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ABSTRACT
The milk and meat from animals with a pasture-based diet have higher proportions of CLA and C18:3 and 
lower omega-6:omega-3 ratios than products from animals with diets based on corn silage and concentrate. 
However, most of the published studies have evaluated fatty acid profiles in temperate climate grasses and 
the literature with tropical grasses is scarce. Thus, the aim of this study was to evaluate the morphological 
and fatty acid compositions in the vertical strata of elephant grass (Pennisetum purpureum Schum.) swards 
subjected to grazing heights (90 or 120 cm pre-grazing heights) and levels of defoliation (50% or 70% 
removal of the initial pre-grazing height). There were no interactions among pre-grazing height, the level 
of defoliation and grazing stratum. However, higher proportion of C18:3 (58% and 63%) was found in the 
90-cm swards and in the half upper stratum. A higher proportion of C18:3 was associated with a higher leaf 
proportion and crude protein content. Thus, the upper stratum of sward or a grazing management scheme 
(e.g. first-last stocking) resulting in a higher proportion of leaves and crude protein both provide higher 
proportions of C18:3 to animals grazing in elephant grass swards. 
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INTRODUCTION

In recent decades, the scientific community has 
reported that food containing high proportions 
of saturated fatty acids (SFAs) and cholesterol is 
associated with an increased risk of cardiovascular 
disease, which has generated concern regarding 
the consumption of saturated fat, including milk, 
meat and eggs (Putnam et al. 2002, O’Keeffe and 

St-Onge 2013). However, recent research suggests 
that not all SFAs have negative effects on human 
health (Daley et al. 2010), and ruminant milk and 
meat contain some polyunsaturated fatty acids 
(PUFAs) that have beneficial effects (Demeyer and 
Doreau 1999). Among PUFAs, those with higher 
proportions of C18:2 cis-9 trans-11 (conjugated 
linolenic acid: CLA) and omega-6:omega-3 ratios 
<4:1 appear to reduce the risks of cardiovascular 
disease, hyperglycaemia and cancer (Mcguire and 
Mcguire 2000).
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Ruminant milk and meat are sources of CLA 
and omega-3 fatty acids in the human diet, and the 
concentration of these nutrients in ruminant products 
is mainly related to the proportions of C18:2 and 
C18:3 in animal feed and the incomplete ruminal 
biohydrogenation of these molecules (Bauman et 
al. 2000, Lock and Garnsworthy 2002). As C18:3 
is the most common fatty acid (FA) in forage 
plants, the use of pasture as the main or exclusive 
source of animal feed provides a sustainable source 
of PUFAs (Palladino et al. 2009). Milk and meat 
from animals with a pasture-based diet have higher 
proportions of CLA and C18:3 and lower omega-
6:omega-3 ratios than products from animals with 
diets based on corn silage and concentrate (Revello 
et al. 2010).

The concentrations of C18:2 and C18:3 in 
forage plants can change according to plant species 
(Clapham et al. 2005, Dierking et al. 2010), leaf 
senescence (Thomas 1986), growth stage (Boufaïed 
et al. 2003), conservation method (Elgersma et al. 
2003), incidence of solar radiation and nitrogen 
(N) fertilisation (Witkowska et al. 2008). However, 
many of the published studies have evaluated 
fatty acid profiles in temperate climate grasses 

with forage samples that did not represent the 
potential grazed stratum. Thus, the aim of this 
study was to evaluate the morphological and fatty 
acid compositions in the vertical strata of elephant 
grass swards (Pennisetum purpureum Schum. cv. 
Pioneiro) subjected to diff erent grazing heights and 
levels of defoliation.

