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ABSTRACT - An experiment was conducted to evaluate the effects of species, cultivar, and phenological
stage, on the concentration of fatty acid composition in different forages legumes. Four species and eight
cultivars Vicia sativa L. (VS cv. Jose JO, and Nikian NI), Vicia Villosa Roth (VV cv.Haiymaker HA, and Hun-
givillosa HU) Trifolium incarnatum L. (TI cv. Viterbo VI, and Contea CO), and Trifolium alexandrinum L.
(TAX cv Marmilla MA and Sacromonte SA) were compared. Overall the main factors which influence fatty
acids (FA) profile appear to be forage species and phenological stage but we need to consider the numerous
interaction with these factors; besides the second important FA (C16:0) did not change between different
phenological stages whereas linoleic acid increases (about 50% P<0.01) and linolenic acid decreases (about
10% P<0.01) from vegetative to reproductive stage. We observe also a worsening effect (P<0.05) on un-
saturated/saturated (UNSAT/SAT) ratio from vegetative to reproductive stage. In conclusion these studies
demonstrate a significant genetic component to the level and pattern of fatty acid concentration as well as
a key role of the association between phenological stage and cultivars which modulated the amplitude and
the trend of fatty acid pattern.
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Introduction - Managing the fatty acid composition of grazing ruminant could lead to increase the
levels of ©-3 fatty acid and conjugated linoleic acid (CLA) in meat and dairy products. Since the dynamic of
forage fatty acid pattern is very poorly studied the results from grazing animals are frequently misunder-
stand because a lot of variable which influence fatty acid composition of herbage are unknown. For these
reasons we need to improve the knowledge about the influence of different forage species, cultivars and
phenological stages on forage fatty acid composition, in order to increase the transfer ratio efficiency of
these FA from forage to ruminant products. In general the lipid content in forage plants is about 3-5 %, but
its variation is considerable. Ruminant products are the only significant source of conjugated linoleic acid
(CLA) and they are an alternative as a source of ®-3 fatty acid, which may be beneficial components in the
human diet. Fresh forage are a reach source of linoleic and linolenic acids which are the precursors of ®-3
fatty acid in milk and meat. Although forages usually contains a high proportion of ether extract (EE) as
linolenic and linoleic acid and this high proportion can have substantial effects on the fatty acid profiles of
dairy products. Some authors showed that fatty acid profiles were distinctive to species confirming a strong
genetic basis, whereas in others studies within perennial ryegrass varieties no evidence was found about
the effect of ploidy in relation to level and pattern of fatty acids. Elgersma et al., 2003 showed in some case
that, cultivar can affect the fatty acid composition in perennial ryegrass (Lolium perenne) in particular for
linoleic and linolenic acid likewise. Boufaied et al., 2003 found a very strong effect of cultivar on linoleic and
linolenic acid in both grasses and legumes forage. Since legumes are interesting for their role in sustainable
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feeding systems, when the level of these forage species in pasture is linked to the higher concentration of
CLA and -3 fatty acid in milk (Cabiddu et al., 2003). The objective of the work is to determine how the FA
composition within legumes species change during different phenological stages for to increase delivery of
fatty acids from plants to ruminant products.

Material and methods — The esperiment was carried out at Bonassai farm (NW Sardinia, Italy) on a
flat calcareous soil. Four species and eight cultivars Vicia sativa L. (VS cv. Jose JO, and Nikian NI), Vicia
Villosa Roth (VV c¢v. Haiymaker HA, and Hungivillosa HU) Trifolium incarnatum L. (TT cv. Viterbo VI, and
Contea CO), and Trifolium alexandrinum L. (TAX cv Marmilla MA and Sacromonte SA) were compared in a
randomized experimental design. Samples of herbage were taken at vegetative and reproductive stage and
stored at -20°C prior to chemical analysis. These samples were freeze dried and their fatty acid composition
analysed. Lipid extraction was carried out as described by Cabiddu et al., (2009), using a mixture of solvents
(chloroform:methanol (2/1; v/v)) and lipid were converted to methyl esters. FA were determined according to
the method reported by Cabiddu et al., 2009. The results were submitted to GLM analysis to test the effect
of forage species (SP) cultivar within species (CV) phenological stage (PS) and their interaction

