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ABSTRACT

Buffalo milk is the world’s second most widely pro-
duced milk, and increasing attention is being paid to its
composition, particularly the fatty acid profile. The ob-
jectives of the present study were (1) to characterize the
fatty acid composition of Mediterranean buffalo milk,
and (2) to investigate potential sources of variation in
the buffalo milk fatty acid profile. We determined the
profile of 69 fatty acid traits in 272 individual samples
of Mediterranean buffalo milk using gas chromatogra-
phy. In total, 51 individual fatty acids were identified:
24 saturated fatty acids, 13 monounsaturated fatty
acids, and 14 polyunsaturated fatty acids. The ma-
jor individual fatty acids in buffalo milk were in the
order 16:0, 18:1 cis-9, 14:0, and 18:0. Saturated fatty
acids were the predominant fraction in buffalo milk fat
(70.49%); monounsaturated and polyunsaturated fatty
acids were at 25.95 and 3.54%, respectively. Adopt-
ing a classification based on carbon-chain length, we
found that medium-chain fatty acids (11-16 carbons)
represented the greater part (53.7%) of the fatty acid
fraction of buffalo milk, whereas long-chain fatty acids
(1724 carbons) and short-chain fatty acids (4-10 car-
bons) accounted for 32.73 and 9.72%, respectively. The
n-3 and n-6 fatty acids were 0.46 and 1.77%, respec-
tively. The main conjugated linoleic acid, rumenic acid,
represented 0.45% of total milk fatty acids. Herd/test
date and stage of lactation were confirmed as important
sources of variation in the fatty acid profile of buffalo
milk. The percentages of short-chain and medium-chain
fatty acids in buffalo milk increased in early lactation
(+0.6 and +3.5%, respectively), whereas long-chain
fatty acids decreased (—4.2%). The only exception to
this pattern was butyric acid, which linearly decreased
from the beginning of lactation, confirmation that its
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synthesis is independent of malonyl-CoA. These results
seem to suggest that in early lactation the mobilization
of energy reserves may have less influence on the fatty
acid profile of buffalo milk than that of cow milk, prob-
ably due to a shorter and less severe period of negative
energy balance. Parity affected the profiles of a few
traits and had the most significant effects on branched-
chain fatty acids. This work provided a detailed over-
view of the fatty acid profile in buffalo milk including
also those fatty acids present in small concentrations,
which may have beneficial effects for human health.
Our results contributed also to increase the knowledge
about the effects of some of the major factors affecting
buffalo production traits and fatty acid concentrations
in milk, and consequently its technological and nutri-
tional properties.
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INTRODUCTION

The buffalo (Bubalus bubalis) is the world’s second
largest source of milk, producing 102 billion liters each
year (13.3% of all milk produced vs. 636 billion liters
of cow milk, 82.7% of the total) (FAOSTAT, 2013).
Buffalo milk is a rich source of nutrients and therefore
plays an important role in human nutrition, particu-
larly in developing countries (e.g., ~70% of buffalo milk
is produced in India; FAOSTAT 2013). Indeed, buffalo
milk has higher contents of protein and fat (Ahmad
et al., 2013) and minerals (Stocco et al., 2016) than
cow milk, whereas some specific classes of gangliosides
seem to be only present in buffalo milk (Colarow et
al., 2003). The high fat content of buffalo milk makes
it also highly suitable for processing (Menard et al.,
2010), and in developed countries it is mainly used for
the production of a variety of foodstuffs, such as butter,
butter oil (ghee), soft and hard cheeses, condensed and
evaporated milk, ice cream, yogurt, buttermilk, and in
Italy, the highly popular buffalo mozzarella obtained
under the European Union’s protected designation of
origin scheme.
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Buffalo dairy farms in Italy are traditionally con-
centrated in the Campania region where the Protected
Designation of Origin cheese “Mozzarella di Bufala
Campana” is produced. Recently, however, the demand
for buffalo mozzarella has greatly increased, resulting
in increasing numbers of buffaloes (Hanaa et al., 2015)
and considerable expansion in buffalo farming even into
the northern regions of Italy (Tiezzi et al., 2009).

Over the last decade, many studies have been done
on the fatty acid composition of bovine milk fat (MF)
due to its potential beneficial or negative effects on hu-
man health. For instance, CLA has been shown to have
anticarcinogenic, antiobesity, antidiabetic, and antihy-
pertensive properties in humans (Koba and Yanagita,
2014), as well as beneficial effects for reproductive per-
formance and carcass traits in ruminants (Mir et al.,
2000). Furthermore, the effects of the large groups of
fatty acids (e.g., saturated vs. unsaturated, n-3 vs. n-6)
on the cardiovascular system have been challenged by
recent meta-analyses (Siri-Tarino et al., 2010; de Souza
et al., 2015). Indeed, more attention has being paid to
the effect of individual fatty acids on human health
and disease instead of macro-categories, and novel roles
for specific fatty acids have been (and probably will
be) proposed. Thereby, it would be desirable to obtain
a comprehensive profile of fatty acids in the various
food matrices (e.g., milk), including those less known,
present in small concentrations, or both.

To our knowledge, the available studies aimed at
evaluating the fatty acid profile of buffalo milk have
been carried out on a relatively small number of ani-
mals (e.g., Menard et al., 2010; Zotos and Bampidis,
2014) or considered only the most representative and
well-known fatty acids groups and individual fatty ac-
ids (e.g., Tonhati et al., 2011).

Therefore, the aims of this work were (1) to deter-
mine by GC x GC (2-dimensional GC) the detailed
milk fatty acid profile in a large number of Mediter-
ranean buffaloes; and (2) to evaluate potential sources
of variation affecting the profiles of the identified milk
fatty acid traits.

