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ABSTRACT: Fresh forages are an important natural source of vitamins and fatty acids in ruminant diets, and their
concentrations in forage species are important for the quality of animal-derived foods such as dairy and meat products. The aims
of this study were to obtain novel information on vitamins and fatty acids (FA) in a variety of forage legumes and non-legume
forb species compared to a grass−clover mixture and to explore implications for animal-derived products. Seven dicotyledons
[four forbs (salad burnet (Sanguisorba minor), caraway (Carum carvi), chicory (Cichorium intybus), and ribwort plantain (Plantago
lanceolata)) and three legume species (yellow sweet clover (Melilotus officinalis), lucerne (Medicago sativa), and birdsfoot trefoil
(Lotus corniculatus))] and a perennial ryegrass−white clover mixture were investigated in a cutting trial with four harvests (May−
October) during 2009 and 2010. The experimental design was a randomized complete block, and analyses of variance were
performed. In addition, three other forbs were grown: borage (Borago officinalis), viper’s bugloss (Echium vulgare), and chervil
(Anthriscus cerefolium). Lucerne and yellow sweet clover had the lowest α-tocopherol concentrations (21−23 mg kg−1 DM) and
salad burnet and ribwort plantain the highest (77−85 mg kg−1 DM); β-carotene concentrations were lowest in lucerne, salad
burnet, and yellow sweet clover (26−33 mg kg−1 DM) and highest in caraway, birdsfoot trefoil, and ribwort plantain (56−61 mg
kg−1 DM). Total FA concentrations were lowest in lucerne, ribwort plantain, chicory, and yellow sweet clover (15.9−19.3 g kg−1
DM) and highest in caraway and birdsfoot trefoil (24.5−27.0 g kg−1 DM). Birdsfoot trefoil had the highest (53.6 g 100 g−1 FA)
and caraway and lucerne the lowest (33.7−35.7 g 100 g−1 FA) proportions of n-3 FA. This study demonstrated higher vitamin
concentrations in some forbs compared with major forages such as lucerne and grass−clover, more total FA in salad burnet,
caraway, and birdsfoot trefoil than in lucerne, and higher n-3 FA concentrations in all forbs than in lucerne. Opportunities are
discussed to develop novel biodiverse pastures for particular product quality characteristics.
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■ INTRODUCTION

Consumers are increasingly aware of the relationships between
their diet, health, and well-being. Retailers and marketers
anticipate; this can help to stimulate societal preference for
foods that are healthier and more nutritious.1 Ruminant
products have received increased attention due to concern
about the environmental impact of ruminant production2 and
health attributes of animal-derived foods due to their high
content of saturated FA. Nutritional strategies have been
developed to decrease especially the high content of saturated
FA and to increase polyunsaturated fatty acids (PUFA) with
perceived beneficial effects, for example, conjugated linoleic
acid (CLA) (C18:2 cis-9,trans-11), linoleic acid (C18:2n-6),
and α-linolenic acid (C18:3n-3),3−6 and vitamin content in
dairy and meat is of great interest. The amount and fatty acid
(FA) profile of fat in milk and meat can be modified by animal
diet; that is, the PUFA content increases when feeding
ruminants feedstuffs with higher contents of PUFA. In practice,
green plants are the main source of PUFA in dairy and meat
products. Chloroplast lipid contains high proportions of PUFA,
of which α-linolenic acid is usually the predominant fatty
acid.5,6 As α-linolenic acid is the building block of the very long-
chain n-3 PUFA (EPA and DHA), feeding forage can increase
these beneficial PUFA in milk and meat. Feeding forages
represents a low-cost approach to enhance the nutritional

quality of milk compared with plant oils or oilseeds and offers
the advantage of delivering n-3 FA while minimizing increases
in trans fatty acids other than C18:1trans-11 (vaccenic acid)
without negative effects on rumen metabolism. Besides, in
forages the lipids are part of a complex matrix and their release
in the rumen differs from that of lipids in oils and fats that can
impair rumen function when fed in high amounts. The transfer
rate of PUFA from forage to milk is high.3 Forages affect milk
fat and protein concentrations and also contribute to nutritive
value (vitamins, fatty acids), sensory properties, and physical
characteristics of milk and milk products.7,8 Their impact
depends on the species, proportion of forage in the diet,
conservation method, and composition of concentrate supple-
ments. After ingestion, lipolysis and biohydrogenation of plant
lipids in the rumen play a role.
Milk from grass-fed cows contains higher levels of PUFA