Results and conclusions — All fatty acid profile (expressed by fatty acid methyl esters, FAME), was
influenced by forage species, and even if at lesser extent by cultivars (within species) and phenological stage.
Apparently the main factors which influence FA profile appear to be forage species and phenological stage
but we need to consider the numerous interaction between these factors (Table 1). Another interesting re-
sult is that the second important FA (C16:0) did not change between different phenological stages whereas
linoleic acid increases (about 50% P<0.01) and linolenic acid decreases (about 10% P<0.01) passing from
vegetative to reproductive stage. Overall we observe also a worsening effect (P<0.05) on unsat/sat ratio
from vegetative to reproductive stage (Figure 1). Likewise Boufaied et al., 2003 the main representative
FA are linolenic acid, palmitic acid and linoleic acid. About the content of linolenic acid, the Beersem clover
Egyptian clover (T alexandrinum) showed the best results (562% vs 37, 45 and 35% FAME; P<0.01 for TAX,
TIN VS and VV) whereas the cultivar effect on this FA was detected only during the reproductive stage in
TIN (43 vs 32; P<0.01 for VI e CO respectively) and VV (38 vs 30; P<0.05 for HU and HA respectively). For-
age species did not influence linoleic acid content whereas a significant effect of cultivar within species was
observed, with biggest differences for Crimson clover (7. incarnatum) during reproductive stage (16.36 vs
27.97 % FAME; P<0.01 for CO e VI respectively).

In conclusion these
results confirm that also
in the Mediterranean re-
gion forage species and,
even if at lower level, cul-
tivars play a key role for
to modulate the fatty acid
composition. The trend
and the amplitude of fatty
acid pattern in the plant
could be modulated by
the interaction between
cultivar and phenologi-
cal stage, as observed in
Crimson clover where
passing from vegetative
to reproductive stage lino-
lenic acid decreased in CO

Figure 1. Levels of PUFA (A) and unsat/sat ratio (B) in expe-
rimental forages during vegetative (G) and repro-
ductive stages (R).
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and increased in VI. In this species, also during vegetative stage, the pattern and the amplitude of linoleic
acid showed differences between cultivars.

Table 1. Fatty acid composition (%6FAME) of forage species (SP) and cultivars
(CV).

sP CV  C12:0 C14:0 Cif‘g:l C15:0 C16:0° C16:0 C17:0 C18:0 C18:1° C18:1° C18:2° C20:0 CI18:3 (C22:0
Growth stage

TAX MA 058 035 015 149 569 1504 202 239 078 022 118 039 5828 0.77
TAX SA 063 036 017 162 578 1509 204 244 076 018 1220 038 5759 0.75
TIN CO 102 070 043 271 1032 2530 3.25 489 148 042 1110 084 3643 112
TIN VI 108 065 041 296 1081 2454 337 522 159 045 1059 0.80 3658 0.95
VS 0O 072 044 011 196 744 1668 283 283 162 025 1528 139 4751 094
VS NI 074 046 011 198 721 158 272 256 118 020 1505 1.26 49.81 0.88
w HA 104 074 022 280 1056 2392 345 320 130 037 1384 138 3551 1.68
w HU 092 078 020 254 959 2589 285 351 140 033 1407 214 3383 195

Repreductive stage
TAX MA 071 058 025 190 685 1682 113 388 159 036 1780 1.61 4550 1.01

TAX SA 0.71  0.58 0.26 1.85 719 1696 1.24 3.67 1.42 030 17.62 117 4597 1.05
TIN co 0.72 055 0.45 1.99 7.64 2677 2.06 378  4.83 053 1636 1.23 3175 133
TIN VI 0.78 0.81 0.53 2.09 7.87 25.67 147 7.11 854 073 2797 7.60 4283 2.05
VS JO 0.74  0.55 0.16 208 877 1882 237 3.07 234 037 1651 155 4177 0.90
VS NI 0.71 053 0.16 193 787 1919 241 3.03 2.45 035 16.80 140 4225 091
W HA 1.01 0.76 031 271 1048 2639 213 3.37 2.18 0.49 1537 180 30.81 219
W HU 0.78 0.56 020 219 819 2285 1.85 2.98 1.97 0.45 1647 191 38.01 1.60
SEM 0.004 0.002 0.001 0.011 0.039 0.80 0.021 0.011 0.020 0.001 0.090 0.019 0.500 0.007
Source of variation

SP *k *k *% *k Kk *% *k Kk *% *x ns *k *k Kk
cv ns ns ns ns ns ns * 0.05 ns ns * bl ns ns
PS 0.06 ns wx * ns ns *x ns wx *x *x bl *x *x
SP*PS *k * ns *k *k ns *k ns *%k ns *k *%k * *
CV*PS * 0.05 ns * *x ns *x ns wx ns *x wx 0.08 *x

Effects of forage (SP) cultivar within species (CV), phenological stage (PS) and their interactions;*; P<0.05; **,
P<0.01; ns, not significant.2=C16:0 iso; ®>=C18:1 ¢-9; °=C18:1 ¢-11; 9=C18:2 ¢-9,c-12; *=C18:3 ¢-9, ¢-12, c-15.
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