MATERIALS AND METHODS
Animals and Sampling

Milk samples were collected once during the evening
milking from 272 buffaloes reared under intensive
farming conditions in 6 herds located in northern Italy
from January to May 2013. Farms and facilities were
comparable to those characterizing the dairy herds in
northern Italy with open barns, loose animals, and
milking parlors. Buffaloes were fed year-round TMR
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based on corn silage, cereals, grass hay, wheat straw,
and protein meals, supplemented with vitamins and
minerals [i.e., the same ingredients of the TMR diets
of dairy cows reared in a the same geographical area,
the Po valley (Dal Maso et al., 2009)]. The number of
animals sampled from each herd were 81, 31, 30, 60, 30,
and 40. Animals were selected from each herd to rep-
resent all lactation stages and a range of parities. Each
buffalo was given a BCS by a trained operator, accord-
ing to Edmonson et al. (1989). The milk samples (no
preservative was added) were immediately refrigerated
at 4°C and transferred to the Cheese-Making Labora-
tory of the Department of Agronomy, Food, Natural
Resources, Animals and Environment of the University
of Padua (Legnaro, Padua, Italy).

Data on the buffaloes, herds, and single test-day milk
yields (MY) were provided by the breeders’ associa-
tions of the Veneto and Friuli Venezia-Giulia regions.

Lipid Extraction and Gas Chromatography Analysis

Milk fat was extracted from milk subsamples (5 mL)
by accelerated solvent extraction (ASE 200, Dionex
Corp., Sunnyvale, CA). After thawing, samples were
homogenized using a Hydromatrix (Agilent Tech-
nologies, Santa Clara, CA) and transferred to 22-mL
stainless steel extraction cells for ASE extraction using
petroleum ether:isopropanol (2:1, vol/vol). The extrac-
tion conditions were as follows: temperature, 120°C;
pressure, 10.34 MPa; static time, 1 min; number of
static cycles, 3. Solvent evaporation was carried out
under vacuum (37°C) using a Rotavapor (Rotavaporl
R-205, Buchi Italia s.r.l., Cornaredo, Italy). The ex-
tracted fat was weighed and subsamples of about 40 mg
were transferred to culture tubes for immediate trans-
esterification and methylation, according to Christie
(2001), using 1 M sodium methoxide in methanol at
room temperature. Methyl 12-tridecenoate was used as
an internal standard (#U-35 M, Nu-Chek Prep Inc.,
Elysian, MN). The resulting FAME solution was stored
at —20°C before GC analysis.

The fatty acid profiles of the samples obtained were
analyzed using a GC x GC instrument (Agilent 7890A,
Agilent Technologies) equipped with a modulator
(Agilent G3486ACFT), an automatic sampler (Agilent
7693), and a flame-ionization detector connected to
chromatography data system software (Agilent Chem
Station). Two columns in series were used to obtain
better separation and identification of fatty acids: first
column 75 m x 180 pm (internal diameter) x 0.14 pm
film thickness (SP-2560, 23348U, Supelco, Bellefonte,
PA); second column 3.8 m x 250 pm (internal diam-
eter) x 0.25 pm film thickness (HP-5MS, J&W 19091S-
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431, Agilent Technologies). Operating conditions and
GC reference standards have been previously reported
in detail (Pellattiero et al., 2015). We detected different
peaks in the region of the 18:1 isomers, and experi-
enced problems of partial co-elution in some samples:
18:1 trans-6 with 18:1 trans-8, and 18:1 trans-9 (elaidic
acid) with 18:1 trans-10 and 18:1 trans-11 (vaccenic
acid; VA). Therefore, in those cases the percentages
reported relate to the sum of all the co-eluted isomers.
Milk fatty acid composition is expressed as grams per
100 g of total fatty acids. We report here only the fatty
acids accounting for more than 0.02%.

Statistical Analysis

Sources of variation in the fatty acid traits were in-
vestigated using the SAS 9.4 MIXED procedure (SAS
Inst. Inc., Cary, NC), using the following linear model:

Y;m = W+ DIM; + parity ; 4+ herd; + ;5.

where ¥, is the observed trait (production trait, BCS,
individual fatty acid, fatty acid group, unsaturation
index); p is the overall intercept of the model; DIM; is
the fixed effect of the ith class of DIM [i = 1 to 7; class
1, DIM <30 (n = 23); class 2, DIM 30-60 (n = 28);
class 3, DIM 60-120 (n = 43); class 4, DIM 120-180 (n
= 48); class 5, DIM 180-239 (n = 32); class 6, DIM
239-298 (n = 47); class 7, DIM >298 (n = 51)]; parity;
is the fixed effect of the jth parity of the buffalo (j =1
to 5 or more; with number of buffaloes equal to 49, 83,
54, 34, and 52 for first, second, third, fourth, and fifth
or more parity order, respectively); herd, is the random
effect of the kth herd/test date (HTD; k=1 to 6); and
e, is the random residual. The HTD and residuals
were assumed to be independently and normally dis-
tributed with means equal to zero and variances of o7,
and 03, respectively. The percentage of variance ex-
plained by HTD was calculated by dividing the corre-
sponding component of variance by the total variance.

Those fatty acids that included a high number of
missing values were excluded from the analyses using
the general linear model because estimates of the ef-
fects of DIM, parity, and HTD would not be accurate if
the various DIM or parity classes or herds were not all
well represented.

Polynomial contrasts were estimated (P < 0.05) be-
tween the least squares means of the effects of DIM (i.e.,
first-order comparisons measured linear relationships,
whereas second- and third-order comparisons measured
quadratic and cubic relationships, respectively).
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RESULTS
Descriptive Statistics

The results for production traits and fatty acid com-
positions, groups, and indices in Mediterranean buffalo
milk are reported in Tables 1 and 2.

Milk yield averaged 7.03 kg/d and the MF content
averaged 7.81%. The variation in MY was high (SD =
4.09), around double that of the MF percentage (SD =
2.30). The average BCS score was 3.93 (Table 1).