such as n-3 FA and CLA than that of silage- and concentrate-
fed cows.4,5 Milk with a high PUFA concentration is more
susceptible to oxidation than conventional milk.6 FA
composition may play a role in flavor development over
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time; for example, oxidized flavor in stored milk was positively
correlated with levels of linoleic acid, α-linolenic acid, and total
PUFA in milk fat.7 Antioxidants might prevent the develop-
ment of off-flavors and can increase the shelf life of dairy and
meat products. Green forage contains fat-soluble vitamins with
antioxidative properties, for example, α-tocopherol and β-
carotene (provitamin A),8 and antioxidants such as lutein. Milk
from grass-fed cows contains high levels of antioxidants such as
α-tocopherol (vitamin E) and β-carotene.9 Havemose et al.10

observed that milk from cows fed grass silage had higher
concentrations of the antioxidants β-carotene, lutein, zeax-
anthin, and α-tocopherol than milk from cows fed maize silage.
Calderon et al.11 observed a dose−response between β-
carotene and α-tocopherol dietary intakes and their secretion
in milk. The concentrations of vitamins in forage species are
thus important for the vitamin concentration as well as the
oxidative stability of animal-derived foods such as dairy10 and
meat products.12 Lindqvist et al.13 and Mogensen et al.14

showed that milk α-tocopherol content is mainly determined
by α-tocopherol content in forage and not by the α-tocopherol
supplemented with the vitamin−mineral mixture.
Whereas a substantial body of information is available on the

differences in composition and sensory properties of products
from pasture-based and concentrate-based systems of produc-
tion,5,15−18 relatively little information is available on the
differences in product quality between species-rich and
intensively managed, perennial ryegrass-dominated pastures.
Although increased concentrations of polyunsaturated FA in
milk from higher altitudes could be related to a higher
percentage of forbs (herbs),19 differences in climate or other
yet unknown factors might play a role as well.20 The
concentration and spectrum of antioxidants in milk from
cows fed botanically diverse pastures is largely unknown.
However, antioxidant properties have been reported for many
forb species,21,22 which if present in botanically diverse pasture
may confer added oxidative stability to milk. In forages, various
studies on vitamin and fatty acid concentrations were carried
out with common grasses23,24 and some legume species such as
white clover and lucerne, but data on non-leguminous forbs are
scarce.
Clapham et al.25 compared traditional and novel forage

species grown under greenhouse conditions and observed
significant differences in the FA profile of grass and forb
species. Few data are available on the FA profile of individual
forb species grown under field conditions. Warner et al.26 found
in a cutting trial in The Netherlands that forbs had higher FA
concentrations than timothy (Phleum pratense L.; 11.5−18.3 g
FA kg−1 DM), and levels ranged from 18.6 g kg−1 DM in
yarrow (Achillea millefolium L.) to 32.6 g kg−1 DM in chicory
(Cichorium intybus L.). However, this pilot study was carried
out during only three harvests in 2007, and no autumn cut was
investigated. Wyss and Collomb27 studied FA in grasses,
legumes, and dandelion (Taraxacum officinale L.) of two cuts
(May and September) during one year. Petersen et al.28

reported FA concentrations of forb and legume species during a
fortnight in late summer. Quantitative data from field
experiments carried out during the whole growing season and
during multiple years are lacking. As information accumulates
on the composition and impact of individual forbs on milk and
meat quality, opportunities may arise to develop novel
biodiverse pastures for particular product quality characteristics.
The aim of this study was to obtain novel data on vitamins and
fatty acids in a number of forb and forage legume species

compared to a grass−clover mixture, get insight into species
differences, and explore implications for animal-derived
products.

■ MATERIALS AND METHODS
The experiment was established at the Research Farm Foulumgaard,
Aarhus University, Denmark. Swards were established as pure stands
of the non-legume forb species salad burnet (Sanguisorba minor),
caraway (Carum carvi), chicory (Cichorium intybus), and ribwort
plantain (Plantago lanceolata) and the legume species yellow sweet
clover (Melilotus officinalis), lucerne (Medicago sativa), and birdsfoot
trefoil (Lotus corniculatus) and a grass−clover mixture with 15% white
clover (Trifolium repens) and 85% perennial ryegrass (Lolium perenne)
(seed weight proportions) in the spring of 2008. Pure stands of chervil
(Anthriscus cerefolium) were also sown in 2008 and of borage (Borago
officinalis) and viper’s bugloss (Echium vulgare) in 2009; the latter two
species were not replicated. The experimental setup was a randomized
block design with two replications. Net plot size was 1.5 m × 9 m. The
plots were harvested four times during 2009 and 2010 to a residual
stubble height of 7 cm. Cutting dates were May 29, July 9, August 21,
and October 23, 2009, and May 31, July 13, August 19, and October
21, 2010. Agronomic details and herbage yield data were presented
earlier.29

Sample Processing and Chemical Analyses. After cutting, the
herbage was weighed, and subsamples of the harvested herbage were
taken.

