. A maioria dos problemas sanitarios concentrou-se préoximo ao parto, com
poucas e espacadas ocorréncias de mastites clinicas. Os resultados do teste de CMT mostraram reacoes compativeis as fases da
lactacao. Para o GMP livre as maiores variacoes ocorreram em funcao do periodo de lactacao e em consequéncia de mastites clinicas e
subclinicas. Valores elevados foram observados no inicio da lactacao (5,87mg de acido sialico/L de leite), normalizando para valores
proximos de 3,30mg/L ja ao final do segundo més e voltando a elevar-se no terco final da lactacao. Em média, as mesmas tendéncias
foram observadas para o teor de GMP total liberado pela acao de coalho comercial, iniciando com valores ligeiramente elevados
(35,59mg/L), tornando-se normal e assim se mantendo até o sexto més com valores proximos a 27,15mg/L, e novamente elevando-se
gradualmente até o final da lactacao, com 58,35mg de acido sialico/L de leite. Esses resultados mostram-se uteis para a correta
interpretacao de métodos aplicados a selecao do leite, seja em relacao ao “status” proteolitico da matéria-prima ou mesmo para coibicao
de fraudes por adicao de soro ao leite.
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1 -INTRODUCTION

According to JOLLES & FIAT [14], k-casein is the
main glycoprotein of cow’s milk. Its polysaccharide part
is O-glycosidically linked to threonine residue 133,
containing only three different sugars: Gal,, GaLNAc and
NeuNAc. Human x-casein contains at last three times
more carboydrate than bovine casein.

Glycomacropeptide (GMP) released from k-casein
by the action of chymosin (rennet) during cheese making
is a C-terminal peptide (residues 106-169) containing
varying amounts of sugar including N-acetylneuraminic
acid (sialic acid) [5]. GMP is a single peptide of 6,755
Da. containing 64 amino acid residues (4 Asp, 11Thr, 6
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Ser, 10 Glu, 8 Pro, 1 Gly, 6 Ala, 6 Val, 1 Met, 7 Ile, 1 Leu
and 3 Lys), and lacking sulphur and aromatic amino
acids [15, 23, 26].

The k-casein GMP is an important proteolytic action
marker, being useful to ensure quality control of raw
milk as well as to control industrialization processes,
mainly in the production of cheese and sweet whey.
Determination of sialic acid in sweet whey is useful since
the concentration of sialic acid reflects the amount of
GMP present [1].

The sialoconjugate content of human milk has been
extensively documented; however, little attention has
been paid to the changes occurring in these compounds
in cows during lactation [17]. Beneficial biological roles
attributed to GMP or peptides derived from it include
stimulation of cholecystokinin (a hormone regulating
energy and food intake) released from intestinal cells,
inhibition of platelet aggregation and support of beneficial
intestinal bacteria (Bifidobacteria). In an in vitro study,
GMP prevented adhesion of cariogenic bacteria to tooth
surfaces, leading researchers to speculate that GMP
may reduce dental caries. Because GMP lacks the amino
acid phenylalanine, it has potential use as an ingredient
in foods for patients with phenylketonuria [10,13].
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Glycomacropeptide is known to be a biologically
active compound and is considered to be a potential
ingredient for functional foods and pharmaceuticals
[1,21]. The European Economic Community (ECC)
adopted the determination of sialic acid level as the
most appropriate procedure to reveal and inhibit frauds
by adding whey to milk and milk powders. In this feature,
HPLC has been the choice method for quantitative GMP
determination by the Brazilian Standard Methodology
[3]. Despite its advantages, HPLC is expensive and time-
consuming, factors that impair its widespread
utilization.

FUKUDA, ROIG & PRATA [6, 7] described a new
spectrophotometric method for the quantitative deter-
mination of sialic acid in milk and milk products using
acidic ninhydrin (GAITONDE’S reagent). Due to the
qualities of the method, they proposed its use as a
screening test for selection of milk. However, while GMP
is released from k-casein by the action of chymosin, it
is now well documented that normal milk has naturally
variable amounts of free-GMP, varying according to
lactation stage and sanitary conditions of the udder.

Recently, FUKUDA, ROIG & PRATA [8] (unpublished
data) showed an excellent correlation between the
quantitative sialic acid method (acid ninhydrin) and HPLC
for GMP (r = 0.996), permitting the widespread use of the
spectrophotometric method, a simple, inexpensive and
rapid method.