MATERIALS AND METHODS

The experiment was carried out from February to 
June 2011 at Dairy Cattle Farming Sector, Santa 
Catarina State University (UDESC), Lages, SC, 
Brazil (27º48’58” S and 50º19’34” W; and 884 asl) 
on a elephant grass pasture (Pennisetum purpureum 
Schum. cv. Pioneiro) established in 2010 and was 
approved by the Ethics Commitee for Animal 
Experimentation of UDESC (protocol 1.41.11). The 
climate is humid subtropical with cool summers 
and no dry season; the mean annual temperature 
is 15.8°C, and the mean annual precipitation is 
1552 mm. Weather data for the study period are 
presented in Fig. 1 (EPAGRI 2012). 

The experimental design was a randomised 
complete block with a 2 x 2 factorial arrangement 

Figure 1 - Total monthly rainfall during the experimental period and mean monthly temperature from 
1925 to 2011.
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design and three replications. Treatments were 
combinations of two pre-grazing heights (90 or 120 
cm) and two levels of defoliation intensity (50 or 
70% removal of the sward height before grazing). 
Hereafter, the four treatments are designated 90/50, 
90/70, 120/50, and 120/70.

The choice of a pre-grazing height of 90 cm 
was based on data from two other elephant grass 
cultivars, Cameroon and Napier, that also have 
a large leaf mass at heights of 100 and 85 cm, 
respectively (Voltolini et al. 2010, Pereira et al. 
2014). The height of 120 cm was chosen to test 
pasture management that promotes taller sward, 
such as that commonly used by local farmers, 
which generally results in a lower proportion of 
leaves and a higher proportion of stems and dead 
material. The levels of defoliation were chosen to 
compare the FA profile in forage mostly associated 
with higher leaf mass (50%) with the FA profile of 
forage in which animals remove a higher proportion 
of mass (higher grazing efficiency; 70%). 

The total experimental area was approximately 
0.8 ha, and it was divided into three blocks with 
four paddocks of approximately 560 m2 each, in 
addition to an adjacent area of 800 m2 used for 
animal adaptation and rest. Fertilisation with 50 kg 
of N ha-1 (as urea) was applied to the overall area 
before the beginning of the experiment. During the 
experimental period, nitrogen was always applied 
to each paddock after grazing at a rate of 2 kg of 
N/ha/day based on the time needed for regrowth 
between the previous and current cycle. The aim 
of this strategy was to provide a similar amount of 
N for the same regrowth period for all treatments. 

The average pre- and post-grazing heights were 
measured using a “sward stick” (Barthram 1985) in 
a “zig-zag” pattern at 60 randomly selected points 
in each paddock. Sward height was measured from 
ground level to the top of the leaf horizon. The first 
grazing cycle was only used to adapt the sward 
and to intentionally create residues (post-grazing 
heights targets). Therefore sampling was conducted 

during the second and third grazing cycles 
(encompassing two seasons of the year: summer 
and autumn) between February and June 2011. 
Evaluations were performed during the summer/
autumn period as from June to September it is very 
common the occurrence of frosts (the experiment 
was conducted in a subtropical region) that causes 
severe injuries to the aerial part of plants and the 
pastures normally recover only in November/
December. Forage samples were collected in the 
morning, one day before grazing. 

In each pasture, three rectangular quadrats 
of 1 m2 were placed at points that represented 
the average canopy condition of the pasture, and 
each sampling unit was vertically stratified into 
three parts (Table I). After collection, the samples 
were weighed, mixed with the other samples of 
the same stratum and subsampled. Fresh samples 
from each stratum were weighed on a 5-g accuracy 
scale. Three subsamples were separated from each 
stratum – one of the subsamples was used to assess 
the morphological composition, the second was 
used to estimate the herbage mass, and the third 
was used to assess the fatty acid profile and crude 
protein (CP) according to AOAC (2000).

The following morphological components 
were measured: stems (stems and pseudo-stems), 
leaves, and dead material. The samples were 
dried in forced-draught oven at 60°C for 72 h to 
determine the dry weight, proportions of leaves, 
stems and dead material and the fatty acid profile of 

TABLE I 
Portion of the canopy height represented in various strata 

for the four grazing treatments.