The botanical composition of the grass−clover mixture was not
determined. In the forb plots, unsown species were excluded from the
subsamples used for chemical analyses.

A subsample of approximately 0.5 kg of the total herbage was taken
from each cut in both years, immediately frozen in a plastic bag at −20
°C, freeze-dried, and subsequently stored in an airtight plastic bag at
−20 °C until analysis. Samples were later lyophilized and milled with a
1 mm screen. Of this material, 2 g was saponified in alcohol, and the
vitamins were subsequently extracted into heptane and quantified for
α-tocopherol, β-carotene (the sum of all isomers), and lutein
according to HPLC.30 In 2009, also γ- and δ-tocopherol were
measured. FA was extracted in a mixture of chloroform, methanol, and
water according to the method of Bligh and Dyer31,32 after
acidification by boiling in 3 mol L−1 HCl for 1 h. Methyl esters was
synthesized from alkaline methanol with BF3 as catalyst and analyzed
on gas−liquid chromatography as methyl esters with C17 as internal
standard.

Chervil, borage, and viper’s bugloss samples were analyzed for FA
and vitamins when the amount of herbage was sufficient. These species
were excluded from statistical analyses because chervil was present
only in the first cut and disappeared thereafter, whereas borage and
viper’s bugloss were unreplicated.

Statistical Analysis. The experimental design was a randomized
complete block with two replications. There were eight species (the
seven broad-leaf species plus the mixture) and four harvests per year.
Analysis of variance procedures were applied using the MIXED
procedures of SAS (version 9).33 Vitamin concentrations and fatty acid
concentration and composition data were evaluated with the following
model:

μ α β αβ δ λ δλ= + + + + + + + +

+ + +

Y A B

C D E Y

( ) ( )bscy s c sc y b yb bs bsc

sy bsy bscy bscy

where ybscy is the recorded value for species s in cut c of block b in year
y, Greek letters denote fixed effects, capital italic Latin letters denote
random effects, and lower case italic Latin letters identify the effects
and observations.

The following four effects were considered to be random effects:
block × species, block × species × cut, species × year, and block ×
species × year. Because the year × block effect (δλ)yb was not
significant for any of the parameters in a first analysis, this interaction
term was deleted and the analysis was repeated.34 Differences detected
among main effects and interactions were assessed using the PDIFF
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option in the least-squares means statement. All tests of significance
were made at the 0.05 level of probability.

■ RESULTS
Vitamins. The α-tocopherol concentrations were on

average lowest (P < 0.01) in lucerne and yellow sweet clover
and highest in salad burnet and ribwort plantain (ca. 22 versus
80 mg kg−1 DM, respectively); the latter two species
outperformed the grass−clover mixture (P < 0.01, Table 1).
The β-carotene concentrations ranged between 26 and 61 mg
kg−1 DM with salad burnet, lucerne, and yellow sweet clover at

the lower end and caraway, birdsfoot trefoil, and ribwort
plantain at the top end. Vitamin concentrations differed
significantly among harvests (Table 1) and were generally
lowest in the second cut and highest in the fourth cut; forage
yields were highest in the first and lowest in the fourth
harvest.29 Species × cut interactions that were significant
(Table 1) were relatively small compared to main effects
(illustrated for β-carotene, Figure 1a).
Birdsfoot trefoil and the grass−clover mixture had the

highest lutein concentrations (Table 1).

Table 1. Concentrations of α-Tocopherol, β-Carotene, and Lutein (Milligrams per Kilogram DM) for Four Non-legume Forbs,
Three Forage Legume Species and a Perennial Ryegrass−White Clover Mixture, Averaged (n = 16) over Four Cuts in 2009 and
2010a

significance of effects

species
salad
burnet caraway chicory

ribwort
plantain

yellow sweet
clover lucerne

birdsfoot
trefoil mixture

SEM species
effect spec cut S × C year

α-tocopherol 85 d 58 bcd 55 bc 77 cd 23 a 21 a 65 bcd 39 ab 4.4 ** * NS NS
β-carotene 30 ab 61 d 41 bc 56 d 33 ab 26 a 59 d 48 cd 4.5 * *** *** NS
lutein 129 a 174 bc 152 ab 149 ab 131 a 129 a 206 c 195 c 12.6 ** *** ** ***

aStandard error of the main effect of species (SEM). Significance of main effects of species (Spec) and cut, their interaction (S × C), and year (Y):
*** P < 0.001; ** P < 0.01; * P < 0.05; NS not significant. Within a column, least-squares means without a common letter are significantly different
(P < 0.05).