Considering the variability of milk glycosylation and
the need for this information for the correct interpretation
of methods for GMP analysis, the objective of the present
study was to verify the variations of free-GMP and GMP
released from x-casein by rennin in bovine milk in terms
of lactation stage, milk production and sanitary udder
conditions throughout lactation for three groups of
different cattle herds.

2 - MATERIAL AND METHODS

Thirty-four cows were selected at the beginning of
the lactation period from three different farms and breeds
(april/98 to june/99, west region of Sao Paulo state,
Brazil). Animals from farm A (10) were 7 /8 Holstein cows
producing an average of 11kg of milk in the first of two
milkings. Animals from farm B were 11 pure Holstein
cows producing an average of 23kg of milk in the main
milking and, animals from farm C, were 13 half-bred
cows (Holstein x Nelore) producing an average of 9kg of
milk in the first of two milkings.

Samples were collected at 15 day intervals from the
colostral period to the end of lactation. Before sample
collection the sanitary conditions of the animals were
evaluated at the first milking time, with special
attention to the udder. The CMT tests were applied and
individual milk production was recorded.

Samples were carried to the laboratory in an ice-
bath. Individual samples were analyzed for free-GMP.
A pool of samples from all animals on each farm was

analyzed for free-GMP and, after clotting milk with
commercial rennet simulating the usual practices of
cheese making, for rennin-released GMP (or total GMP).

Free-GMP: each milk sample was mixed with the
same amount of a 24% TCA solution, left to stand for 30
minutes, and filtered (Whatman). Duplicates of 10mL of
the filtrates were mixed with 1mL of 20% PTA solution
and centrifuged at 3,500rpm/ 10 minutes. The supernatant
was discarded and the pellet remaining in each tube was
washed with 8mL of ethanol, and centrifuged again, and
the supernatant was discarded. Two (2)mL of glacial acetic
acid were added to each test tube (pellet) and the
preparation was mixed well in a vortex mixer to re-dis-
solve the pellet. One (1)mL of ninhydrin acid solution
(GAITONDE’S reagent) was added and the preparation
was placed in a strong water-bath for exactly 10 minutes,
followed by an ice-water bath to cool the samples to room
temperature. Absorbance readings of each test tube were
taken in the visible range of the spectrophotometer at
470nm. The results were recorded and average
absorbance, standard deviations and coefficients of
variation were calculated. Sialic acid was quantitated
using a standard curve constructed with pure sialic acid
(95% sialic acid from SIGMA Co.)[27, 28].

Total-GMP: after clotting with proportional
amounts of commercial rennet solutions, each pool
sample was cut for separation of sweet whey. Samples
of whey were mixed with the same amount of 24% TCA
solution and then submitted to the same procedures
as used for free-GMP, yielding the amount of GMP
released from k-casein by the action of rennin.

3 - RESULTS AND DISCUSSION

The levels of free-GMP for all individual samples
showed high average values near the colostral period at
the beginning of lactation, corresponding to 5.87mg L*
of sialic acid, with a fast decrease to normal milk levels,
with mean values of about 3.30mg L, showing little
variation from the second month to the final third of
lactation, when a trend to a permanent increase of free
levels was observed, but with wide variation among
animals and groups.

TABLE 1. Free and total GMP levels detected in individual and
pooled milk samples obtained from animals from three farms.

Farm Free-GMP (individual samples) Total GMP (pool samples)
mg/L mg/L

n | X [ s [ me [ min|Max| n | x' [ sé [ md [ min. [ Max
A 190 469 125 416 326 994 22 3945 1486 33.94 2202 77.06
B 220 369 022 347 301 525 22 3321 11.01 30.82 20.73 71.19
C 260 477 1.28 420 292 835 22 4293 1468 37.98 2569 80.18

Total 670 433 0.62 396 - - 22 3880 1211 34.55

n = samples; X! = Average mean; Sd? = Standard deviation; Md® = Median value; Min
= Minimum value; Max = Maximum value.

MORRISSEY [19] showed that bovine milk contains
177mg L of sialic acid with 142mg L* (80.2%) attached
to the casein fraction. Thus, 19.8% or 35mg L is free
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sialic acid or other sialoconjugates. HOFI et al [12] found
169mg L! of sialic acid in bovine milk, 74% attached to
the casein fraction. Of this amount, only 50-55% was
released by the action of chymosin. For buffalo milk,
GANGULI [9] showed contents varying from 1.57 to
2.70mg of sialic acid/g of casein micelle. Rennin action
was found to release only 47% of the submicelle content
of and about 85% of the casein micelle content.