The GC analysis determined 51 individual fatty ac-
ids: 24 SFA, 13 MUFA, and 14 PUFA (Table 1). The
standard deviation values were high, reflecting the high
variability observed in these traits. The major fatty
acids in buffalo milk were in the order 16:0, 18:1 c¢is-9,
14:0, and 18:0). Butyric acid (4:0) was the most abun-
dant short-chain fatty acid (SCFA) in buffalo milk.
Linoleic acid (18:2 ¢is-9,cis-12) was the major n-6 fatty
acid, and linolenic acid (18:3 c¢is-9,cis-12,cis-15) was
the major n-3. The main CLA, rumenic acid (RA, 18:2
cis-9,trans-11), represented 0.45% of total fatty acids in
buffalo milk (Table 1).

Saturated fatty acids were the predominant fraction
in buffalo MF (70.49%); MUFA and PUFA were 25.95
and 3.54%, respectively. Considering the classification
based of the carbon chain length: medium-chain fatty
acids (MCFA) represented the greater part (53.70%)
of the buffalo milk fatty acid fraction, whereas long-
chain fatty acids (LCFA) and SCFA represented 32.73
and 9.72%, respectively. Total n-3 and n-6 fatty acids
were 0.46 and 1.77%, respectively, whereas the n-6/n-3
ratio was 3.89 (Table 2).

Among the unsaturation indices, the C18 index
had the highest mean percentage (67.64%), followed
by the CLA index (23.37%). The percentages of the
short-chain desaturation index (10:1) and the medium-
chain desaturation indices (14:1 and 16:1) were smaller
(Table 2).

Factors Affecting Production Traits and Milk Fatty
Acid Secretion in Buffalo

Tables 3 and 4 show the results from the linear model
used to explain the role of DIM, parity, and HTD on
production traits and the fatty acid profile of buffalo
milk.

Effect of Herd/Test Date. The HTD was con-
firmed as an important source of variation in produc-
tion traits and the fatty acid profile of buffalo milk
(Tables 3 and 4). In particular, we observed high HTD
percentages for MY and MF content (61.7 and 50.2%,
respectively; Table 3). Regarding individual fatty ac-
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Table 1. Descriptive statistics for buffalo milk production traits and individual fatty acids (n = 272)

Buffalo® Cow®
Trait! Mean SD P1 P99 Mean SD
Productive trait
Milk yield, kg/d 7.03 4.09 1.10 18.60 24.48; 29.05 7.97; 10.58
Milk fat, % 7.81 2.30 2.75 11.98 4.23; 3.40 0.73; 0.38
BCS 3.93 0.41 3.00 4.50 2.98; NA* 0.35; NA
Individual fatty acid, g/100 g of total fatty acids
SFA
4:0 3.80 0.57 2.67 5.64 3.45; 3.43 0.90; 0.67
6:0 2.31 0.45 1.30 3.28 2.15; 2.11 0.38; 0.36
8:0 1.20 0.31 0.51 1.82 1.35; 1.30 0.23; 0.24
10:0 2.26 0.66 0.87 3.77 3.17; 3.09 0.63; 0.69
11:0 0.06 0.02 0.03 0.12 0.06; 0.08 0.04; 0.04
12:0 2.82 0.72 1.45 4.47 3.72; 3.42 0.74; 0.78
13:0 0.22 0.10 0.15 0.52 0.11; 0.12 0.04; 0.04
13:0 iso 0.07 0.02 0.03 0.12 0.06; 0.08 0.04; 0.05
14:0 11.87 2.09 7.35 15.91 12.07; 10.58 1.57; 1.68
14:0 iso 0.26 0.07 0.12 0.53 0.17; 0.11 0.05; 0.05
15:0 1.34 0.23 0.78 1.93 1.18; 1.05 0.24; 0.25
15:0 iso 0.40 0.10 0.21 0.70 0.28; 0.21 0.08; 0.05
15:0 anteiso 0.64 0.14 0.31 1.08 0.53; 0.45 0.12; 0.09
16:0 32.10 3.11 24.98 38.58 30.53; 27.50 3.71; 3.88
16:0 iso 0.46 0.10 0.25 0.76 0.32; 0.22 0.09; 0.07
17:0 0.54 0.09 0.38 0.86 0.54; 0.46 0.12; 0.09
17:0 iso 0.30 0.06 0.20 0.47 0.32; 0.26 0.08; 0.07
17:0 anteiso 0.41 0.07 0.29 0.60 0.42; 0.40 0.09; 0.09
18:0 8.74 2.12 4.75 14.38 8.96; 10.08 1.88; 2.23
19:0 0.07 0.02 0.03 0.12 NA NA
20:0 0.19 0.03 0.11 0.29 0.13; 0.11 0.04; 0.04
21:0 0.06 0.02 0.01 0.11 NA NA
23:0 0.05 0.03 0.01 0.13 NA NA
24:0 0.10 0.03 0.03 0.19 0.04; 0.06 0.02; 0.04
MUFA
10:1 9 0.14 0.05 0.06 0.25 0.33; 0.31 0.09; 0.08
14:1 ¢9 0.86 0.29 0.39 1.63 1.08; 0.97 0.32; 0.28
16:1 9 2.02 0.67 1.04 3.94 1.22; 1.40 0.32; 0.42
16:1 9 0.15 0.06 0.02 0.28 0.06; 0.07 0.03; 0.03
17:1 9 0.26 0.08 0.05 0.45 0.20; 0.19 0.08; 0.07
18:1 +4 0.02 0.01 0.01 0.05 0.03; NA 0.02; NA
18:1 6 -8 0.02 0.05 0.01 0.42 0.21; 0.18 0.07; 0.08
18:1 9, 10, 11 1.87 0.60 0.72 3.06 1.67; 1.52 0.45; 0.44
18:1 ¢-9 18.32 4.09 11.49 28.15 18.35; 20.80 3.20; 4.20
18:1 ¢-11 0.39 0.11 0.25 0.98 0.24; 0.78” 0.10; 0.25°
18:1 ¢-12 0.27 0.09 0.10 0.44 NA; 0.40 NA; 0.13
18:1 14 0.27 0.07 0.06 0.43 0.65; NA 0.22; NA
18:1 ¢-15 0.07 0.03 0.01 0.15 NA NA
PUFA
18:2 ¢-9,+-11 (9-CLA, RA) 0.45 0.13 0.24 0.76 0.65; 0.52 0.22; 0.18
18:2 ¢-11,£13 (CLA) 0.02 0.01 0.00 0.07 NA NA
18:2 ¢-9,¢-11 (CLA) 0.03 0.02 0.01 0.07 NA NA
18:2 +-10,c-12 (10-CLA) 0.02 0.01 0.01 0.07 NA NA
18:2 t-11,¢-15 0.07 0.05 0.00 0.17 0.10; 0.09 0.04; 0.05
18:2 +9,t-12 0.02 0.02 0.01 0.07 0.58; NA 0.44; NA
18:2 ¢-9,¢-12 1.55 0.52 0.64 2.79 2.05; 2.86 0.60; 0.89
18:3 ¢-6,¢-9,c¢-12 0.06 0.02 0.02 0.09 NA NA
18:3 ¢-9,¢-12,¢-15 0.30 0.06 0.19 0.45 0.56; 0.39 0.18; 0.16
20:3 ¢-8,¢-11,¢-14 0.08 0.02 0.03 0.14 0.10; 0.19 0.06; 0.10
20:4 ¢-5,¢-8,¢-11,¢-14 0.10 0.02 0.06 0.15 0.13; 0.27 0.05; 0.12
20:5 ¢-5,¢-8,¢-11,¢-14,¢-17 0.03 0.01 0.01 0.06 0.05; 0.06 0.02; 0.03
22:4 ¢-7,¢-10,¢-13,¢-16 0.02 0.01 0.01 0.06 0.03; 0.06 0.02; 0.04
22:5 ¢-7,¢-10,¢-13,¢-16,¢-19 0.04 0.03 0.01 0.11 0.08; 0.08 0.03; 0.04