Figure 1. Concentrations of (a, top) β-carotene and (b, bottom) total fatty acids in forage of four non-leguminous forb species, three legumes, and a
perennial ryegrass−white clover mixture during four cuts (May, July, August, October), averaged (n = 4) over two years (2009 and 2010).
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The lutein concentration in chervil was 63 mg kg−1 DM.
Concentrations of α-tocopherol and β-carotene in chervil were
very low, that is, 13 and 10 mg kg −1 DM in the first harvest of
2009, respectively. However, the γ-tocopherol concentration
was 14 mg kg−1 DM, whereas in most species γ-tocopherol was
not detected. Only the grass−clover mixture and lucerne
contained γ-tocopherol, in levels ranging from 0 to 4 mg kg−1

DM and from 0 to 2 mg kg−1 DM throughout 2009,
respectively. δ-Tocopherol was detected only in chicory;
concentrations (15 and 67 mg kg−1 DM) ranged from 50 to
100% of its α-tocopherol concentrations, for which chicory had
an intermediate position compared to other species (Table 1).
Concentrations of α-tocopherol in borage (in replicate 1)

ranged from 48 to 73 mg kg−1 DM across the four harvests in
2009, whereas 25−38 mg kg−1 DM was found in the grass−
clover mixture. Concentrations of α-tocopherol in viper’s
bugloss (in replicate 2) were 69 and 122 mg kg−1 DM in
harvests 3 and 4 in 2009, whereas 41 and 50 mg kg−1 DM were
found in the grass−clover mixture.
For β-carotene, concentrations in borage ranged from 11 to

38 mg kg−1 DM versus from 32 to 48 mg kg −1 DM in grass−
clover; values in viper’s bugloss were 86 and 101 mg kg−1 DM
in harvests 3 and 4 versus 56 and 83 mg kg −1 DM in grass−
clover, respectively.

In 2010, only viper’s bugloss samples were analyzed. The
concentrations of α-tocopherol were 70, 66, 97, and 98 mg kg−1

DM in the four harvests versus 40, 55, 36, and 60 mg kg−1 DM
in grass−clover; the concentrations of β-carotene were 45, 35,
74, and 104 mg kg DM −1 versus 36, −, 43, and 69 mg kg DM
−1 in grass−clover, respectively.

Fatty Acids. Total and individual FA concentrations of the
seven replicated dicotyledonous species and the grass−clover
mixture are shown in Table 2 and their proportions in Table 3.
Species differed for absolute amounts as well as proportions of
FA. Total FA concentrations were lowest in lucerne, ribwort
plantain, chicory, and yellow sweet clover and highest in
caraway and birdsfoot trefoil (ca. 17 versus 26 g kg−1 DM,
respectively) (Table 2). FA concentrations were generally
lowest in the second cut in early July and highest in the fourth
cut in late October; species × cut interactions that were
significant (Tables 2 and 3) were relatively small compared to
main effects (Figure 1b).
Generally, α-linolenic acid was the main FA component

(Table 2). Concentrations of α-linolenic acid were lowest in
lucerne (5.8 g kg−1 DM) and highest in birdsfoot trefoil (14.6 g
kg−1 DM). Birdsfoot trefoil had on average the highest
proportion (0.54) of α-linolenic acid, and thus of n-3 FA,
and caraway and lucerne the lowest (ca. 0.35 of total FA)

Table 2. Concentrations of Total Fatty Acids (FA), Individual and Categories of FA (Grams per Kilogram DM) for Four Non-
legume Forbs, Three Forage Legume Species, and a Perennial Ryegrass−White Clover Mixture, Averaged (n = 16) over Four
Cuts in 2009 and 2010a