The differences observed in the present work may be
due to the experimental conditions. While MORRISSEY
[19] and HOFI et al. [12] analyzed milk for total sialic acid
content, here the values represent only the sialic acid
attached to free-GMP peptides. Free sialic acid or other
low molecular weight sialoconjugates remain soluble in
the supernatant phase after centrifugation and then are
discarded. The average values of free-GMP for each ani-
mal group (farms A, B and C) are shown in Figure 1, with
distinction for the average values for all animals and the
entire lactation period. It could be observed that trends
remained the same until the 11% sample (180 days) with
little variations among results for different farms and
breeds. While two farms showed a permanent increasing
trend in free GMP content, the other showed unchanged
values until the 17" sample (270 days).

For normal milk, although individual variations have
occurred, the average values of free-GMP remained
practically constant, near 3.30mg L. Strong individual
variations in this phase were correlated with clinical and
subclinical mastitis as recorded by sanitary udder
evaluation at each sample collection, confirmed by
literature data [2, 24, 25]. In these cases, values of about
19.8mg L of sialic acid were seen, always associated
with sanitary conditions of udder. At the end of the
lactation period a permanent trend to increasing free GMP
values was observed. Lower data on the curves were due
to the exclusion of experimental animals from milking.

For all farms, free GMP levels of pooled milk samples
changed from 3.10 to 6.60mg L' throughout the
lactation period, with an average of 4.30mg L' of sialic
acid and a median of 4.00mg L.
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FIGURE 1. Evolution of free-GMP in milk for each farm
group cows with distinction for average results for all
animals during the entire lactation period.

Variations in total GMP, or GMP released from
k-casein by the action of rennin, were similar to

variations in free GMP. High values were observed at
the beginning of the lactation period, followed by a fast
decrease to normal values which continued unchanged
until the 12" sample (195 days) and then by strong
variations and a trend to increasing values until the
end of lactation (Figure 2). Total GMP changed from 24.2
to 64.4mg L1 of sialic acid, with an average value of
38.8 and a median of 34.2mg L!. On average, these
values were 9 to 10 times greater than those observed
for free-GMP. Sweet whey obtained during cheese
making shows GMP values that are 9 to 15 times greater
than values observed for free GMP content of normal
milks
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FIGURE 2. Evolution of Free and Total GMP throughout
the lactation period with respect to average milk
production in the sampled milking.

The trends observed here both for free and total GMP
are similar to those observed by MARTIN et al. [17]. They
showed the highest values in the colostrum, decreasing
in transitional and mature milks and increasing again
in late-lactation bovine milk. Similar trends were
described by MARIER et al. [16], MORRISSEY [19],
ROBITAILLE et al. [22] and SHING & GANGULI [24] for
bovine milk, and by CARLSON [4], HEINE, WUTZKE &
RADKE [11], MILLER et al. [18] and NAKANO,
SUGAWARA & KAWAKAMI [20] for human milk. Total
sialic acid content of human milk is very high when
compared to bovine milk, with reported values varying
from 25682mg L to 1,300 * 322mg L. MILLER et al.
[18] showed that sialic acid content of human milk
decreases 71% from the first week to the third month of
lactation. They suggest that the changes observed may
simply reflect the aging of the cells responsible for milk
secretion, but are also consistent with a programmed
adaptation of the milk composition to the needs of the
infant.

While the second statement seems to be true, the
first does not. For bovine milk, the highest values and
widest variations are seem at the end of lactation period,
just at moment that the udder undergoes remodeling,
with increased desquamation of epithelial cells, decreased
on milk production and increased levels of proteolytic
enzymes in milk, such as plasmin.

Figure 3 summarizes the relationship between free
and total GMP with the evolution of CMT tests applied
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to all experimental cows throughout lactation, with 680
CMT results. It could be observed that both for free
and total GMP the trend to increasing values while
lactation progressed is similar to the trend of evolution
of somatic cellular content of milk, expressed by the
results of the CMT tests. The drops in curves for both
GMP and CMT observed at the end of lactation (end of
the third period) were artificially produced by the
exclusion of experimental cows from the milking line,
with lactation ending at different times.

