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ABSTRACT

The effects of some nongenetic factors on milk
protein fraction contents and relative proportions
were estimated in 606 individual milk samples of
Mediterranean water buffalo. Content of «g;-casein
(CN), agy-CN, 3-CN, ~-CN, k-CN, glycosylated k-CN
(glyco-k-CN), a-lactalbumin, and 3-lactoglobulin was
measured by reversed-phase HPLC. Relative contents
of agi-CN%, 0g-CN%, B-CN%, and k-CN% were, re-
spectively, 32.1, 17.1, 34.5, and 15.7%, whereas ~~-CN%
accounted for 0.6% of total casein content. Increasing
total casein content in milk would result in a greater
proportion of 3-CN% at the expense of all of the other
major casein fractions, especially of k-CN%. Values of
ag-CN%, B-CN%, and v-CN% tended to decrease with
parity, although their variations were not significant,
whereas ag-CN% and glyco-k-CN% showed the oppo-
site trend. Contents of most protein fractions showed
the typical trends observed for milk components as
lactation progressed, with high contents in early lacta-
tion, a minimum in midlactation, followed by a gradual
increase toward the latter part of lactation. Values of
ag-CN% increased during lactation, whereas ogy-CN%
decreased. The proportion of 3-CN% had its maximum
value between 60 and 160 d of lactation, followed by
a decrease, whereas k-CN% had its minimum value in
early lactation (<60 d) and remained relatively con-
stant in the period of mid and late lactation. Glyco-k-
CN% and (-lactoglobulin% decreased in the first part
of lactation, to reach their minimum values in midlac-
tation, followed by an increase. Milk of top-producing
buffaloes, compared with that of low-producing ones,
had a significantly greater value of 3-CN% and glyco-&-
CN%, and lower proportion of ag-CN%. The possible
effect exerted by protein genetic variants in affecting
variation of milk protein fraction contents and relative
proportions should be further considered to better get
insight into buffalo milk protein composition.
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INTRODUCTION

Studies on variation of major milk proteins are of
interest because individual caseins and whey proteins
affect the nutritional value and technological properties
of milk as a result of both qualitative and quantita-
tive variations (Wedholm et al., 2006; Bonfatti et al.,
2010a). Contents and composition of caseins and whey
proteins of bovine milk exhibit considerable variation,
being influenced by the age of cow, DIM, health status
(Kroeker et al., 1985; Ng-Kwai-Hang et al., 1987), and
genetic effects (Heck et al., 2009; Bonfatti et al., 2010b).

Buffalo ranks at the second position for worldwide
milk production and the buffalo population in Italy has
increased considerably in the last 50 yr (FAOSTAT,
1969-2009). This increased economic importance can
be ascribed to the lack of regulations based on milk
quotas, which restrict cow milk production in Europe,
and to the large market demand of Mozzarella cheese
(de Stefano, 2004). Because of the consumer demand
for buffalo dairy products, in Italy, the price of buffalo
milk is twice as high as the price of cow milk (ISMEA,
2009).

In contrast with the large number of studies on non-
genetic and genetic effects affecting protein fractions in
bovine milk, few and conflicting results are available for
buffalo milk protein composition. To date, studies on
buffalo milk protein fractions have been conducted us-
ing samples of few animals (Addeo, 1979; D’Ambrosio
et al., 2008; Ariota et al., 2009) or using cow milk
proteins as calibration standards (Feligini et al., 2009;
Buffoni et al., 2011).

Despite the worldwide spreading of the buffalo, no
studies have been carried out on the variation of de-
tailed protein composition of buffalo milk. Aims of this
study were to quantify the major milk protein fractions
for a large sample of animals and to investigate the
effects of some nongenetic factors on the content and
composition of buffalo milk proteins.
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MATERIALS AND METHODS
Milk Sampling

Single test-day milk samples of 606 Mediterranean
water buffaloes were collected in 14 commercial herds
(Campania, south of Ttaly) from October 2010 to Janu-
ary 2011. One composite sample of milk collected dur-
ing the morning and the consecutive evening milking
was obtained for each animal. To prevent proteolysis,
milk was immediately frozen after collection and stored
at —20°C until the transfer to the Department of
Animal Science of the University of Padova (Legnaro
Padova, Italy). Samples were stored in dry ice during
the transfer and kept at —40°C until reversed-phase
HPLC (RP-HPLCQC) analysis. Parity number, DIM,
day of test, and milk yield were supplied by the Italian
Water Buffalo Breeders Association (ANASB, Caserta,
Italy). Because all buffaloes of a herd were sampled
on the same test day, herd and test-day effects were
confounded.

