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Abstract: The inverse association between the groups of odd-chain (OCFA) and branched-chain
(BCFA) and the development of diseases in humans have generated interest in the scientific
community. In experiment 1, the extent of the passage of odd- and branched-chain fatty acids
(OBCFA) from milk fat to fresh cheese fat was studied in sheep and goats. Milk collected in two
milk processing plants in west Sardinia (Italy) was sampled every 2 weeks during spring (March,
April and May). In addition, a survey was carried out to evaluate the seasonal variation of the
OBCFA concentrations in sheep and goats’ cheeses during all lactation period from January to June.
Furthermore, to assess the main differences among the sheep and goat cheese, principal component
analysis (PCA) was applied to cheese fatty acids (FA) profile. Concentrations of OBCFA in fresh
cheese fat of both species were strongly related to the FA content in the unprocessed raw milk. The
average contents of OBCFA were 4.12 and 4.13 mg/100 mg of FA in sheep milk and cheese,
respectively, and 3.12 and 3.17 mg/100 mg of FA in goat milk and cheese, respectively. The OBCFA
concentration did no differed between milk and cheese in any species. The content of OBCFA was
significantly higher in sheep than goats” dairy products. The OBCFA composition of the cheese was
markedly affected by the period of sampling in both species: odd and branched FA concentrations
increased from March to June. The seasonal changes of OBCFA in dairy products were likely
connected to variations in the quality of the diet. The PCA confirmed the higher nutritional quality
of sheep cheese for beneficial FA, including OBCFA compared to the goat one, and the importance
of the period of sampling in the definition of the fatty acids profile.
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1. Introduction

The fatty acid (FA) composition of dairy products has assumed considerable interest
in consumers from a nutritional and healthy point of view. Indeed, specific FA of dairy
products can affect human health and can have an important role in the prevention of
metabolic diseases. This increasing attention is also demonstrated by recent studies that
investigated the feasibility of improving milk FA profile in sheep and goats though
breeding schemes [1-3]. A significant amount of attention has been focused in the last
decade on polyunsaturated fatty acid of the omega3 family (PUFA n-3) and conjugated
linoleic acid (CLA) concentrations of dairy products. Moreover, the groups of odd-chain
fatty acids (OCFA) and branched-chain fatty acids (BCFA), long neglected due to their
low incidence on the total amount of FA, have sparked interest in the scientific community
due to an inverse relationship with the development of human diseases.

In particular, the group of BCFA comprises mainly saturated fatty acids
characterized by the presence of one or more methyl groups in the iso or anteiso position.
Such molecules represent the main FAs in some microorganisms (e.g., Bacilli and
Lactobacilli), and they can be also observed in mammal tissues. In laboratory animals
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these FA evidenced anti-inflammatory properties [4], reduced the incidence of necrotizing
enterocolitis and altered the ecology of the gastrointestinal microorganisms in a neonatal
rat model [5].

The OCFA, which include pentadecanoic (C15:0) and heptadecanoic (C17:0) acids
and their isomeric forms, are mostly derived from ruminal bacteria cell wall and then
partitioned firstly to organs and tissues and, therefore, detectable in ruminant-derived
foods. Thus, dairy foods or ruminant fats represent the major dietary source of OCFA for
humans.

Moreover, the milk concentrations of C15:0 and C17:0 are considered biomarkers of
rumen microbial fermentation and microbial de novo lipogenesis [6]. In addition, the
mammary gland plays a role in their synthesis by using propionate [7], and the
subcutaneous adipose tissue and, therefore, after their mobilization, can be incorporated
into milk fat [8].

Humans are not able to synthetize C15:0 and C17:0 so they could be considered
valuable markers of dairy fat intake [9,10]. The role of these FA in human health has
recently been reinforced in view of new biological and nutritional observations. The C15:0
and C17:0 have been inversely associated with cardiovascular disease [11-14] and
incidence of type 2 diabetes [15-18]. The direct role of C15:0 in attenuating pro-
inflammatory state, cytotoxicity in human cell lines, anemia, and dyslipidemia lowering
glucose and cholesterol in vivo has been recently evidenced [19].