Treatment
Sward height (cm)

Stratum 1 Stratum 2 Residue

90/50 90 to 67 67 to 45 45 to ground level

90/70 90 to 59 59 to 27 27 to ground level

120/50 120 to 90 90 to 60 60 to ground level

120/70 120 to 78 78 to 36 36 to ground level
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each component. These data were used to estimate 
the leaf/stem ratio by dividing the proportion of 
leaf by the proportion of stem in each stratum. 

The herbage dry matter content was estimated 
using microwave. The procedure used 100 to 150 
g samples of forage cut into pieces of 3 to 5 cm. 
These were evenly spread over a container, placed 
in the microwave along with a fresh glass of cold 
water (three-quarters full) in order to prevent 
ignition and fire, and dried on full power (high) 
during 3 to 5 minutes intervals. After every drying 
cycle, samples were weighed, turned, and spread 
out again to improve evenness of drying. When the 
sample started to look dry the drying interval was 
reduced to 0.5 to 1 minute. The drying process was 
considered complete when the sample weight did 
not change after two or three consecutive drying 
intervals. The dry matter content of the herbage 
was calculated as the ratio between the dry and the 
fresh weight of samples expressed in percentage. 
The estimated herbage mass values were used 
to calculate the stocking rate necessary to graze 
the pastures down to the desired residue targets. 
The occupation period was calculated to last two 
days based on a total herbage intake of 2.5% body 
weight. Lactating dairy cows (average body weight 
of 550 kg) or dairy heifers (average body weight of 
320 kg) were used to graze down pastures, using 
the mob stocking method (Allen et al. 2011). 

Fresh forage subsamples from strata 1 and 2, 
as well as the leaves, stems and dead material, were 
kept frozen (Arvidsson et al. 2009), and after the 
end of experiment were thawed, dried, and ground 
prior to the analysis of the FA profile. The samples 
from strata 1 and 2, were frozen (Arvidsson et al. 
2009) until lipid extraction. Lipids were extracted 
from 3 g of sample by refluxing for 4 h with 
hexane by using a Soxhlet extraction apparatus 
according to AOAC methods 948.22 and 960.39 
(AOAC 2000). After fat extraction the FA analysis 
was performed using gas chromatography at the 
Department of Chromatographic and Chemical 

Assays located at the Agricultural Research and 
Rural Extension Corporation of the State of Santa 
Catarina (EPAGRI).

A 1.5-mL aliquot of saponification solution 
(0.5 N KOH in methanol) was added to a threaded 
tube and placed in reaction blocks for 1 hour at 
80ºC for digestion. Next, 4.5 mL of acid methanol 
solution (1 M H2SO4) was added, and the tubes 
were again placed in the block for 1 h at 80ºC. 
After esterification, the samples were allowed to 
cool, and 2 mL of n-hexane was added to extract 
the methyl esters from the fatty acids. Following 
agitation of the tubes using a vortex, approximately 
1 mL of the n-hexane phase was transferred to a 
flask suitable for the automatic injector of the gas 
chromatograph.  

The FA profile was determined using a 
Shimadzu 17A gas chromatograph (Shimadzu 
Europe company) equipped with a flame ionisation 
detector and a Supelco SP2340 capillary column 
(60 mm x 0.25 mm x 0.2 µm). The length of the 
column used in this study was sufficient to evaluate 
the main fatty acids in forage (50 mm used by 
Arvidsson et al. 2009 and Witkowska et al. 2008). 
The detector and injector temperatures were 260ºC 
and 140ºC, respectively. The initial temperature of 
the column was held to 120ºC for 5 min, and then 
it was progressively increased by 4ºC min-1 until 
it reached a final temperature of 240ºC, where it 
was held constant for 5 min. The carrier gas (H2) 
showed a linear velocity of 0.17 m second-1, which 
corresponded to the column flow rate of 0.67 mL 
min-1. The injection volume was 1 µL at a split 
ratio of 1:50; both the volume and split ratio were 
adequate for the sample size. The identification of 
the peaks was performed by comparing the retention 
time of the peaks to the standards for the methyl 
esters (Supelco 37 Component FAME Mix, 47885-
U). Only cis fatty acids isomers were identified 
and the proportion of fatty acids was calculated 
by comparing the peak area of the methyl ester of 
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interest to the total area of the identified peaks, and 
the values were presented as a percentage. 