¢ = cis; t = trans. BCS was determined according to Edmonson et al. (1989). RA = rumenic acid.
*Present study. P1 = 1st percentile. P99 = 99th percentile.

*Pegolo et al. (2016) on Brown Swiss cows; Conte et al. (2016) on Holstein Friesian cows.

‘NA = not available.

Sum of 18:1 ¢-11 and 18:1 ¢-15 (Conte et al., 2016).
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Table 2. Descriptive statistics for groups of fatty acids, and indices (n = 272)

Buffalo® Cow®

Trait! Mean SD P1 P99 Mean SD

Group of fatty acids, g/100 g of fatty acids
SFA 70.49 5.14 58.08 79.34 69.61; 65.18 4.10; 5.75
MUFA 25.95 4.76 14.90 34.03 24.25; 27.08 3.45; 4.65
PUFA 3.54 0.65 1.48 4.27 3.79; 4.51 0.79; 1.24
SCFA 9.72 1.82 5.76 13.50 10.53; 10.24 1.71; 1.64
MCFA 53.70 5.44 42.30 62.92 52.78; 47.58 5.26; 5.90
LCFA 32.73 6.59 21.48 47.05 34.40; 38.96 5.14; 6.28
BCFA 2.65 0.52 1.63 4.41 2.08; 1.74 0.41; 0.29
OCFA 2.37 0.33 1.77 3.45 1.89; 1.90 0.32; 0.36
n-6 PUFA 1.77 0.54 0.78 3.03 2.31; 3.38 0.65; 1.06
n-3 PUFA 0.46 0.09 0.30 0.72 0.69; 0.53 0.20; 0.19
n-6/n-3 3.89 1.18 1.72 6.20 3.53; 6.81 1.18; 2.19
trans fatty acids 2.66 0.72 1.35 4.01 2.22; 1.78 0.53; 0.47
trans fatty acids 18:1 1.91 0.61 0.86 3.11 2.15; NA* 0.52; NA

Unsaturation index, %
10:1/(10:0 + 10:1) 6.02 1.30 3.77 9.90 9.55; NA 2.01; NA
14:1/(14:0 + 14:1) 6.75 1.98 3.45 12.52 8.16; NA 2.03; NA
16:1/(16:0 + 16:1) 5.88 1.68 3.22 10.40 3.83; NA 0.90; NA
18:1/(18:0 + 18:1) 67.64 441 57.88 79.72 67.22; NA 4.31; NA
RA/(RA + VA) 23.37 7.50 14.81 56.39 35.03; NA 5.56; NA

'SCFA = short-chain fatty acids; MCFA = medium-chain fatty acids; LCFA = long-chain fatty acids; BCFA = branched-chain fatty acids;
OCFA = odd-chain fatty acids; RA = rumenic acid; VA = vaccenic acid. SCFA included the 4:0, 6:0, 8:0, and 10:1 fatty acids; MCFA included
all linear fatty acids from 11:0 to 16:1; LCFA included all linear fatty acids from 17:0 to 24:0; trans fatty acids included all trans fatty acids;

trans fatty acids 18:1 included all trans isomers of 18:1.
*Present study. P1 = 1st percentile. P99 = 99th percentile.

*Pegolo et al. (2016) on Brown Swiss cows; Conte et al. (2016) on Holstein Friesian cows.

*NA = not available.

ids, we found moderate HTD percentages (>30%) for
most MCFA, branched-chain fatty acids (BCFA), and
LCFA (Table 3). Overall, total PUFA, n-6 fatty acids,
total trans fatty acids, and total trans 18:1 fatty acids
had the highest HTD percentages (around 70%; Table
4), whereas SCFA had the lowest (Tables 3 and 4).
Among the desaturation indices, we found 10:1, 14:1,
and 18:1 to have lower HTD percentages (<30%), and
the 16:1 and CLA indices to have slightly higher HTD
percentages.

Effect of Parity. Parity significantly affected MY
but not the fat content of buffalo milk (Table 3). Over-
all, parity had significant effects on a few fatty acid
traits, in particular the individual and total propor-
tions of BCFA, and total SFA, MUFA, MCFA, and
odd-chain fatty acids (OCFA; Tables 3 and 4). Parity
significantly affected the individual proportions of 16:0,
17:0, 23:0, 16:1 trans-9 and 18:1 cis-11, and of the n-3
fatty acids 22:5 c¢is-7,cis-10,cis-13,cis-16,cis-19, and
18:3 cis-9,cis-12,cis-15 (Table 3).