signifcance of effects

species
salad
burnet caraway chicory

ribwort
plantain

yellow
sweet
clover lucerne

birdsfoot
trefoil mixture

SEM
species
effect S C S × C Y

total FA 22.2 bc 24.5 cd 19.2 ab 17.1 a 19.3 ab 15.9 a 27.0 d 22.0 bc 1.0 ** * *** **
C10:0 0.1 0.1 0.0 0.1 0.1 0.1 0.1 0.1 0.03 NS *** NS ***
C12:0 0.1 d 0.0 a 0.0 a 0.0 a 0.1 cd 0.0 b 0.1 c 0.0 b 0.01 *** *** *** NS
C14:0 0.2 a 0.2 a 0.1 a 0.2 a 0.2 a 0.2 a 0.4 b 0.2 a 0.02 * *** *** NS
C16:0 3.5 b 4.1 cd 3.9 bc 2.9 a 4.5 de 4.0 cd 4.7 e 4.1 cd 0.12 ** *** NS **
C16:1n-9 0.3 a 0.4 ab 0.3 a 0.3 a 0.3 ab 0.4 ab 0.4 bc 0.6 c 0.03 * NS NS NS
C18:0 0.8 d 0.3 ab 0.3 a 0.3 a 0.6 cd 0.6 c 0.4 b 0.6 c 0.03 *** * NS *
C18:1n-9 1.1 1.3 0.4 0.5 0.6 0.5 0.5 0.9 0.11 NS *** ** NS
C18:2n-6 4.8 b 6.9 c 4.3 ab 3.6 ab 3.5 ab 3.3 a 4.7 b 3.9 ab 0.27 ** ** ** **
C18:3n-3 10.4 bc 8.3 ab 8.9 b 8.4 b 8.1 ab 5.8 a 14.6 c 10.3 bc 0.65 ** *** * **
C18:3n-6 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.00 NS NS NS NS
C18:4n-3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00 NS NS NS NS
C20:0 0.2 c 0.1 a 0.1 a 0.1 ab 0.2 c 0.2 b 0.2 c 0.2 b 0.01 *** *** *** *
C22:0 0.1 a 0.2 b 0.2 b 0.2 b 0.3 c 0.2 b 0.2 b 0.2 b 0.01 ** *** NS ***
C24:0 0.2 ab 0.3 f 0.3 e 0.1 a 0.2 bc 0.3 cd 0.3 de 0.3 de 0.02 *** *** *** ***
other FA 0.4 a 2.3 b 0.3 a 0.3 a 0.6 a 0.4 a 0.4 a 0.6 a 0.06 *** *** *** NS

n-3 10.4 b 8.3 b 8.9 b 8.4 b 8.1 ab 5.8 a 14.6 c 10.3 b 0.7 ** *** * **
n-6 4.8 b 6.9 c 4.4 ab 3.6 ab 3.5 ab 3.3 a 4.8 ab 4.0 ab 0.3 ** ** ** **
n-6:n-3 0.48 bc 0.89 d 0.51 bc 0.48 bc 0.44 bc 0.59 c 0.33 a 0.41 b 0.03 ** *** ** NS
PUFAb 15.2 c 15.2 c 13.3 bc 12.0 ab 11.7 ab 9.1 a 19.4 d 14.3 bc 0.8 ** *** ** NS
MUFAc 1.3 1.7 0.7 0.7 0.9 0.8 0.9 1.5 0.1 NS *** ** NS
SFAd 5.3 bc 5.3 bc 4.9 b 4.0 a 6.3 de 5.5 bcd 6.3 e 5.6 cd 0.2 ** *** NS **
MCFAe 0.4 de 0.2 ab 0.2 a 0.3 abc 0.4 cde 0.3 abcd 0.5 e 0.3 bcd 0.04 ** *** * ***
ΣC16f 3.7 ab 4.5 cd 4.1 bc 3.2 a 4.8 de 4.3 cd 5.1 e 4.6 cde 0.13 ** *** * **
LCFAg 18.1 cde 19.7 de 14.9 abc 13.6 ab 14.2 abc 11.3 a 21.4 e 17.1 bcd 0.94 ** *** * **

aStandard error of the main effect of species (SEM). Significance of main effects of species (S) and cut (C), their interaction, and of year (Y): *** P
< 0.001; ** P < 0.01; * P < 0.05; NS not significant. Within a row, least-squares means without a common letter are significantly different (P < 0.05).
bPolyunsaturated fatty acids. cMonounsaturated fatty acids. dSaturated fatty acids. eMedium-chain fatty acids: C10:0 + C12:0 + C14:0. fC16:0 +
C16:1. gLong-chain fatty acids: ≥C18.
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(Table 3). Concentrations of linoleic acid were lowest in
lucerne (3.3 g kg−1 DM) and highest in caraway (6.9 g kg−1