Data were analysed using the MIXED 
procedure (mixed models) of the SAS (Statistical 
Analysis System) software package, version 9.1 
for Windows. The MIXED procedure was chosen 
based on the data collection methods (collected 
sequentially over time), and the covariance matrix 
was chosen using Akaike’s Information Criterion 
(AIC). Grazing cycle was not included in the model, 
as it was considered to be a repeated measurement. 
Following variables were analysed: proportion of 
leaves, stem, dead material and leaf/stem ratio and 
fatty acids proportions. The model included the 
effect of pre-grazing height (90 and 120 cm), levels 
of defoliation (50 and 70% of initial height) and 
grazing stratum (1 and 2). Tukey’s test was used to 
compare the means with a significance level of 5%. 

RESULTS

The highest proportions of leaves available to the 
animals were in stratum 1 of the pasture regardless 
of the treatment. The proportions of leaves and 
stems showed interactions with pre-grazing height, 
the level of defoliation and grazing stratum (Table 
II). The highest proportion of leaves was observed 
in stratum 1 of the 120/70 pastures. Stratum 2 of 
this treatment had the lowest proportion of leaves, 
which resulted in an average (stratum 1 and 2) of 
55% of the leaves being available to the animals 
in the grazing stratum. The proportion of stems 
showed an opposite trend, as the highest values 
were obtained in stratum 2 of the 120/70 and 90/70 
swards. 

Regardless the treatment, the main FAs 
were C18:3, C18:2 and C16:0, which comprised 
approximately 94% of the total fatty acids 
(TFAs) and C18:3 showed the highest proportion 
in pasture (an average of 58%). There was no 
interaction between the sward height and the 
level of defoliation (Table III). The pre-grazing 

heights modified the proportion of some FAs with 
the greatest proportions of C16:0 (19%) found in 
pastures with 120 cm and the greatest proportions 
of C18:3 (58%) found in the 90 cm pastures. 
The largest differences in FA profiles were found 
between strata 1 and 2 (Table III). The higher 
percentages of C18:3 (63%) and crude fat (3%) 
were found in stratum 1 of the pasture, whereas 
higher proportions of C16:0 (20%), C18:1 (2.8%) 
and C18:2 (21%) were found in stratum 2. Although 
the values of C16:0, C18:1 and C18:2 were higher 
in stratum 2, C18:3 remained the predominant FA 
(52%) in this portion.

We found higher proportions of C18:3 in the 
leaves (61%) compared with the stems (18%) 
(Fig. 2). By contrast, higher proportions of C18:2 
and C16:0 were found in the stems (30 and 
39%) compared with the leaves (14 and 17%) 
(Fig. 2). Moreover, no significant differences in 
the proportion of FAs were found between the 
expanding leaves and fully expanded leaves. 

DISCUSSION

The milk and meat from animals with a pasture-
based diet reportedly have a better nutritional quality 
due to increased PUFAs in these products, mainly 
omega-3 and CLA cis-9 trans-11 (Patel et al. 2013). 
This fact is directly associated with the high content 
of PUFA, mainly linolenic acid, in green forage 
(Dewhurst et al. 2006); studies with temperate 
forages have shown that some pasture management 
strategies can increase its concentrations in plants 
(Glasser et al. 2013, Witkowska et al. 2008). 