Effect of DIM. As expected, stage of lactation
significantly affected the MY, BCS, and MF percent-
ages (Table 3). Body condition scores increased linearly
during lactation (P < 0.001, estimated by orthogonal
contrasts) (Figure 1a). The trend of the MY is in the
opposite direction to the BCS curve (linear decrease,
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P < 0.001; Figure 1b). The MF had a cubic trend (P
< 0.01, estimated by polynomial contrasts; Figure 1c)
with percentages always greater than 7% throughout
lactation. Stage of lactation was confirmed as an im-
portant source of variation in almost all the fatty acid
traits with only a few exceptions (Tables 3 and 4). In-
dividually, 6:0, 14:0, and 18:1 cis-9 were the fatty acids
most significantly affected (Table 3). Overall, SFA,
MUFA, SCFA, and the 10:1, 14:1, and 16:1 indices
also had the highest F-values (Table 4). The total SFA
data had a quadratic trend (P < 0.001, estimated by
polynomial contrasts), with an increase during the first
120 DIM followed by a decrease (Figure 2a). Individu-
ally, most of the linear SFA share this trend (Table 3).
Short-chain fatty acids and MCFA also followed the
same pattern (quadratic component, P < 0.001), the
greatest variations being found with MCFA (Table
4, Figures 3a and 3b). Overall, the trends of MUFA,
PUFA, and LCFA were in the opposite direction, with
a slight reduction in the first 120 DIM, then increasing
with advancing lactation (Table 4, Figures 2b, 2¢, and
3c). These patterns clearly reflect those of the most
abundant individual fatty acids in each of these groups
(i.e., 18:1 cis-9 for MUFA; 18:1 ¢is-9 and 18:0 for LCFA
and 18:2 cis-9,cis-12 for PUFA; Table 3). Unlike total
SCFA, butyric acid (4:0) decreased linearly from the
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Table 3. Results from ANOVA (F-value and significance) for production traits and individual fatty acid profile in buffalo milk

DIM Parity
Trait! F  P-value Contrast® F  P-value HTD,? %
Milk yield, kg/d 45.3 kX Linear™ E 4.3 REE 61.7
Milk fat, % 6.1 Fx* Cubic™ L 0.7 NS 50.2
BCS 4.6 F¥* Linear™** L 0.6 NS 6.8
Individual fatty acid, g/100 g of total fatty acids
SFA
4:0 20.8 Rk Linear™ E 0.7 NS 10.5
6:0 25.4 Rk Quadratic™" M 09 NS 16.5
8:0 17.8 Gk Quadratic**" M 1.0 NS 23.6
10:0 15.4  FF* Quadratic™" M 0.9 NS 22.9
11:0 6.1 FF* Quadratic**" M 0.5 NS 18.9
12:0 13.9 FF* Quadratic™" M 0.9 NS 30.4
13:0 0.4 NS — 2.2 NS 7.7
13:0 iso 19.3  kEE Linear™"" L 2.7 % 49.3
14:0 24.9  FF* Quadratic**" M 1.7 NS 35.0
14:0 iso 16.1  kEx Linear*"* L 4.5 *F 37.5
15:0 14.3  FF* Linear™ ™" L 2.4 NS 53.2
15:0 iso 22.0 K Linear™* L 4.0 ** 56.3
15:0 anteiso 21.7 Rk Linear™*" L 4.0 ** 41.1
16:0 13.3  FF* Quadratic™*" M 3.7 FF 42.3
16:0 iso 17.1 *FF* Linear™ ™" L 3.1 % 35.1
17:0 9.4 kKX Quadratic™ L 26 * 21.0
17:0 iso 14.1  FF* Linear™ ™" L 3.2 % 41.9
17:0 anteiso 15.4 Linear™ " L 30 * 40.0
18:0 28 % Quadratic™ L 2.3 NS 53.1
19:0 1.3 NS — 1.0 NS 15.5
20:0 4.8 F¥X Linear™ ™" L 2.1 NS 17.2
21:0 4.2 FFX Linear™** L 1.3 NS 29.1
23:0 9.9 kX Linear**" L 2.7 ¥ 37.9
24:0 10.8  *F* Linear™** L 1.6 NS 50.1
MUFA
10:1 ¢9 5.9 Rkk Quadratic™" M 2.0 NS 52.0
14:1 ¢9 12.6  *F* Linear™ ™" L 1.8 NS 46.3
16:1 9 17.1 Linear™** L 1.0 NS 46.1
16:1 9 9.1 Fk* Linear™ ™" L 4.2 FF 40.8
17:1 ¢9 13.6  HFF Quadratic™ L 1.4 NS 51.1
18:1 -9, 10, t-11 6.1 Fx* Linear™*" L 2.3 NS 73.0
18:1 ¢-9 30.5  K¥X Quadratic™ L 2.3 NS 39.3
18:1 ¢11 5.7  Fk* Quadratic™ L 4.5 ** 17.5
18:1 ¢-12 6.3 FF* Linear™** L 1.2 NS 73.1
18:1 ¢-14 4.1 F¥X Linear™ " L 1.4 NS 57.9
18:1 ¢-15 4.1 kxX Linear™** L 0.4 NS 27.5
PUFA
18:2 ¢-9,+-11 (9-CLA, RA) 16.1  kEE Linear*"* L 1.7 NS 39.9
18:2 ¢-9,c-12 5.4 Rk Quadratic™ L 1.5 NS 79.9
18:3 ¢-6,¢-9,¢-12 11.4 % Linear™** L 0.2 NS 28.7
18:3 ¢-9,¢-12,¢-15 13.4 Ok Linear**" L 3.7 *F 36.5
20:3 ¢-8,¢-11,¢-14 5.6 Kk Linear™** L 1.7 NS 22.9
20:4 ¢-5,¢-8,¢c-11,c-14 1.9 NS — 2.0 NS 27.9
20:5 ¢-5,¢-8,¢-11,¢-14,¢-17 1.7 NS — 1.5 NS 28.4
22:4 ¢7,c-10,c¢-13,¢-16 2.3 * Linear* L 0.5 NS 30.6
22:5 ¢-7,¢-10,¢-13,¢-16,¢-19 1.7 NS — 5.5 Rk 27.5

¢ = cis; t = trans. BCS was determined according to Edmonson et al. (1989). RA = rumenic acid.