Milk Protein Composition

Contents of ag-CN, agy-CN, 3-CN, ~-CN (which
was the sum of all v-CN fractions), k-CN, glycosylated
k-CN (glyco-k-CN), 3-LG, and a-LA were measured
using the RP-HPLC method developed by Bonfatti et
al. (2008) for cow milk. An RP-HPLC chromatogram
obtained from an individual buffalo milk sample is re-
ported in Figure 1. According to Bonfatti et al. (2008),
different proteins or genetic variants of a protein might
have different response factors at 214 nm. As a conse-
quence, the same content of different proteins might
provide different peak areas in the chromatogram. For
this reason, ag;-CN A and B, agy-CN, 3-CN, k-CN X1
and X2, 3-LG, and a-LA were purified from individual
samples of buffalo milk with known genotype by semi-
preparative RP-HPLC and lyophilized to be used as
calibration standards. A specific calibration equation
was obtained for each protein or protein genetic vari-
ant. For 4-CN, the same calibration equation of 3-CN
was used. Details on the analytical RP-HPLC method,
as well as the description of the semipreparative meth-
od for purification of protein fractions, can be found
in Bonfatti et al. (2008). A detailed description of the
HPLC phenotyping and DNA genotyping of ag-CN
and k-CN genetic variants of buffalo has been reported
by Bonfatti et al. (2012).

Total casein content (TCN, g/L) was computed as
the sum of ag-CN, ag-CN, 3-CN, ~-CN, and k-CN
contents. Total whey protein content (WH, g/L) was
calculated as the sum of o-LA and (3-LG contents.
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Protein composition (i.e., the relative proportions of
protein fractions) was computed as the percentage ratio
of agi-CN (ag-CN%), ag-CN (ag-CN%), B-CN (B-
CN%), ~-CN (4-CN%), and k-CN (k-CN%) to TCN,
as the percentage ratio of glyco-k-CN to k-CN (glyco-k-
CN%), and as the percentage ratio of 3-LG to WH (3-
LG%). As WH is the sum of a-LA and 3-LG contents,
the percentage of a-LA was not included because it
can be derived from 3-LG%. As frequency distributions
of 4-CN and ~~-CN% were not Gaussian, logarithmic
transformations of ~-CN and ~-CN% were computed
(L~N-CN and L~-CN%, respectively).

Statistical Analysis

Effects of environmental factors and milk yield class
on milk protein composition were estimated using a lin-
ear model and the GLM procedure of SAS (version 9.2;
SAS Institute Inc., Cary, NC). The linear model was

yzjklm = .PICZ—'.Z)Z + P] + DIMk + MILKZ + eijklm,

where y ., is a measure of a trait; HTD; is the fixed
effect of herd test day i (i =1, ..., 14); P; is the fixed
effect of parity class j (j = 1: first parity; j = 2: second
and third parity; j = 3: fourth and fifth parity; j = 4:
parity greater than 5); DIM, is the fixed effect of the
DIM class k (k = 1: less than 60 DIM; k = 2: from 60
to 159 DIM; k = 3: from 160 to 219 DIM; k = 4: from
220 to 279 DIM; k£ = 5: DIM 280 or greater); MILK,

Figure 1. Example of a reversed-phase HPLC chromatogram ob-
tained from an individual buffalo milk sample.



VARIATION OF DETAILED MILK PROTEIN COMPOSITION IN BUFFALO

Table 1. Descriptive statistics for detailed protein composition of individual samples of Mediterranean water

buffalo milk (n = 606)"

Trait? Mean vV, % P1 P99
TCN, g/L 48.81 11.79 34.14 62.61
WH, g/L 9.49 13.59 6.67 12.95
Protein fraction content, g/L
ag-CN 15.58 13.10 10.58 21.24
ag-CN 8.34 17.49 5.01 12.22
3-CN 16.83 17.27 9.96 24.09
I~-CN —1.46 34.37 —2.84 —0.12
k-CN 7.68 11.75 5.83 9.99
Glyco-k-CN 2.52 23.54 1.23 4.06
a-LA 4.07 26.84 1.89 6.97
3-LG 5.42 17.54 3.52 8.07
Protein composition, %
ag-CN% 32.12 6.97 26.84 37.29
ag-CN% 17.09 15.45 10.95 23.29
B3-CN% 34.48 9.15 27.11 41.70
L~-CN% —0.74 62.34 —2.06 0.53
k-CN% 15.73 8.54 12.25 19.25
Glyco-k-CN% 31.81 20.42 17.04 47.31
B-LG% 57.11 15.01 39.87 75.18

'P1 = first percentile; P99 = 99th percentile.