In the current study, there was no interaction 
between sward height and level of defoliation and 
also there was no defoliation level effect on forage 
fatty acid profile among treatments. The highest 
proportions of C18:3 and total lipids were related 
to the highest proportion of leaves found in stratum 
1 and a pre-grazing height of 90 cm. However, the 
highest proportions of C16:0 and C18:2 were found 
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TABLE II
Pre-grazing proportion (%) of leaves, stems, and dead material and leaf:stem ratios of elephant grass cv. Pioneiro 

subjected to different grazing heights and levels of defoliation.
% Leaves

Height (cm) 90 120 Mean SEMA

LD (%) 50 70 50 70

Strata
1 81.9 ab 81.6 ab 67.0 bc 86.8 a ---

6.04
2 52.7 cd 46.7   d 51.0  d 24.1 e ---

% Stems
Height (cm) 90 120

LD (%) 50 70 50 70

Strata
1 18.1 cd 17.6 cd 32.0 bc 13.2  d ---

5.63
2 42.0  b 45.7  b 43.3   b 75.6  a ---

% Dead Material
Height (cm) LD (%)

90 120 50 70

Strata
1 0.35 c 0.90 bc 0.45 c 0.80 c ---

1.93
2 6.40 a 2.95 ab 5.40 a 3.95 

ab ---

Leaf/stem ratio

Height (cm) 90 120
LD (%) 50 70 50 70

Strata
1 7.5 9.0 2.9 8.2 6.90 a

1.62
2 1.6 1.1 1.3 0.3 1.08 b

ANOVA – P values % Leaves % Stems % Dead material Leaf/stem ratio

Height 0.0019 0.028

0.485
0.004

<0.001
0.021

<0.001
0.672

0.148
0.289

<0.001
0.333
0.076
0.468

Level of defoliation 0.082 0.658

Strata <0.001 <0.001

Height*Strata 0.599 0.087

LD*Strata 0.004 0.001

Height*LD*Strata 0.038 0.008

A Standard Error of the Mean; LD = Level of defoliation.
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TABLE III
 Concentrations of fatty acids (% of observed fatty acids) and total lipids (TL %) in elephant grass cv. Pioneiro subjected 

to different grazing heights and levels of defoliation.

Height LDB Strata % C16:0 % C16:1 % C18:1 % C18:2 % C18:3 TL

90

50
1 15.5 4.2 1.6 15.1 63.5 3.6

2 19.1 3.6 3.1 20.0 53.8 2.5

70
1 15.5 4.1 1.7 14.1 64.7 3.1

2 20 3.8 3.0 21.4 51.7 2.4

120

50
1 20 4.1 1.5 15.4 61.5 3.1

2 17.5 4.4 2.8 20.0 52.6 2.5

70
1 17 4.0 0.9 16.0 62.0 2.6

2 21.5 4.0 2.7 23.0 48.7 1.9

SEMA 0.349 0.128 0.178 0.429 0.779 0.130

Strata
1 17.0 b 4.1 1.4 b 15.2 b 62.9 a 3.1 a

2 19.5 a 4.0 2.9 a 21.1 a 51.7 b 2.3 b

Height
90 cm 17.5 b 3.9 2.4 17.7 58.4 a 2.9

120 cm 19.0 a 4.1 2.0 18.6 56.2 b 2.5

ANOVA – P Values % C16:0 % C16:1 % C18:1 % C18:2 % C18:3 TL
Height 0.004 0.328 0.146 0.138 0.051 0.113
Strata <0.001 0.370 <0.001 <0.001 <0.001 <0.001

Height*Strata 0.665 0.109 0.705 0.819 0.934 0.526
LD*Strata 0.167 0.996 0.763 0.062 0.090 0.651

Height*LD*Strata 0.684 0.407 0.494 0.988 0.797 0.497
A Standard Error of the Mean; B Level of defoliation.

in stratum 2 and in pre-grazing height of 120 cm, 
which had the highest proportion of stems. This 
difference in the fatty acid profile among the strata 
can be explained by the fact that most of the lipids, 
particularly unsaturated fats, are present in the leaf 
chloroplast membrane (Arvidsson 2009). 