2Herd/ test date (HTD) effect expressed as proportion of variance explained by HTD calculated by dividing the corresponding variance compo-
nent by the total variance.

3%/~ Refers to the trend direction of fatty acid trait LSM over lactation (linear, quadratic, or cubic); 7/~P < 0.05; **/~"P < 0.01; ¥/~ P <
0.001. E, M, L: highest percentages in early (E), mid (M), or late (L) lactation.
*P < 0.05; ¥*P < 0.01; ¥**P < 0.001.

beginning of lactation (P < 0.001; Table 3, Figure 3a), and Table 3), total trans fatty acids, 18:1 trans fatty ac-
whereas total n-3 and n-6 fatty acids increased linearly ids, including 18:1 trans-9, trans-10, trans-11, the most
with advancing lactation (P < 0.001; Table 4). We also abundant (P < 0.001; Tables 3 and 4, Figure 5), and
found the latter trend with RA (P < 0.001; Figure 4 both the total and most of the individual BCFA and
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Table 4. Results from ANOVA (F-value and significance) for fatty acid groups and unsaturation indices in buffalo milk

DIM Parity

Trait! F P-value Contrast® F P-value HTD, %

Group of fatty acids, g/100 g of fatty acids
SFA 36.7 Rk Quadratic*** M 2.7 * 36.7
MUFA 37.0  Fkx Quadratic™ L 2.8  * 56.7
PUFA 10.9 ¥ Quadratic L 1.7 NS 69.2
SCFA 26.1 ek Quadratic™ " M 0.8 NS 22.1
MCFA 16.7 ¥ Quadratic*** M 2.8 * 56.6
LCFA 20.3 Rk Quadratic™ L 2.1 NS 55.1
BCFA 21.1 Rk Linear™ " L 3.7 *x 41.8
OCFA 7.8  FEE Linear* " L 3.0 * 36.9
n-6 PUFA 5.8 X Linear™ " L 1.7 NS 78.8
n-3 PUFA 9.3 kX Linear** L 2.3 NS 32.1
n-6/n-3 1.9 NS — 1.8 NS 78.8
trans fatty acids 10.5  FF* Linear™"* L 2.1 NS 71.2
trans fatty acids 18:1 6.0  HKE Linear™** L 2.2 NS 74.3

Unsaturation index, %
10:1/(10:0 + 10:1) 242 Linear*** L 1.8 NS 28.9
14:1/(14:0 + 14:1) 28.1  kxE Linear"* L 2.0 NS 27.5
16:1/(16:0 + 16:1) 25.8 R Linear*** L 1.3 NS 36.3
18:1/(18:0 + 18:1) 14.3 Cubic E 31 * 25.5
RA/(RA + VA) 14 NS — 22 NS 35.0

'¢ = cis; t = trans; SCFA = short-chain fatty acids; MCFA = medium-chain fatty acids; LCFA = long-chain fatty acids; BCFA = branched-chain
fatty acids; OCFA = odd-chain fatty acids; RA = rumenic acid; VA = vaccenic acid. SCFA included the 4:0, 6:0, 8:0, and 10:0 fatty acids; MCFA
included all linear fatty acids from 11:0 to 16:1; LCFA included all linear fatty acids from 17:0 to 24:0; trans fatty acids included all ¢rans fatty

acids; trans fatty acids 18:1 included all trans isomers of 18:1.

2Herd/ test date (HTD) effect expressed as proportion of variance explained by HTD calculated by dividing the corresponding variance compo-

nent by the total variance.

3%/~ Refers to the trend direction of fatty acid trait LSM over lactation (linear, quadratic, or cubic); 7/~P < 0.05; **/~"P < 0.01; ¥/~ P <
0.001. E, M, L: highest percentages in early (E), mid (M), or late (L) lactation.

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

OCFA (Tables 3 and 4, Figure 6). Among the unsatura-
tion indices, we observed linear increases for 10:1, 14:1,
and 16:1 indices (Table 4, Figure 7a), and a cubic trend
for 18:1 (P < 0.001; Table 4), with a decrease in the
first 60 DIM followed by a gradual increase (Figure 7b).

DISCUSSION
Detailed Milk Fatty Acid Profile of Buffalo Milk

Values for milk production in buffaloes of the pres-
ent study were lower than previous literature data
(e.g., Tudisco et al., 2013). Similar MF percentages
were described (e.g., Tufarelli et al., 2008; Salari et al.,
2013), although sometimes higher values were reported
(e.g., Tonhati et al., 2011), likely reflecting the effect
of different management, feeding, and environmental
conditions. These factors may also influence the fatty
acid composition of buffalo milk (Secchiari et al., 2004;
Varricchio et al., 2007). Indeed, our results only par-
tially agreed with previous data on water buffalo (e.g.,
Tonhati et al., 2011; Zotos and Bampidis, 2014). Ad-
ditionally, other studies were also often performed on
a lower number of animals and different rearing condi-
tions (e.g., Menard et al., 2010).
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The buffaloes sampled for the present study were
intensively reared with feeding and management con-
ditions similar to those of dairy cows reared in close
areas of northern Italy (Pegolo et al., 2016; Conte
et al., 2016). Indeed, even if some variability in the
dairy systems and animals productivity existed (mid-
and high-producing cows), cows sampled in the cited
studies were not grazed and were administered only
preserved forages (no fresh forage) and concentrates, as
in the buffaloes sampled in the present study. In addi-
tion, it is worth mentioning that those studies reported
a qualitative (and not quantitative) analysis of milk
fatty acid profile including a large number of fatty acid
traits determined by GC analysis (as in the present
analysis). Therefore, we draw some considerations in
terms of similarities or differences (or both) between
the 2 species, even though they should be considered
purely indicative. Buffaloes and cows seemed to have
comparable average milk fatty acid profiles (Tables 1
and 2), both characterized by considerable variability.
On the other hand, the available comparative studies
sometimes reported more pronounced variations, dif-
ferent results, or both (Blasi et al., 2008; Menard et
al., 2010; Medhammar et al., 2012). Not relevant dif-
ferences seemed to be detected in total SFA and UFA
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Figure 1. Least squares means and SE of (a) BCS, (b) milk yield
(MY), and (c) milk fat (MF) across classes of DIM. **P < 0.01, ***P
< 0.001.