Among the different factors influencing the OBCFA concentration in milk and dairy
products, animal diet is the main one. Indeed, the diet of animals can modulate microbial
growth in the rumen, de novo microbial FA synthesis and the uptake of blood circulating
FA by the mammary gland. Variations in milk OBCFA have been observed in response to
lipid supplementation [20-22], change in forage to concentrate ratio [23] and use of by-
products rich in bioactive compounds [24]. Changes in the OBCFA concentration in milk
has been also observed with lactation stage [25] and with energy balance of animals [26],
probably as a consequence of the fat mobilization from adipose tissue and the extent of
mammary uptake for milk fat synthesis [27].

In Mediterranean areas, almost all sheep milk is processed into cheese, and milk fatty
acid profile has important effects on cheese fat quality under nutritional point of view.
The total transfer from milk into cheese of fatty acids of nutritional interest, as PUFA n-3
and CLA, has been reported in sheep [28], but effects of cheese-making technology has
been also evidenced [29]. However, the mechanisms influencing the relationship between
OBCFA concentrations in unprocessed milk and the derived dairy products are still
unclear. The presence of FA in the FA composition of different microorganism can be of
significant importance for the dairy industry where different microbial cultures, as
starters, are widely used for making different products. The consequence could be the
change of the native OCFA and BCFA milk concentrations after processing in cheese or
other dairy products.

The aims of this study were (a) to evaluate the extent of OBCFA transfer from ovine
and caprine milk to cheese (Experiment 1); (b) to describe the seasonal variation of OBCFA
in sheep and goat cheeses (Experiment 2). Both were sequentially investigated with two
independent surveys.

2. Materials and Methods

In Experiment 1, bulk tank milk of Sarda breed sheep and Sardinian goats and
cheeses were collected from processing plants in North Sardinia for sheep (n. 2) and in
west Sardinia for goats (n. 2). Samples were taken every two weeks during spring (March,
April and May) for a total of 12 milk samples per species. The transfer of OBCFA from
milk to fresh cheeses after 24 h from processing was evaluated.

In Experiment 2, mild sheep and goat cheeses, with a ripening time of about 20-30
days, were sampled monthly from January to July from nine sheep cheese-making plants
located in different areas of Sardinia (Guspini, Nurri, Marrubiu, Macomer, Dorgali,
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Oliena, Onifai, Thiesi, Berchidda), five plants of which produced also goat cheese. The
samples collection started in January, which corresponds to the begin of lactation both in
sheep and goats reared in Sardinia’s breeding system. The goats cheese samples were
from four lots/month from January to April and three different lots/month from May to
July for a total of 25 goat cheese samples. The sheep cheese samples were Pecorino Sardo
PDO type from 8 lots/month from January to May, and from four different lots/month in
June and July for a total of 48 sheep cheese samples.

The determination of FA concentrations in milk and cheese samples was carried out
by a gas chromatographic method, as previously described [20]. Briefly, after the lipid
extraction, a base-catalyzed trans-esterification FIL-IDF standard procedure [30] was used
to prepare FA methyl esters (FAME). Identification of individual FAME was allowed by
comparing their retention time with that of a series of analytical standards. Those included
the Supelco 37 component FAME MIX (Supelco, Bellefonte, PA, USA), the GLC-110 MIX
(Matreya Inc. Pleasant Gap, PA, USA) and some individual BCFA (Matreya Inc. Pleasant
Gap, PA, USA). Identification of OBCFA was also supported by the consultation of
previous studies [31,32]. The FA concentration was reported as mg/100 mg of total FAME.

Using R software (R Core Team, 2020), general linear model (GLM) was applied to
data on OBCFA and others main nutritional FA (R Core Team, 2020). The considered fixed
effects were species (sheep and goat) and product type (milk and cheese) for experiment
1, whereas species and month for Experiment 2. Significative differences were declared at
p <0.05.

Principal component analysis (PCA) was applied on sixty-three FA profile of sheep
and goats’ cheeses using prcomp R function. A total of 42 FA was considered and,
therefore, 42 principal components were extracted. Before PCA, all considered FA were
scaled to ensure unit variance.

3. Results and Discussion

Means (+SE) of fat concentration in milk and cheese of sheep and goat, respectively
were 6.16% (+0.26) and 5.42% (+0.03), 28.81% (+0.65) and 21.17% (+0.54).