DM). The lowest linoleic acid proportions were found in
birdsfoot trefoil, yellow sweet clover, and grass−clover (ca.
0.18) and the highest proportions in caraway (0.28). The n-6:n-
3 ratio was lower in birdsfoot trefoil (0.33) than in all other
species; it was highest in caraway (0.89) and higher in lucerne
(0.59) than in most other species (Table 2).
Caraway had high amounts and proportions of FA other than

the three major FA α-linolenic acid, linoleic acid, and palmitic
acid (C16:0); this was also found for borage, chervil, and viper’s
bugloss. Chervil had a very high total FA concentration (30 g
FA kg−1 DM in spring) and a distinct FA pattern with linoleic
acid (0.45) as main FA, a low proportion of α-linolenic acid
(0.19) being similar to that of palmitic acid, and hence a very
high n-6:n-3 ratio (2.55). Its oleic acid proportion (0.07) was
about 10 times higher than in other species and was an
important compound of “other FA” (0.18 of total FA). C18:4n-
3 was mainly found in viper’s bugloss and borage. Its
concentrations ranged from 3.1 to 8.9 g kg−1 DM in viper’s
bugloss and from 6.2 to 7.2 g kg−1 DM in borage; proportions
ranged from 0.02 to 0.04 of total FA and from 0.03 of 0.05 of
total FA, respectively.
FA profiles of Boraginaceae were different because “other

FA” occurred in very high proportions, stearidonic acid
(C18:4n-3) being one of these. Borage had almost equal
proportions of α-linolenic, linoleic, and palmitic acid of 0.2,
whereas “other FA” had the largest share (0.4); the n-6:n-3
ratio was 1. Viper’s bugloss had a FA composition of 0.39 α-

linolenic acid, 0.19 palmitic acid, 0.17 linoleic acid, 0.8
stearidonic acid, and 0.17 other FA and a n-6:n-3 ratio of
0.44. Stearidonic acid proportions were relatively high in viper’s
bugloss and borage (0.02−0.04 and 0.03−0.05 of total FA,
respectively), whereas it was only occasionally present in yellow
sweet clover and birdsfoot trefoil at <0.01 (Table 2).

Functional Groups. Whereas in the grass−clover mixture
proportions of linoleic and palmitic acid were rather similar
(0.18 versus 0.19, Table 3), in the non-leguminous forbs the
proportion of linoleic acid was higher than that of palmitic acid,
particularly in caraway and salad burnet, whereas the opposite
was found in the legumes. At the level of functional groups,
forbs had lower concentrations of saturated FA and C16 FA, a
higher proportion of linoleic acid, and a higher n-6:n-3 ratio
than legumes but, generally, within each functional group large
differences were found among individual species. For example,
lucerne and yellow sweet clover were similar in having low FA
concentrations, low proportions of PUFA and long-chain FA,
and high proportions of C22:0, saturated FA, medium-chain
FA, and C16 FA (Table 3), but birdsfoot trefoil was quite
different from the other legumes. In the forbs, for example,
ribwort plantain had a lower FA concentration than caraway,
whereas salad burnet and ribwort plantain had higher
proportions of n-3 FA, PUFA, medium-chain FA, long-chain
FA, and C18:0 and lower proportions of n-6 FA, C20:0, C24:0,
and other FA and a lower n-6:n-3 ratio than caraway.
Vitamin contents differed largely among legume species, as

birdsfoot trefoil had a significantly higher α-tocopherol
concentration than lucerne and yellow sweet clover, which

Table 3. Proportions of Individual and Categories of Fatty Acids (FA) (Grams per 100 g FA) for Four Non-legume Forbs,
Three Forage Legume Species, and a Perennial Ryegrass−White Clover Mixture, Averaged over Four Cuts in 2009 and 2010a

significance of effects

species
salad
burnet caraway chicory

ribwort
plantain

yellow sweet
clover lucerne

birdsfoot
trefoil mixture

SEM species
effect S C S × C Y

C10:0 0.42 0.24 0.24 0.38 0.58 0.43 0.27 0.28 0.13 NS * NS ***
C12:0 0.40 d 0.05 a 0.06 ab 0.00 a 0.44 d 0.24 c 0.27 c 0.17 bc 0.03 *** *** *** *
C14:0 1.00 a 0.74 a 0.79 a 1.31 b 1.05 a 1.28 b 1.41 b 0.99 a 0.08 * ** *** NS

C16:0 15.83 a 17.01 ab 20.60 c 17.77 ab 23.24 25.58 e 17.51 ab 18.75 bc 0.51 *** *** *** *
C16:1n-9 1.21 a 1.52 a 1.49 a 1.54 a 1.62 a 2.42 b 1.72 a 2.61 b 0.16 * * NS *
C18:0 3.61 d 1.30 a 1.42 ab 1.89 b 3.29 cd 3.86 d 1.65 ab 2.81 c 0.15 *** *** NS NS

C18:1n-9 4.56 5.27 2.13 2.88 3.19 2.85 1.7 4.33 0.46 NS *** ** NS

C18:2n-6 21.24 c 28.03 d 22.68 c 21.62 c 17.88 ab 20.55 bc 17.47 a 17.92 ab 0.65 ** *** *** NS