(MUFA+PUFA) proportions in milk of buffaloes and
cows reared in north-east Italy. In contrast, previous
data reported significantly higher SFA contents and
lower UFA contents in buffalo milk respect to the milk
of cows reared in the same herd (Menard et al., 2010).
Buffalo milk had lower percentages of linoleic acid (18:2
cis-9,cis-12) and linolenic acid (18:3 cis-9,cis-12,cis-15)
than bovine milk, different from previous findings
(Blasi et al., 2008). On the other hand, our results
partially agreed with those of Menard et al. (2010),
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who reported a lower percentage of linoleic acid in buf-
falo milk than in cow milk (but higher linolenic acid).
Some differences in milk fatty acid composition could
be due to the size of the MF globule (MFG, Martini
et al., 2016). Buffalo milk has larger fat globules than
cow milk due to its high MF content, and accordingly
the relative proportion of polar lipids in buffalo MF
is lower (Menard et al., 2010). Because linoleic and
linolenic acid are preferentially esterified in polar lip-
ids (Christie et al., 1987), variations in the contents of
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Figure 2. Least squares means and SE of (a) SFA, (b) MUFA, and
(c) PUFA across classes of DIM. **P < 0.01, ***P < 0.001.
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these acids between buffalo and cow could be related to
the different MFG diameter. However, in bovine milk,
Lopez et al. (2011) observed no significant variation
with MFG size in the individual content of linoleic and
linolenic acids even if the ratio of linoleic acid/linolenic
acid was significantly higher in larger globules. Higher
amounts of n-6 fatty acids were detected particularly
in Holstein cow milk (Conte et al., 2016) with respect
to buffalo milk (mainly due to the higher percentage of
linoleic acid), which consequently affected the n-6/n-3
ratio. Different values of n-6/n-3 ratio were also re-
ported in other studies (Blasi et al., 2008; Menard et
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Figure 3. Least squares means (LSM) and SE of (a) short-chain
fatty acids (SCFA) and 4:0 (data for 4:0 were plotted on a secondary
axis), (b) medium-chain fatty acids (MCFA), and (c) long-chain fatty
acids (LCFA) and oleic acid (LSM and SE for oleic acid were plotted
on a secondary axis) across classes of DIM. ***P < 0.001. ¢ = cis.
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Figure 4. Least squares means and SE of rumenic acid (RA) across
classes of DIM. ***P < 0.001.

al., 2010), which, however, considered only linoleic acid
and linolenic acid as representative for the n-6 and n-3
categories, respectively. We also found lower average
RA proportions in buffalo milk (Table 1), in agreement
with Talpur et al. (2008) but in contrast to Menard et
al. (2010). Conjugated linoleic acid pools in milk may
originate from either endogenous (A’-desaturase) or ru-
minal sources (Kay et al., 2004). The factors affecting
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Figure 5. Least squares means and SE of the trans fatty acids (FA)
across classes of DIM. ***P < 0.001.
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A’-desaturase activity have not yet been satisfactorily
established, but probably include genetic factors, lac-
tation period, and nutrition (Lock and Garnsworthy,
2003). However, although we observed some differences
between the percentages of desaturation indices of buf-
falo and cow milk (Table 2), this does not provide suf-
ficient and unambiguous evidence for a possible varia-
tion in SCD activity. There appeared to be no great
differences between total trans and trans 18:1 fatty acid
percentages in buffalo and cow milk, in disagreement
with previous studies that found higher percentages in
buffalo milk (Menard et al., 2010; Medhammar et al.,
2012). According to US Food and Drug Administration
(FDA, 2015) recommendations, trans fatty acid con-
sumption must be kept as low as possible by limiting
the intake of foods containing trans fatty acids formed
during food processing. Indeed, trans fatty acids can
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Figure 7. Least squares means and SE of the unsaturation indices
across classes of DIM: (a) 10:1 index, 14:1 index, and 16:1 index (LSM
and SE for 14:1 index were plotted on a secondary axis); (b) 18:1 in-
dex. ***P < 0.001.
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be divided into 2 groups: those that are industrially
produced and may increase the risk of coronary heart
disease (de Souza et al., 2015), and those that are ru-
minant derived and which may even reduce the risk of
cardiovascular disease (Wang et al., 2010). The major
industrially produced trans fatty acid in the food sup-
ply is elaidic acid (18:1 trans-9), whereas the major
ruminant-derived trans fatty acid is VA (18:1 trans-11),
which has also been shown to have anti-carcinogenic
properties (Lim et al., 2014). Unfortunately, however,
in the present study we were unable to accurately de-
termine the individual percentages of elaidic acid and
VA in all the buffalo milk samples. Finally, we found
higher proportions of BCFA in buffalo milk than in
cow milk, which may reflect differences in the rumen
environment (Vlaeminck et al., 2006). Recent studies
have also shown that BCFA (e.g., 15:0 iso) have anti-
cancer properties (Yang et al., 2000). Interestingly, we
found higher average percentages of 15:0 iso in buffalo
milk than in cow milk (Table 1).