3.1. Experiment 1: Fatty Acid Transfer from Milk to Cheese

FA composition in milk and cheese for sheep and goats is reported in Table 1. In total,
10 OBCFA were identified in both types of milk (Table 1), including 3 OCFA (C13:0, C15:0
and C17:0), 4 isoBCFA (isoC14:0, isoC15:0, isoC16:0, and isoC17:0) and 3 anteisoBCFA
(anteisoC13:0, anteisoC15:0 and anteisoC17:0).

Among them, C15:0 and C17:0 were the most abundant fatty acids, in agreement with
other research on sheep [33], goats and cows [34,35]; these OCFA accounted for 29% and
16% of the total concentration of OBCFA, respectively. In our study, C13:0 represents only
2.3%, value that agrees with the observations in dairy cows in which it represents 2% of
OCFA [34] or it has not been found [36], but lower than values previously reported in
sheep’s milk, where accounted for 6.3% of total OCFA [33].

Concentrations of individual OBCFA in the fat of fresh cheeses did not differ from
that of raw unprocessed milk (p > 0.05) in both species: it means that overall, OBCFA
content of milk is not significantly modified by cheese making processes, both in sheep
and goats.

In sheep milk, the content of total OBCFA is higher than that observed in goat milk,
due to a higher content of isoBCFA form of C15:0, C16:0 and C17:0, and anteiso C15:0 and
C17:0 (p < 0.05). No differences among species have been observed only for isoC13:0 and
isoC14:0. The differences between species could be related to their different feeding
regimen, as OBCFA in milk may change according to the bacterial population present in
the rumen and, particularly, because of the differences in their relative abundance.
Differences in OBCFA concentrations between these the species can occur also because of
different extents of de novo synthesis of these FA in the mammary gland, differential
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efficiency of intestinal absorption, and differential storage of some OBCFA in adipose tis-
sue, followed by their release during periods of fat mobilization.

The C17:1c9 was not detected in sheep and it was found in negligible amount in goat
milk and fresh cheese. In the mammary gland, the delta-9 desaturase activity can promote
the metabolization of some odd-chain fatty acids; only the conversion of C17:0 to C17:1cis9
has been found of quantitative importance in cows [37]. It has also been reported with a
mean concentration of 0.2% in milk of Assaf ewes raised in controlled and intensive farm-
ing system [33]. Therefore, the lack of C17:1c9 in Sarda dairy ewes might be related to
specific environmental condition related to the typical extensive breeding system of Sarda
dairy ewes and Sardinian goats.

The total content of OBCFA in sheep milk is higher in this experiment than that re-
ported for cows [36] and sheep (3.19 g/100 g of total FA) [33]. Differences could be related
to different feeding strategies at farm level, as grazing pasture, or vegetable lipid supple-
mentation, forage to concentrate ratio or other dietary factors, that deserve to be further
investigated.

Table 1. Odd and branched chain fatty acid in milk and cheese of sheep and goat species.
Sheep Goat p-Value
Milk Cheese SEM 1 Milk Cheese SEM! MusC 2 Species
Fat, % 6.15 28.81 5.42 21.17 * *
Fatty acid 3
iso C13:0 0.015 0.022 0.002 0.018 0.017 0.004 ns ns
iso C14:0 0.105 0.102 0.006 0.107 0.111 0.005 ns ns
iso C15:0 0.288 0.278 0.016 0.233 0.236 0.023 ns o
iso C16:0 0.288 0.290 0.006 0.239 0.253 0.018 ns o
iso C17:0 0.420 0.406 0.009 0.159 0.170 0.015 ns o
anteiso C13:0 0.050 0.052 0.010 0.066 0.073 0.014 ns *
anteiso C15:0 0.560 0.546 0.010 0.374 0.392 0.043 ns o
anteiso C17:0 0.495 0.502 0.008 0.381 0.399 0.031 ns *
C13:0 0.095 0.080 0.011 0.070 0.072 0.009 ns *
C15:0 1.178 1.214 0.052 0.880 0.893 0.073 ns *
C17:0 0.668 0.656 0.029 0.787 0.749 0.031 ns o
C17:1 cis9 0.000 0.000 0.000 0.007 0.002 0.007 ns *
BCFA 222 2.20 0.037 1.45 151 0.128 ns *
OCFA 2.00 2.00 0.075 1.65 1.67 0.083 ns *
OBCFA 4.22 4.20 0.103 3.16 3.12 0.216 ns *

1 SEM = standard error of means; 2 MvsC = Milk vs. Cheese; 3 Fatty acids: expressed as mg/100 mg of FAME; ** p <0.01, * p
< 0.05, ns not significant p > 0.05.