C18:3n-3 46.96 bc 33.70 a 45.54 bc 47.51 c 41.52 ab 35.69 a 53.53 d 46.11 bc 1.26 *** *** ** NS

C18:3n-6 0.25 bc 0.12 a 0.32 c 0.21 b 0.23 b 0.23 b 0.17 ab 0.18 ab 0.02 * NS NS *
C18:4n-3 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00 0.01 NS NS NS NS

C20:0 1.14 ef 0.35 a 0.53 b 0.81 cd 1.27 f 1.04 e 0.90 d 0.72 c 0.04 *** NS *** NS

C22:0 0.67 a 0.90 bc 1.04 cd 1.30 de 1.42 e 1.44 e 0.79 ab 1.04 cd 0.05 *** * * NS

C24:0 0.92 ab 1.39 def 1.58 ef 0.79 a 1.16 bcd 1.6 f 1.03 abc 1.30 cde 0.06 ** NS ** NS

other FA 1.36 a 9.07 d 1.31 a 1.58 ab 1.76 abc 2.33 c 1.26 a 2.14 bc 0.17 *** *** *** NS

n-3 46.98 cd 33.70 a 45.54 bc 47.51 cd 41.59 b 35.69 a 53.59 d 46.11 bc 0.66 *** *** * NS

n-6 21.50 c 28.15 d 23.00 cd 21.83 c 18.11 ab 20.79 bc 17.64 a 18.10 ab 1.26 ** *** *** NS

PUFAb 68.55 d 61.85 bc 68.54 d 69.34 d 59.67 b 56.48 a 71.23 d 64.21 c 0.97 *** *** NS **
MUFAc 6.19 7.09 3.9 4.83 5.87 5.71 3.7 7.58 0.56 NS *** ** NS

SFAd 24.00 a 21.98 a 26.25 b 24.26 ab 32.29 c 35.49 d 23.76 a 26.06 b 0.80 *** *** *** **
MCFAe 1.83 bc 1.03 a 1.09 a 1.69 bc 2.03 c 1.95 c 1.95 c 1.45 ab 0.19 ** ** ** ***
ΣC16f 17.05 a 18.53 ab 22.09 d 19.31 bc 24.88 e 28.00 f 19.22 abc 21.36 cd 0.59 ** ** ** NS

LCFAg 79.76 d 71.37 b 75.51 c 77.42 cd 71.27 b 67.72 a 77.63 cd 75.05 c 0.68 ** ** *** NS
aStandard error of the main effect of species (SEM). Significance of main effects of species (S) and cut (C), their interaction, and of year (Y): *** P
< 0.001; ** P < 0.01; * P < 0.05; NS not significant. Within a row, least-squares means without a common superscript are significantly different (P <
0.05). bPolyunsaturated fatty acids. cMonounsaturated fatty acids. dSaturated fatty acids. eMedium-chain fatty acids: C10:0 + C12:0 + C14:0. fC16:0
+ C16:1. gLong-chain fatty acids: ≥C18.
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was also the case for concentrations of β-carotene and lutein.
The grass−clover mixture had a numerically intermediate
content (Table 1), but no information is available on the grass
and clover vitamin contents and yields, hampering a direct
comparison with grass. No common feature was found among
the four non-leguminous forb species.

■ DISCUSSION
Vitamins and Fatty Acids. Samples were frozen within 2 h

after harvest, and wilting in this period was avoided as much as
possible by storage in plastic bags that were kept out of the sun,
so no effect of wilting was expected. Mean concentrations of α-
tocopherol and β-carotene in the grass−clover mixture (39 and
48 mg kg−1 DM, respectively) were comparable to those in
mixtures in the study of Lindqvist et al.13 Legumes usually
contain less α-tocopherol than grasses,35 but in Norwegian
alpine grazing plants,36 grasses had a lower content (28 ± 11
mg kg−1 DM) of α-tocopherol than forbs (215 ± 94 mg kg−1

DM). In the latter study, a different analytical method was used.
Small-sized and fine-leaved grass species had very low levels of
α-tocopherol (2−6 μg g−1 DM), whereas the contents for large
and broad-leaved grasses were significantly higher (48−82 μg
g−1 DM). In our study, species differences within each of the
functional groups of forbs and legumes were large, and no
contrast for forage yield29 or vitamin contents was found
between these functional groups. Chicory was the only species
containing δ-tocopherol.
In line with our findings, high total FA concentration levels

in forbs were also found by Warner et al.:26 on May 14, chicory
contained most (P < 0.01) total FA (32.6 g kg−1 DM) followed
by yarrow (25.9 g kg−1 DM), parsnip (Pastinaca sativa L.) (25.0
g kg−1 DM), and ribwort plantain (20.8 g kg−1 DM), whereas
timothy had the lowest FA content (18.3 g kg−1 DM); the same
ranking order was found in June and August. Clapham et al.25

also reported that chicory contained the most total FA.
There are several fatty acids in green plants, and α-linolenic

acid is often the main FA, followed by linoleic acid and palmitic
acid.37 Proportions of ca. 0.5−0.6, 0.2, and 0.2 of total FA,
respectively, were reported in forbs and legumes25,26,28 and in
perennial ryegrass.4,38,39 In young leafy plants, the proportion
of α-linolenic acid can be >0.6.27,39