In the present experiment, the higher 
proportions of leaves in the elephant grass grazing 
strata provided a higher proportion of C18:3 (Fig. 
3). Elgersma et al. (2005) and Dewhurst et al. 
(2001) also found a positive relationship between 

the proportion of leaves and the proportion of FAs, 
particularly C18:3. Conversely, Elgersma et al. 
(2003) did not report such a relationship between 
the proportion of FAs and the proportion of leaves. 
These authors, who worked with Lolium perenne 
L. in the Netherlands, found that the relationship 
between the proportion of leaves and C18:3 may be 
more important in certain seasons (early summer) 
than other factors, such as light intensity and 
temperature in late summer when the proportion of 
leaves is high. 
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Many of the published studies regarding 
fatty acid profi les in forage were conducted with 
temperate climate plants. However, the good 
relationship between leaf proportion and C18:3 
observed in this study (Fig. 3) shows that grazing 
management strategies that increase pasture 
leaf/stem ratio could provide a better fatty acid 
profi le even in a tall tufted tropical plant such as 
elephant grass. In the current study, the proportion 

of leaves was lower than that found by Santos et 
al. (2003) for the same cultivar (81%) and higher 
than that observed for the dwarf elephant grass 
cultivar (45%) (Crestani et al. 2013). At a similar 
level of defoliation (70%), Botrel et al. (2000) 
reported a lower leaf/stem ratio for the Pioneiro 
and Cameroon cultivars (1.5 and 2.2, respectively) 
than that found in the present study (3.7). There 
was a marked difference in the proportion of 
leaves between the strata in the 120/70 pastures; 
stratum 1 corresponded to the upper 42 cm of the 
canopy (Table I) from which the highest proportion 
of leaves was obtained (Table II). Consequently, 
stratum 2 was notable for a higher proportion of 
stems, and the same trend was observed in the 
90/70 pastures (Table II). Thus, despite the fact 
that stratum 1 of the 90/50 treatment had a lower 
proportion of leaves than the 120/70 paddocks, 
the proportion of leaves available to the animals 
in the grazing stratum of the 90/50 paddocks was 
higher than in the 120/70 treatment (67% vs. 55%, 
respectively). 

The lack of difference (P>0.05) in the FA 
profile among the levels of defoliation can be 
explained by the similar proportion of leaves in 
the grazing strata (average of stratum 1 and 2) of 
the 90/50 and 90/70 (67% and 64%, respectively) 
treatments and the 120/50 and 120/70 treatments 
(59% and 55%). Although the proportions of FAs, 
particularly C18:3, were similar between the levels 
of grazing severity tested, the treatments with 70% 
severity should not be recommended because the 
post-grazing heights of these treatments were not 
eff ectively reached by the grazing animals (Rodolfo 
et al. 2015). This difficulty in grazing down to 
very low stubble heights was also reported in an 
experiment using a similar experimental protocol 
with Pennisetum purpureum cv. Napier (Pereira 
et al. 2014). This outcome was due to a higher 
presence of stems following the 50% reduction of 
the initial pasture height, which resulted in a barrier 

Figure 2 - Fatty acid profi le observed in stems, expanding 
leaves, and fully expanded leaves of Pioneiro elephant grass. 
Within a specific fatty acid, the means for plant parts are 
diff erent (P<0.05) if the letters above the histogram diff er.

Figure 3 - Relationship between the proportion of leaves and 
the concentration of linolenic (C18:3) and linoleic (C18:2) 
acids in elephant grass subjected to intermittent stocking.
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to further defoliation (Zanini et al. 2012, Fonseca 
et al. 2012) and a lower amount of residual leaves.