Herd/Test Date and Animal Factors Affecting
the Buffalo Milk Fatty Acid Profile

The effects of animal factors, such as parity and
stage of lactation, and the effects of HTD on the fatty
acid composition of cow milk are well known (Kelsey et
al., 2003; Craninx et al., 2008; Pegolo et al., 2016). We
investigate here the effect of these factors on the fatty
acid profile of buffalo milk.

The effects of HTD reflect variations in the farms
sampled (i.e., differences in environmental conditions,
feeding systems, and herd management), and the dif-
ferent dates on which test records were collected. The
high incidence of HTD variance on total variance found
in total PUFA, n-6 fatty acids, total trans fatty acids,
and total trans 18:1 fatty acids likely reflects the effect
of dietary factors on the content of these fatty acids.
High percentages of HTD for these fatty acids were
also reported in dairy cows (Heck et al., 2012; Patel
et al., 2013; Pegolo et al., 2016), but we found an even
higher incidence of HTD variance on total variance in
the buffalo milk. On the other hand, the lowest varia-
tion in HTD observed for SCFA (Tables 3 and 4) is due
to the origin of these fatty acids, which are mostly de
novo synthetized in the mammary gland (Shingfield et
al., 2013). The low contribution of HTD to the variance
in the 10:1, 14:1, and 18:1 desaturation indices is in
line with previous results for dairy cows (Pegolo et al.,
2016) and confirms that they are less dependent on
environmental effects.

Parity is another well-known factor affecting milk

production and MF composition in dairy cows (e.g.,
Kelsey et al., 2003; Craninx et al., 2008). We did
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not, however, observe a significant difference in MY
between primiparous and multiparous buffaloes (data
not shown). Furthermore, the order of parity did not
significantly affect the MF content of buffalo milk as
it has been reported for cow milk (Sevi et al., 2000;
Craninx et al., 2008). Only a few fatty acid traits
were influenced by parity, and where the effects were
significant, barely any difference was present between
primiparous and multiparous buffaloes. A possible ex-
planation for the differences between buffalo and cow
milk could be that the average age of buffaloes at first
calving is generally greater than the most common
dairy cow breeds (more than 3 vs. 2.5 yr; ATA, 2014),
which means there are probably only minor differences
in BW and milk production between primiparous and
multiparous buffaloes.

As expected, the stage of lactation significantly af-
fected MY, BCS, and MF percentages (Table 3). The
almost linear increase in BCS from the beginning of
lactation seems to suggest that, unlike dairy cows,
there are few changes in the mobilization of body re-
serves in buffalo (Coffey et al., 2003). Tt is likely that
the variation in animal energy balance during lactation
is less evident in buffaloes than in cows due to the lower
amount of ME intake allocated for milk production.
The trends observed for total SFA, MUFA, and PUFA
were similar to previous observations in buffalo (Aru-
mughan and Narayanan, 1981; Qureshi et al., 2015). In
early lactation in buffalo, the effects of inhibition of de
novo fatty acid synthesis (6:0 to 16:0) brought about
by the uptake of blood LCFA from the mammary gland
are less evident. The only exception was butyric acid
(4:0), which is high at parturition and then decreased
with advancing of lactation, likely due to a different
synthetic pathway which is independent of malonyl-
CoA (Palmquist, 2006). The main LCFA in milk [i.e.,
oleic acid (18:1 ¢is-9)] may originate not only from the
mobilization of the adipose tissue but also from the
diet and from the mammary desaturation of stearic
acid. At the beginning of lactation, oleic acid was high
due to lipid mobilization, then decreased reflecting the
pattern of desaturase activity (18:1 index) and lipid
mobilization decreased as well. In late lactation, it
newly increased accordingly to the increase in desatura-
tion activity, which was in line with previous results in
buffalo (Tudisco et al., 2013) and cow (Soyeurt et al.,
2008). Accordingly, we also observed an increase in RA
as lactation progressed, whereas Tudisco et al. (2013)
found a different pattern, the highest values being in
the thirrd month and the lowest in the first and fourth
months. All these findings may reflect a shorter period
of negative energy balance in buffaloes than in cows due
to their lower productivity and resulting reduced or null
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weight losses. Consequently, the milk fatty acid profile
is probably less influenced by the mobilization of body
reserves than it is in cows. It is also worth mentioning
that the lactation period of the Mediterranean buffalo
is 270 d (Catillo et al., 2002), compared with the cow’s
standard period of 305 d. Accordingly, Camargo Ver-
durico et al. (2012) found no marked variation in the
profiles of SCFA, <16 carbon chain, >16 carbon chain,
and all 18-carbon chain UFA in the first 8 wk of lacta-
tion in buffalo. Both trans fatty acids and trans 18:1
fatty acids showed slight variations during the first 120
DIM. Similarly, only slight variations in the concentra-
tions of VA (the main trans 18:1 isomer) during the
first 8 wk of lactation in buffalo were found (Camargo
Verdurico et al., 2012). The linear increases in BCFA
and OCFA are in line with the literature on dairy cows
(Craninx et al., 2008; Stoop et al., 2009). Because the
BCFA content of MF is associated with the amount of
forage intake (Vlaeminck et al., 2006), the proportions
of BCFA may increase as lactation progresses in line
with the buffalo’s increased intake ability, and possibly
with the amount of forage included in the ration.

CONCLUSIONS

This study presents a detailed analysis of fatty acid
profile of Italian Mediterranean buffalo milk, including
those fatty acids present in small concentrations that
may have an effect on human health. We confirmed
lactation stage and HTD as important sources of varia-
tion in the fatty acid profile of buffalo milk according
to the specific fatty acid origin and metabolic pathway.
Interestingly, the milk fatty acid profile in early lacta-
tion seems to be less affected by body energy reserve
mobilization in buffaloes than in cows, probably due
to a shorter period of negative energy balance. Par-
ity, instead, had minor effects on the buffalo milk fatty
acid profile. Therefore, these results may provide useful
information about the nutrient composition of buffalo
milk and its variation according to specific factors,
which may be used to improve the technological and
nutritional characteristics of buffalo milk.
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