Another interesting result is illustrated in Figure 2,
which shows the evolution of free and total GMP in
relation to milk production. Although working with
different breeds with different capabilities for milk
production, on average it could be observed that the cur-
ves showed inverse trends. While during phases of high
production free and total GMP remained practically
invariable with lower values, during the third period both
free and total GMP tended to show a permanent increase
with decreasing milk production. The decrease in milk
production during the third period reflects a normal
physiological feature, with a decreased synthesis rate
and an increase in epithelial cell desquamation, with
reflexes on the CMT tests. With inverse trends for free
and total GMP we may speculate that the rate of
glycosylation of the casein fraction of milk remains
practically constant throughout lactation, with k-casein
being more glycosylated while lactation progresses.
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FIGURE 3. Evolution of free and total GMP throughout the
lactation period with reference to the evolution of CMT
positive results.

4 - CONCLUSIONS

Milk free and total (released by rennet) GMP varies
according to lactation period, sanitary conditions of udder
(clinical and subclinical mastitis) and as an inverse
function of milk production.

Free GMP shows mean values of 3.30mg of sialic
acid/L in mature milk, being high near the colostral
period and during the third phase of lactation. GMP
released from k-casein by rennet shows a similar pattern
of evolution while lactation progresses, with an average
of 38.80mg/L and a median of 34.40mg/L. These values
are, on average, at least 10 times higher than free GMP
in mature milk.

5 - REFERENCES

[1] ABD EL-SALAM, M.H.; EL-SHIBINY, S.; BUCHHEIM, W.
Characteristics and potential uses of the casein
macropeptide. Int. Dairy J., v. 6, p. 327-341, 1996.

[2] ATROSHI, F.; PARANTAINEN, J.; SANKARI, S.;
KANGASNIEMI, R.; SALONIEMI, H. Possible role of
sialic acid in bovine mastitis with particular reference
to milk electrical conductivity. Zentralbl
Veterinarmed, Oct; v. 33, n. 8, p. 620-7, 1986.

[3] BRASIL. Ministério da Agricultura e Reforma Agraria.
Instrucdo Normativa SDA n° 22, 14 abril 2003. Acido
sialico livre e ligado a glicoproteina do leite. Diario
Oficial da Unido, Brasilia, p. 83, 02 maio 2003. Secao
1. 2003.

[4] CARLSON, S.E. N-acetylneuraminic acid concentrations
in human milk oligosaccharides and glycoproteins
during lactation. Am. J. Clin. Nutr., Apr; v. 41, n. 4,
p. 720-6, 1985.

[5] EIGEL, W.N.; BUTLER, J.E.; ERNSTROM, C.A.; FARREL,
H.M.JR.; HARWALKER, V.R.; JENNESS, R.; WHITNEY,
R.McL. Nomenclature of proteins of cow’s milk: fifth
revision. J. Dairy Sci., v. 67, p. 1599-1631, 1984.

[6] FUKUDA, S.P.; ROIG, S.M.; PRATA, L.F. Metodologia
quantitativa para determinacao espectrofotométrica de
acido sialico em leite. In: Congresso Nacional de Lati-
cinios, 12°., Juiz de Fora. Anais do XII CONGRESSO
NACIONAL DE LATICINIOS. p. 114-19, 1994.

[7] FUKUDA, S.P.; ROIG, S.M.; PRATA, L.F. Aplicacao do
método da ninidrina acida como teste de “screening”
de plataforma para a detecgao da adicao de soro ao lei-
te. Ciénc. Tecnol. Aliment., - SBCTA, Campinas, V.
16, n. 1, p. 52-6, 1996.

[8] FUKUDA, S.P.; ROIG, S.M.; PRATA L.F. (Ph.D. Thesis -
FEA/UNICAMP - unpublished data). 2002.

[9] GANGULI, N.C. Stability of buffalo casein micelles. J.
Dairy Res., Apr; v. 46, n. 2, p. 401-5, 1979.

[10] HARPER, W.J. Biological properties of whey
components. A review. Chicago. IL: The American
Dairy Products Institute. 2000.

[11] HEINE, W.; WUTZKE, K.D.; RADKE, M. Sialic acid in
breast milk and infant formula food. Monatsschr
Kinderheilkd, Dec; v. 141, n. 12, p. 946-50, 1993.

[12] HOFI, A.A.; ASKER, A.A.; HAMZAWI, L.F.; ABD EL-
SALAM, M.H. Carbohydrate moiety of protein fractions
from some mammal’s milk. Asian J. Dairy Res., v. 1,
n. 2, p. 91-6, 1982.