*Contents of all protein fractions were measured by reversed-phase HPLC on skim milk. TCN = total casein
content = ag;-CN + agy-CN + (3-CN + ~-CN + k-CN; WH = whey protein = a-LA + B-LG; Glyco-k-CN =
glycosylated form of k-CN; ag-CN%, ag-CN%, B-CN%, v-CN%, and k-CN% are measured as percentages of
TCN; Glyco-k-CN% is measured as percentage of k-CN content; 3-LG% is measured as percentage of total WH
content; Ly-CN and L~y-CN% are logarithmic transformations of n-CN and ~-CN%, respectively.

is the fixed effect of the milk yield class I (I = 1: class
including the 10% low-producing buffaloes; I = 2: class
including the 80% medium-producing buffaloes; [ = 3:
class including the 10% top-producing buffaloes); and
€jkim 15 & random residual. Classes of DIM were defined
on the basis of the estimated dynamics of milk protein
percentage throughout lactation described for Mediter-
ranean water buffalo by Catillo et al. (2002). The ef-
fects of the calving season and the interaction between
parity and DIM class were also tested, but they did not
significantly affect variation of any of the investigated
traits and were not further considered in the model.
Pearson product-moment correlations for milk protein

composition were computed using the CORR proce-
dure of SAS.

RESULTS AND DISCUSSION
Descriptive Statistics

Descriptive statistics for the investigated traits are
reported in Table 1. In agreement with data reported
by Catillo et al. (2002), individual milk yield ranged
from 1 to 18 kg/d and DIM ranged from 5 to 356.
The average protein content reported for Italian water
buffalo (Catillo et al., 2002) and the average protein
content measured by RP-HPLC differed to a large
extent. This was expected and is to be primarily as-

cribed to the skimming of milk before chromatographic
analysis. Moreover, content of milk protein assessed by
HPLC was measured in weight per volume, whereas
that quantified during herd milk recording procedures
was measured in weight per weight. After adjusting for
skimming and specific gravity of milk, the averages of
the 2 traits were comparable.

Proportions of the 4 major casein fractions were
consistent with those reported by Addeo et al. (1977),
Addeo (1979), and D’Ambrosio et al. (2008), but in
contrast with those reported by Feligini et al. (2009).
Relative contents of a-LA and 3-LG in WH were 42.9
and 57.1%, respectively, and comparable with contents
reported by Addeo and Coppola (1983), Addeo et al.
(1996), and D’Ambrosio et al. (2008), but in contrast
with findings by Buffoni et al. (2011). Likely, inconsis-
tencies of results between Buffoni et al. (2011) or Feligini
et al. (2009) and other studies originated from the use
of commercial purified proteins from cow milk to obtain
the calibration curves for HPLC quantification. When
we replaced calibration equations based on buffalo milk
purified proteins with equations developed through the
use of cow milk proteins, averages of protein fractions
contents were similar to those obtained by Buffoni et
al. (2011) and Feligini et al. (2009). Because different
proteins have different response factors (Bonfatti et al.,
2008), the use of protein standards from cow milk to
quantify buffalo milk proteins should be avoided.
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Table 2. Pearson product-moment correlations for total casein, whey protein, and milk protein composition (n = 606)1

Trait WH agi-CN% ag-CN% B-CN% L~-CN% k-CN% Glyco-k-CN% B-LG%
TCN 0.27 —0.11 —0.19 0.39 NS —0.38 —0.20 0.17
WH NS 0.17 —0.16 —0.09 0.09 NS —0.26
ag-CN% —0.32 —0.53 0.34 0.11 0.35 0.35
ag-CN% —0.52 —0.08 NS —0.12 —0.12
B3-CN% —0.30 —0.46 —0.32 —0.12
L~N-CN% NS 0.26 0.43
k-CN% 0.32 —0.18
Glyco-k-CN% 0.16

'TCN = total casein content = cg-CN + agp-CN 4 3-CN + ~-CN + k-CN; WH = whey protein = a-LA + 3-LG; Glyco-k-CN = glycosylated
form of k-CN; ag-CN%, ago-CN%, 3-CN%, v-CN%, and k-CN% are measured as percentages of TCN; Glyco-k-CN% is measured as percentage
of k-CN content; 3-LG% is measured as percentage of total WH content; Ly-CN and L~-CNY% are logarithmic transformations of ~~CN and

~-CN%, respectively.