The synthesis of PUFAs plays an important 
role in the adaptation and survival of plants in cold 
temperatures, as it contributes to the maintenance 
of membrane fluidity in the chloroplast (Uemura et 
al. 1995). Therefore, PUFAs are present in higher 
amounts in plants in temperate climates (Hugly 
and Somerville 1992). In this study, C18:3 was 
the major FA present in the pasture, which varied 
from 48.7 to 64.7% of the observed TFAs, and 
these values were lower than those found in mixed 
temperate forage in Switzerland (59 to 73%) (Wyss 
et al. 2010) and higher than those found in tropical 
pastures in Australia (12.8 to 36.2%) (O’Kelly and 
Reich 1976) and Brazil (20.8 to 45.6%) (Fernandes 
2004). The different proportions of C18:3 found in 
the studies of tropical forage can be explained by 
the methods used for collecting the forage and/or 
by climate differences. In this study, the collection 
of forage varied from 50 to 70% of the pre-grazing 
height, and the plants were grown in a subtropical 
climate with average and minimum temperatures 
ranging from 20 to 10°C and from 14 to -3.4°C 
in January and June, respectively (Fig. 1). In the 
studies conducted in Australia (O’Kelly and Reich 
1976) and Brazil (Fernandes, 2004), the collection 
of forage was performed at an average of 66% of 
the pre-grazing height and the temperatures were 
higher, ranging from 22 to 32°C and from 23 to 
25°C, respectively. One explanation for the higher 
proportions of PUFAs found in the elephant grass 
cv. Pioneiro in locations with lower temperatures 
may be the influence of temperature on the 
activation of the desaturase enzymes responsible 
for inserting double bonds into FAs, a process that 
favours photosynthesis and promotes cold tolerance 
(Routaboul et al. 2012, Iba 2002).

However, the higher PUFAs found in this study 
were related with morphological composition and 
crude protein content of pasture. Comparing with 
NDF and ADF, the crude protein was the predictor 

most closely related with FA content in this study. 
Linear functions of CP were observed with C18:3 
(positive), C18:2 and C16:0 (negative) (Fig. 4). 
Similar results were observed in a meta-analysis 
published by Glasser et al. (2013) but, probably 
because the higher variability of data, the content 
of C18:2 and C18:3 were quadrat functions of CP. 
The presence of a higher proportion of C18:3 in 
pastures with the greatest proportion of leaves (Fig. 
3) and crude protein content (Fig. 4a), i.e., stratum 
1 or pastures grazed at an initial height of 90 cm, 
can be partially explained by the higher proportions 
of this FA in leaves rather than in stems (Fig. 2). 
By contrast, the greatest proportions of C18:2 and 
C16:0 in pastures with the lowest proportions of 
leaves and crude protein (Fig. 4b), as in stratum 2 or 
for a height of 120 cm (Table III), can be explained 
by the higher proportions of C18:2 and C16:0 in 
stems rather than in leaves (Fig. 2). The same trend 
was observed by Vlaeminck et al. (2010) in studies 
with Lolium perenne L. managed under a rotational 
system where the proportion of C18:2 increased 
linearly, whereas C18:3 declined throughout the 
4-day of grazing and was accompanied by an 
increase in the amount of stems (Vlaeminck et al. 
2010). Thus, the higher proportions of leaves in the 
pasture, regardless of their stage of development, 
resulted in higher percentages of C18:3. 

In conclusion, the 90/50 grazing stratum 
treatment appears to be the most appropriate 
if the goal is to provide pasture with the highest 
proportion of linolenic acid for grazing animals. 
Differences in linolenic acid proportions between 
strata suggest that some grazing management 
strategies, such as first-last stocking, could provide 
even higher amounts of this fatty acid to lactating 
cows. The management techniques used in this 
study provided a higher proportion of fat and C18:3 
compared with other techniques used for the same 
species and other tropical forages. 
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Alimentação Animal of Universidade do Estado de 
Santa Catarina (UDESC) for granting access to the 
site and the animals used for the experiment.
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