[13] INTERNATIONAL DAIRY FEDERATION. Whey:
Proceedings of the Second International Whey
Conference, held in Chicago, USA, 27-29 October.
1997. IDF, Brussels, Belgium.1998.

[14] JOLLES, P.; FIAT, A.M. The carbohydrate portions of
milk glycoproteins. J. Dairy Res., Apr; v. 46, n. 2, p.
187-91, 1979.

[15] KUMOSINSKI, T.F.; BROWN, E.M.; FARRELL, JR.H.M.
Three-dimensional molecular modeling of bovine
caseins: k-casein. J. Dairy Sci., v. 74, p. 2879-87,
1991.

[16] MARIER, J.R.; TESSIER, H.; ROSE, D. Sialic acid as
an index of the k-casein content of bovine skimmilk.
J. Dairy Res., v. 46, p. 373-79, 1963.

[17] MARTIN, M.J.; MARTIN-SOSA, S.; GARCIA-PARDO,
L.A.; HUESO, P. Distribution of bovine milk
sialoglycoconjugates during lactation. J. Dairy Sci.,
May; v. 84, n. 5, p. 995-1000, 2001.

124 Ciénc. Tecnol. Aliment., Campinas, 23(Supl): 121-125, dez. 2003



(18]

Glicimacropeptideos em leites durante a lactacao bovina, Furlanetti e Prata

MILLER, J.B.; BULL, S.; MILLER, J.; MCVEAGH, P.
The oligosaccharide composition of human milk: tem-
poral and individual variations in monosaccharide
components. J. Pediatr. Gastroenterol. Nutr., Nov;
v. 19, n. 4, p. 371-6, 1994.

[19] MORRISSEY, P.A. The N-acetyl neuraminic-acid content

[20]

(21]

of the milk of various species. J. Dairy Res., v. 40, p.
421-25, 1973.

NAKANO, T.; SUGAWARA, M.; KAWAKAMI, H. Sialic
acid in human milk: composition and functions. Acta
Paediatr. Taiwan, Jan-Feb; v. 42, n. 1, p. 11-7, 2001.
NAKANO, T.; OZIMEK, L. Determination of sialic acid
by the thiobarbituric acid reaction in sweet whey and
its fractions. J. Agric. Food Chem., Jul; v. 47, n. 7,
p. 2613-6, 1999.

[22] ROBITAILLE, G.; NG-KWAI-HANG, K.F.; MONARDES,

(23]

H.G. Variation in the n-acetyl neuraminic acid content
of bovine x-casein. J. Dairy Res., v. 58, p. 107-114,
1991.

SHAMMET, K.M.; BROWN, R.J.; MAHON, D.J.Mc.
Proteolytic activity of proteinases on macropeptide
isolated from k-casein. J. Dairy Sci., v. 75, p. 1380-
88, 1992.

Ciénc. Tecnol. Aliment., Campinas, 23(Supl): 121-125, dez. 2003

[24]

[25]

[26]

[27]

SHING, L.N.; GANGULI, N.C. Status of casein in
abnormal milk with particular reference to mastitis.
Milchwissenschaft, v. 30, p. 17-24, 1975.

TSOLOV, V.; TSONEV, P.; GALABINOV, G.;
KAMBUROV, G. Changes in the sialic acid of milk
from cows with subclinical mastitis and their
diagnostic value. Zentralbl Veterinarmed, Oct; v. 20,
n. 8, p. 577-83, 1973.

VREEMAN, H.J.; VISSER, S.; SLANGEN, C.J.; VAN
RIEL, J.A. Characterization of bovine k-casein fractions
and the kinetics of chymosin-induced macropeptide
release from carbohydrate-free and carbohydrate-
containing fractions determined by high-performance
gel-permeation chromatography. Biochem. J., Nov 15;
v. 240, n. 1, p. 87-97, 1986.

YAO, K.; UBUKA, T.; MASUOKA, N.; KINUTA, M.;
IKEDA, T. Direct determination of bound sialic
acids in sialoglycoproteins by acidic ninhydrin
reaction. Anal. Biochem., Jun; v. 179, n. 2, p.
332-5, 1989.

[28] YAO, K.; UBUKA, T. Determination of sialic acids by

acidic ninhydrin reaction. Acta Med. Okayama, Dec;
v. 41, n. 6, p. 237-41, 1987.

125