Correlations for the Investigated Traits

Pearson product-moment correlations for the investi-
gated traits are reported in Table 2. A moderate posi-
tive correlation was observed between TCN and WH.
Correlations indicate that variation of protein content
in buffalo milk is moderately associated with changes
in casein and whey protein composition. Increased
TCN in milk would result in an increased proportion of
B-CN% and in a lower proportion of all the other major
casein fractions, specifically k-CN%. However, because
the correlations between TCN and 3-CN% or k-CN%
were moderate, milks having similar TCN can still have
a rather variable protein composition. This finding and
known relationships between protein composition and
milk coagulation properties (Wedholm et al., 2006;
Bonfatti et al., 2010a) might explain why buffalo milks
with similar protein content exhibit different renneting
properties (Potena et al., 2001; Zicarelli et al., 2001).

Proportions of the major casein fractions were nega-
tively correlated to each other, with k-CN% being the
most independent. For k-CN%, we observed a remark-
able correlation only with 3-CN%.

A negative correlation between L~-CN% and 3-CN%
was expected, with ~~CN being a product of -CN
proteolysis (Farrell et al., 2004; Somma et al., 2008).
The proportion of ~-CN in CN was positively related to
B-LG%. This might be explained by the increased 3-CN
proteolysis occurring in milk with increased SCC (Kelly
and McSweeney, 2002), which has been reported to ex-
hibit altered WH composition (Farrell et al., 2004).

Parity Effects

Least squares means for parity effects are reported in
Table 3. Parity affected the content of protein fractions
as well as protein composition. Contents TCN, WH,
age-CN, B-CN, and k-CN decreased as parity increased.
Decreased contents of all casein and whey protein frac-
tions were observed for parity >3 relative to earlier
parities, whereas content of glyco-k-CN was lower for
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the first parity relative to following parities. Similar
to casein fractions, WH, «-LA, and (3-LG tended to
decrease when parity increased, but this variation was
not statistically significant (P > 0.05).

No previous study investigated parity effects on buf-
falo milk protein composition, but our results largely
agree with those reported for protein composition of
bovine milk by Ng-Kwai-Hang et al. (1987). According
to these authors, the content of ag-CN progressively in-
creased from the first to the third parity and decreased
in later parities, 3-CN decreased when parity number
increased, and the sum of ag-CN, 3-CN, and k-CN de-
creased when cows got older.

Relative contents of protein fractions showed differ-
ent patterns of variation across parities. In particular,
when parity increased, ago-CN%, 3-CN%, and L~-CN%
tended to decrease, albeit their variations were not
significant (P > 0.05), and ag-CN% and glyco-k-CN%
increased (P < 0.01). An increase in ag-CN% and a de-
crease in 3-CN% when cow age increased were observed
by Kroeker et al. (1985).

Effects of Lactation Stage

Least squares means of DIM class effects on the in-
vestigated traits are presented in Table 4. In agreement
with results reported by Ng-Kwai-Hang et al. (1987) for
bovine milk, contents of most protein fractions exhib-
ited the characteristic lactation dynamics observed for
milk components, with high contents in early lactation,
a decrease to a minimum in midlactation, and a gradual
increase in the late part of lactation. Conversely, the
dynamics of a-LA, consistent with that of milk yield,
exhibited a maximum between 60 and 160 DIM and
then gradually decreased. Increased expression of a-LA
has been reported to correlate with higher milk produc-
tion also in cow milk (Wickstrém et al., 2010).