3.2. Experiment 2: Seasonal Variation of Branched and Odd Chain FA

Seasonal variation of individual and group of branched and odd chain fatty acid has
been investigated by collecting cheese samples throughout all lactation period of sheep
and goats, that in Sardinia, as in all Mediterranean environmental conditions, occurs from
January (start of lactation) to July (when animals are dry off).

The temporal evolution of these FA in cheese showed an increase of total OCFA and
BCFA in both species (p < 0.05) across all the sampling period (Figure 1a,b); the highest
contents of these FA were observed in the cheese produced with milk in advanced lacta-
tion, which corresponds also to the hot season. The increase of OBCFA across lactation
has been previously reported in dairy cows [34].
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Figure 1. Temporal evolution of (a) odd chain fatty acids (FA) and (b) branched chain FA from January to July in cheeses
from sheep (light grey line) and goats (dark grey line) milk.

Among individual OCFA, the content of odd C15:0 during lactation followed the
same pattern of the total OCFA, being the main representative of this group of FA (Figure
2a), whereas C17:0 showed constant concentration during the early and mid-lactation,
then increased at the end of lactation, in June and July for both species (Figure 2b). As far
as the changes of individual BCFA during lactation are concerned, both anteisoC15:0 and
anteisoC17:0 (Figure 2c,d) followed a similar pattern observed for total BCFA.
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Figure 2. Temporal evolution of (a) C15:0, (b) C17:0, (c) anteisoC15:0) and (d) anteisoC17:0 from January to July in sheep
(light grey line) and in goats (dark grey line) cheeses.
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Changes in the animals’ diet during the period under investigation, and in particular
the progressive modification of pasture grazed by animals, can be the most probable ex-
planation for the observed FA patterns. In fact, the typical lactation curve of the Sarda
sheep breed follows the natural availability, both in quantitative and qualitative terms, of
pastures [38]. As lactation progress, there is a worsening of nutritional quality of pasture
characterized by increase of fiber and a reduction of protein and FA contents, especially
alpha-linolenic acid (C18:3n3), which concentrations decrease in mature grass [39,40]. This
is supported by evolution of C18:3in cheeses samples as lactation progress (data not re-
ported), that confirmed the pattern of Sarda ewes previously observed [28].

Different mechanisms could be hypothesized to explain this pattern. One mechanism
could be related to the decrease of polyunsaturated fatty acids (PUFA) in the pasture that
could have reduced the toxic effect of unsaturated lipids on microbial growth [41,42], es-
pecially of cellulolytic bacteria [43]. This could increase the rumen microbial abundance,
followed by higher rumen outflow of fatty acid of microbial origin. A second possible
explanation could be the positive association between OBCFA and dietary fiber as with
progress of lactation there is an increase of neutral detergent fiber (NDF), especially acid
detergent lignin (ADL) in pasture. This is supported by previously observation in dairy
goats where dietary NDF was found the most important factor of variation in lipid com-
position of bacteria; and in dairy cows where the proportion of odd- and branched-chain
FA increased and those of even-chain saturated FA decreased with increasing forage [44].

The contents of almost all OBCFA in goat cheese differed from that of sheep, con-
firming the findings of the experiment 1. It is noteworthy that the goat’s milk processed
into cheese in this Mediterranean area comes from animals raised in extensive system,
characterized by natural pastures rich also in shrubs and essences of the Mediterranean
maquis, which contains tannins. These different pasture conditions among species could
be a possible explanation of the different concentrations in OBCFA observed between
sheep and goats [45].

In order to assess the overall differences among sheep and goat cheese in terms of FA
composition, a multivariate statistical analysis was carried out on the detailed FA profile.
In particular, PCA was used because it is a useful instrument to reduce the complexity of
a multivariate space, such as that of FA of cheese, and has demonstrated to be able to
separate samples (e.g., of different origin, dietary treatment, season of production, lacta-
tion stage), based exclusively on the FA composition [46—48]. An important application of
PCA could be, as an example, the authentication of dairy products according to their lipid
profile [49].