In this study in all species α-linolenic acid was the main
component, although the FA profile differed among species.
Petersen et al.28 found α-linolenic acid proportions of 0.38 in
white clover, 0.45 in lucerne, chicory, and ribwort plantain, 0.50
in yellow sweet clover and salad burnet, and 0.58 in birdsfoot
trefoil and perennial ryegrass; concentrations ranged from 3.4 g
kg−1 DM in white clover to 10.2 g kg−1 DM in perennial
ryegrass. Their linoleic acid concentrations ranged from 1.8 to
2.9 g kg−1 DM and were higher in caraway (4.0 g kg−1 DM);
proportions ranged from 0.14 in birdsfoot trefoil and perennial
ryegrass to 26 in caraway and ribwort plantain, which is in line
with our findings.
In our study chervil had a high oleic acid content. Petersen et

al.28 even found oleic acid to be the main FA (0.47) in chervil,
with linoleic acid as second (0.36) and α-linolenic acid only
0.03. Caraway and chervil belong to the Apiaceae, as does
parsnip, where also a high proportion of linoleic acid (0.39) and
a low proportion of α-linolenic acid (0.27) were found.26

In summary, reported (fragmented) data suggest that chervil
and dandelion27 had the highest FA concentrations, chicory
sometimes had high and sometimes rather low contents
compared with other forb and legume species, and grasses

often had the lowest contents, although not always. The n-6:n-3
ratio was highest in caraway and lowest in birdsfoot trefoil.
Forb species belonging to the Boraginacea and Apiaceae had
high amounts and proportions of FA other than the three major
FA. This study demonstrated higher vitamin concentrations in
some forbs compared with major forages such as lucerne and
grass−clover, more total FA in salad burnet, caraway, and
birdsfoot trefoil than in lucerne, and higher n-3 FA
concentrations in all forbs than in lucerne.

Effects on Animals and Animal-Derived Products. Van
Ranst et al.40 postulated that PUFA could be protected against
biohydrogenation through encapsulation in protein−phenol
complexes. Specific secondary plant metabolites, such as
condensed tannins or saponins, may inhibit lipase activity.
Salad burnet contains amonst others phenols; Loges41 found
18.6% of DM in the first cut in 2010, whereas chicory and
ribwort plantain contained around 6.5% phenols. The higher
PUFA content in meat and milk of animals grazing species-rich
relative to improved grass swards may relate to inhibited or
modified fatty acid metabolism in the rumen. The changes may
be caused by plant secondary compounds, which are associated
with the numerous dicotyledonous species common in species-
rich grassland. However, the presence of specific metabolites in
forbs of botanically diverse forage, which might modify rumen
fatty acid metabolism or transfer efficiency of α-linolenic acid
from the duodenum to the mammary gland, still needs to be
tested in vivo. Few studies have been carried out to examine the
effect on milk composition of forage plants (chicory and
birdsfoot trefoil, respectively) containing such metabolites;42,43

beneficial effects of these species on animal performance due to
reduction of parasites have been reported.44,45

Increased knowledge of the fate of the lipid-rich chloroplast
in the rumen represents an opportunity to deliver more
beneficial n-3 PUFA from rumen through to the small intestine
and hence to milk and meat lipids.46

The high vitamin concentrations of some forbs as found in
this study offer perspectives for naturally improved milk vitamin
composition. In a pilot study comparing the transfer efficiency
and content in milk of n-3 and n-6 FA and vitamins of cows fed
a Total Mixed Ration (TMR), fresh grass−clover forage, or a
mixture of forb species in Denmark, the FA increased with
forbs due to an increased transfer rate from feed to milk, but
apart from a higher retinol content with forbs, no significant
differences were observed in the vitamin content of the various
milks;3 there were, however, increased contents of n-3 and n-6
fatty acids (FA) in milk of forb-fed cows that could be due to an
increase in transfer efficiency from feed to milk for n-3 FA
compared to both grass−clover and TMR diets. Further studies
are underway.
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