The a-LA fraction is involved in the lactose synthase
complex, promoting the synthesis of lactose, which is
the major osmolyte of milk (Farrell et al., 2004). Lac-
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Table 3. Least squares means + SE of parity effects on milk protein fraction contents and milk protein composition’
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Parity
Trait st (n = 180) 2nd-3rd (n = 203) 4th-5th (n = 143) >5th (n = 80) P-value
TCN, g/L 49.49 £ 0.55 49.60 £+ 0.44 47.68 £ 0.50 47.29 £ 0.63 ok
WH, g/L 9.65 + 0.13 9.54 + 0.10 9.34 £ 0.12 9.29 £ 0.15 i
Protein fraction content, g/L
ag-CN 15.71 + 0.20 15.96 + 0.16 15.40 + 0.18 15.44 + 0.22 *
ag-CN 8.62 + 0.14 8.41 £ 0.11 8.11 £ 0.13 7.97 £ 0.16 ok
3-CN 17.15 + 0.26 17.17 £ 0.21 16.34 + 0.23 16.09 &+ 0.30 ok
L~-CN —1.49 £ 0.05 —1.47 £+ 0.04 —1.42 +£ 0.05 —1.46 + 0.06
k-CN 7.74 £ 0.09 7.80 = 0.07 7.53 = 0.08 7.51 + 0.10 ok
Glyco-k-CN 2.38 £ 0.06 2.57 £ 0.05 2.59 £ 0.05 2.59 + 0.06 ok
a-LA 4.14 £ 0.11 4.13 £ 0.09 3.98 £ 0.10 3.95 £ 0.13
B-LG 5.51 £ 0.09 5.40 £ 0.07 5.36 + 0.08 5.34 £ 0.10
Protein composition, %
ag-CN% 31.78 £ 0.19 32.16 £ 0.15 32.36 £ 0.17 32.67 £ 0.22 Hx
ag-CN% 17.48 + 0.23 17.05 + 0.19 17.03 £ 0.21 16.80 &+ 0.26
B-CN% 34.50 £ 0.25 34.45 £ 0.20 34.12 £ 0.23 33.99 £ 0.29
L~N-CN% —0.78 £ 0.05 —0.76 = 0.04 —0.67 £ 0.05 —0.70 &+ 0.06
k-CN% 15.70 £+ 0.13 15.78 + 0.10 15.87 £ 0.12 15.95 £ 0.15
Glyco-k-CN% 30.61 £ 0.62 32.88 £+ 0.50 34.38 £ 0.56 34.52 £ 0.71 ok
B-LG% 57.41 £ 0.79 56.97 £ 0.64 57.76 £ 0.72 57.81 £ 0.91

'Contents of all protein fractions were measured by reversed-phase HPLC on skim milk. TCN = total casein content = ag-CN + ag-CN +
B-CN 4+ ~-CN + k-CN; WH = whey protein = o-LA + 3-LG; Glyco-k-CN = glycosylated form of k-CN; ag-CN%, ag-CN%, 3-CN%, v-CN%,
and k-CN% are measured as percentages of TCN; Glyco-k-CN% is measured as percentage of k-CN content; BLG% is measured as percentage
of total WH content; Ly-CN and Ly-CN% are logarithmic transformations of 4-CN and ~-CN%, respectively.

TP < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.

tose content indirectly determines the volume of milk Also milk protein fraction percentages changed
produced, and concentrations of a-LA and lactose are throughout lactation: ag;-CN% increased, whereas ougo-
strongly related (Wickstrom et al., 2010). Hence, a-LA  CN% decreased during lactation. Conversely, Kroeker

content is expected to be associated with milk yield.

Table 4. Least squares means + SE of DIM class effects on milk protein fraction contents and milk protein composition®