The first five principal components (PCs) explained the 80% of the total variance,
with the two first PCs accounting for more than 50% (PC1 and PC2, 36% and 22%, respec-
tively). The plot of the scores of the PC1 and PC2 (Figure 3a) allows the clustering of
cheeses according to the season of milk production (PC1) or to their species of origin
(PC2). Cheeses produced during winter—early spring season had positive scores for PCl1,
whereas those produced during late-spring—summer season had negative scores. Regard-
ing the PC2, goat and sheep cheese had positive and negative scores, respectively. In the
same plot, can be also observed that the Fa profile of sheep cheese was characterized by a
larger variability compared to goat one, across the seasons of production.

The loadings of the first two PCs are plotted in Figure 3b. PC loadings can be used to
describe and explain the main FA differences among the clusters of cheese observed in
Figure 3a, i.e., the plot of the scores (cheese produced in different season or from milk of
different species).

The original variables (i.e., single fatty acids) exhibiting the highest loading values
for the 2 PCs (both negatives and positives) can be used to describe the main differences,
in terms of FA, among samples belonging to the cheese of the two species and, also, pro-
duced in different seasons.

PC1 had high positive loadings for short chain FA (C4:0, C6:0, C8:0, C10:0), alpha
linolenic acid, vaccenic and rumenic acid. High negative loadings for PC1 were observed
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Principal Component 2 (22%)

for different long chain saturated FA (C20:0, C22:0, C24:0) and for the C18:1cis-9. This
pattern was quite consistent with the milk (and cheese) FA variation during seasons, due
to the worsening of pasture quality: in particular, the decrease of alpha-linolenic, vaccenic
and rumenic acids in dairy products is correlated to the decrease in pasture of alpha-lin-
olenic acid content from winter to summer. In addition, PC1 loadings can be also related
to the lactation progress (high short chain FA in early lactation and increase in C18:1 cis-
9 in mid and late lactation, in response to the energy requirement). This double effect of
pasture quality and animal lactation stage on the FA composition of cheese (particularly
in sheep cheese) was recently reported by [48]. As aforementioned, it is likely to be a con-
sequence of the typical seasonality of lambing of Sarda dairy sheep.

PC2 had larger negative loadings for rumenic acid, C4:0 and some OBCFA, in partic-
ular, anteisoC15:0, C15:0, and some isomer of C18:1, including vaccenic acid. Higher pos-
itive loadings of PC2 were observed for C18:0 and C10:0. This pattern suggested a better
FA composition of sheep cheese, from a nutritional point of view, considering that FA
with negative loadings for PC2 (including some OBCFA), and, therefore, mostly related
to sheep cheese, have been associated to beneficial aspect on human health, that were the
subject of this work. Due to its nutritional importance, the rumenic acid (most abundant
and important CLA isomer) should be mentioned. This FA has been received particular
attention due to the important beneficial healthy effects shown in vitro, animal and hu-
man as well [50,51]. The higher concentration in sheep milk (and cheese) compared to that
of goat has previously been reported [45].
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Figure 3. Scores (a) and loadings (b) plots of the two first principal components explaining 36 and 22% of the total variance,
respectively. In Figure 3a, circle identifies goat cheese, triangle identifies sheep cheese; green symbols identified cheese
produced in winter early spring, red symbols identified cheese produced in early spring—summer.

4. Conclusions

Results of the present survey showed that odd and branched chain fatty acids con-
centrations in the fat of fresh cheese is related to their content in both sheep and goats’
milk. The seasonal evolution evidenced that OBCFA concentrations in milk fat increase
with advancing lactation, probably due to variation in feeding technique typical of exten-
sive system of Mediterranean area characterized by animal grazing on pasture. As lacta-
tion progress, the pasture availability and quality gets worse, leading to a reduction in the
content of PUFA and protein and to an increase in fiber content. These results showed that
cheese could be an important source of OBCFA, but the concentration could vary accord-
ing to the lactation stage. The use of PCA on the detailed FA profile of cheese confirmed
the higher nutritional quality of sheep cheese for beneficial FA including OBCFA com-
pared to the goat one, and the importance of the period of sampling in the definition of
the fatty acids profile.
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