et al. (1985) reported that, in the initial 60 DIM, ag-

DIM class
<60 d 60-159 d 160219 d 220-279 d >280 d
Trait (n = 34) (n = 40) (n = 146) (n = 274) (n = 112) P-value
TCN, g/L 48.50 £ 0.96 47.92 £ 0.95 47.98 £+ 0.56 49.95 £ 0.56 49.24 £+ 0.56
WH, g/L 9.86 £ 0.22 9.25 £ 0.22 9.13 £ 0.13 9.58 £+ 0.10 9.46 £ 0.13 ok
Protein fraction content, g/L
ag-CN 15.19 £ 0.34 14.97 £ 0.34 15.49 £ 0.20 16.13 £ 0.16 16.35 £ 0.20 ok
ag-CN 9.36 £ 0.24 8.16 = 0.24 7.92 £ 0.14 8.04 £ 0.11 7.90 £ 0.14 ok
3-CN 16.52 £ 0.45 16.84 £ 0.45 16.67 £ 0.26 16.67 £ 0.21 16.73 £ 0.26
L~-CN —1.54 = 0.09 —1.58 + 0.09 —1.45 £ 0.05 —1.44 + 0.04 —1.29 £+ 0.05 *
k-CN 7.17 £ 0.16 7.71 £ 0.16 7.62 £ 0.09 7.82 £ 0.07 7.91 £ 0.09 ok
Glyco-k-CN 2.41 £+ 0.10 2.49 =+ 0.10 2.41 £ 0.06 2.60 = 0.04 2.75 £ 0.06 ok
a-LA 4.13 £ 0.19 4.45 + 0.19 3.97 £ 0.11 3.96 £ 0.09 3.75 £ 0.11 *
B-LG 5.73 £ 0.16 4.80 £ 0.16 5.17 £ 0.09 5.62 = 0.07 5.71 £ 0.09 ok
Protein composition, %
ag-CN% 31.34 £ 0.33 31.36 £ 0.33 32.33 £0.19 32.99 £ 0.15 33.20 £ 0.20 ok
ag-CN% 19.34 £ 0.40 16.98 + 0.40 16.55 £ 0.23 16.47 £ 0.18 16.10 £ 0.24 ok
B-CN% 33.99 £+ 0.44 35.00 £+ 0.44 34.59 £ 0.26 33.90 £ 0.20 33.85 £ 0.26 *
L~N-CN% —0.81 + 0.09 —0.83 + 0.09 —0.71 £ 0.05 —0.72 £ 0.04 —0.57 £ 0.05 *
k-CN% 14.83 + 0.22 16.15 = 0.22 15.95 £ 0.13 16.05 = 0.10 16.14 + 0.13 ok
Glyco-k-CN% 33.45 + 1.08 32.26 + 1.07 31.64 £+ 0.63 33.28 + 0.49 34.86 £+ 0.63 ok
B-LG% 58.29 £ 1.38 52.52 £ 1.37 56.89 £ 0.80 59.12 £ 0.63 60.61 £ 0.81 ok

!Contents of all protein fractions were measured by reversed phase HPLC on skim milk; TCN: casein = ag-CN + ag-CN + 3-CN + ~-CN
+ k-CN; WH: whey protein = a-LA + $-LG; Glyco-k-CN: glycosylated form of k-CN; ag-CN%, ago-CN%, 3-CN%, ~-CN% and k-CN% are
measured as percentages of total casein content; Glyco-k-CN% is measured as percentage of k-CN content; 3-LG% is measured as percentage of
total whey protein content; Ly-CN and L~-CN% are logarithmic transformations of 4-CN and v-CN%, respectively.

*P < 0.05, ¥¥P < 0.01, ***P < 0.001.
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CNY% decreased dramatically with a reciprocal increase
in 3-CN%. In agreement with Davies and Law (1977),
B-CN% had its maximum between 60 and 160 DIM.
As expected, the dynamics observed for Ly-CN% was
opposite of that for 3-CN%, whereas k-CN% reached
a minimum in early lactation (DIM <60 d) and re-
mained stable in mid and late lactation. Conversely,
Kroeker et al. (1985) observed no significant change in
k-CN% throughout lactation of dairy cows. Glycosyl-
ated k-CN% and B-LG% decreased in early lactation,
reached a minimum in midlactation, and increased
thereafter. The largest proportion of a-LA% in whey
protein was detected when milk yield reached its maxi-
mum and is attributable to the role of a-LA for lactose
synthesis (Farrell et al., 2004).

Effect of Milk Yield

Least squares means of milk yield class for the investi-
gated traits are reported in Table 5. Average daily milk
yield (£SD) was 2.65 (£0.88), 6.36 (+1.52), and 11.62
(£2.16) kg/d for low-, medium-, and high-yielding buf-
falo classes, respectively. Significant differences in the
content of ag;-CN, 3-CN, -CN, glyco-k-CN, and 3-LG
were detected across milk yield classes. The content of
ag-CN, ~-CN, glyco-k-CN, and 3-LG significantly de-

creased when milk yield increased. This is likely attrib-
utable to the dilution of milk constituents associated
to the increased amount of milk yielded. A different
pattern was observed for 3-CN (i.e., the protein frac-
tion most susceptible to proteolysis), which exhibited
the lowest average content in the class of low-yielding
buffaloes (P < 0.001). This result agrees with those re-
ported by Ng-Kwai-Hang et al. (1987) for bovine milk.
According to those authors, the content of all protein
fractions, with the exception of 3-CN, correlated sig-
nificantly and negatively with milk yield. It might be
argued that the low-yielding group included buffaloes
affected by subclinical mastitis and, as a consequence,
proteolysis might have occurred more intensely in milk
of those animals, resulting in a lower content of 3-CN
(Farrell et al., 2004).

Milk protein fraction percentages were greatly af-
fected by the amount of milk yielded. In agreement
with findings of Kroeker et al. (1985) for bovine milk,
high-yielding buffaloes exhibited greater 3-CN% and
lower ag-CN% relative to low-yielding animals. More-
over, milk of high-yielding buffaloes contained a greater
proportion of glyco-k-CN%. Also, whey protein com-
position varied across milk yield classes (P < 0.01),
exhibiting a decrease in 3-LG% and, as a consequence,
an increase in a-LA%, when milk yield increased. This

Table 5. Least squares means + SE of milk yield class effects on milk protein fraction contents and milk

protein composition

Class of milk yield?

Trait' Low (n = 121) Medium (n = 364) High (n = 121) P-value
TCN, g/L 49.52 £ 0.64 49.27 £ 0.43 47.75 £ 0.55 i
WH, g/L 9.66 £ 0.15 9.43 £ 0.10 9.27 £ 0.13
Protein fraction content, g/L
ag-CN 16.17 + 0.23 15.81 £+ 0.15 14.90 + 0.19 ok
ag-CN 8.30 + 0.16 8.25 + 0.11 8.28 + 0.14
3-CN 16.10 + 0.30 17.23 £ 0.20 16.74 £ 0.26 ok
L~-CN —1.36 = 0.06 —1.50 £ 0.04 —1.52 + 0.05 *
k-CN 7.65 £ 0.11 7.73 £ 0.07 7.56 £+ 0.09
Glyco-k-CN 2.77 £ 0.07 2.48 £ 0.04 2.35 + 0.06 ok
a-LA 3.93 £0.13 4.06 £ 0.09 4.16 £ 0.11
BLG 5.73 £ 0.11 5.37 £ 0.07 5.11 + 0.09 ok
Protein composition, %
agi-CN% 33.36 £ 0.22 32.15 £ 0.15 31.21 £ 0.19 ok
ag-CN% 17.14 +£ 0.27 16.77 £ 0.18 17.35 + 0.23
B-CN% 32.99 £ 0.29 34.82 £ 0.20 35.00 £ 0.25 ok
L~-CN% —0.63 + 0.06 —0.78 £ 0.04 —0.77 £ 0.05 *
k-CN% 15.86 + 0.15 15.73 £ 0.10 15.88 + 0.13
Glyco-k-CN% 36.19 £ 0.72 32.12 £ 0.49 30.99 £+ 0.61 ok
B-LG% 59.73 £ 0.92 57.42 £ 0.62 55.31 £ 0.78 ok

!Contents of all protein fractions were measured by reversed-phase HPLC on skim milk. TCN = total casein
content = ag-CN + ag-CN + B-CN + ~-CN + k-CN; WH =whey protein = a-LA + (3-LG; Glyco-k-CN =
glycosylated form of k-CNj; ag-CN%, ag-CN%, B-CN%, ~-CN%, and k-CN% are measured as percentages of
T-CN; Glyco-k-CN% is measured as percentage of k-CN content; 3-LG% is measured as percentage of total
WH content; Ly-CN and L~-CN% are logarithmic transformations of v-CN and -CN%, respectively.

’Low = class including the 10% low-yielding buffaloes; medium = class including 80% of buffaloes with inter-
mediate yield; high = class of the 10% high-yielding buffaloes.

+P < 0.10; *P < 0.05; **P < 0.01; ***P < 0.001.
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confirms the role of a-LA in promoting the synthesis of
lactose (Farrell et al., 2004).

CONCLUSIONS

For the first time, buffalo milk protein composi-
tion was quantified in a large sample of animals and
nongenetic effects due to parity, DIM, and milk yield
on variation of buffalo milk protein composition were
estimated. Possible effects exerted by protein genetic
variants on variation of milk protein fraction contents
and relative proportions should be further considered
to gain a better insight into sources of variation of buf-
falo milk protein composition. Knowledge about factors
affecting variation of milk protein composition is still
scarce, and further research is needed, so that concen-
trations of individual proteins could be altered to meet
specific requirements.
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