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ABSTRACT - This study aimed to evaluate the milk fatty acid (FA) composition of 
unsupplemented dairy cows grazing on elephantgrass (Pennisetum purpureum Schum. 
cv. Pioneiro) pastures under three grazing management strategies: pre-grazing height 
of 120 cm with defoliation intensities of 50 and 70% of the initial height (treatments 
120/50 and 120/70) and pre-grazing height of 90 cm with defoliation intensity of 70% 
(treatment 90/70). Treatments were repeated three times in a complete randomized 
block design. Tester animals were six multiparous Holsteins cows grouped into pairs 
according to days in milk and milk yield and allocated to blocks. Individual milk samples 
were collected after the first and second days of grazing (two-day occupation period) 
and analyzed for FA composition. Milk fat from 120/50 and 90/70 treatments resulted 
in higher concentrations of C4:0, C6:0, C17:0 anteiso, rumenic acid (RA), vacenic acid 
(VA), trans-12 C18:1, trans-13/14 C18:1, cis-11 C18:1, cis-12 C18:1, cis-9, trans-12 
C18:2, trans-11, cis-15 C18:2, and total polyunsaturated fatty acids. Additionally, both 
SCD14 (cis-9 14:1/14:0 + cis-9 14:1) and SCDRA (RA/VA + RA) desaturase indices were 
reduced in milk fat from cows subjected to 120/50 and 90/70 treatments. On average, 
the milk fat levels of RA and VA observed in our study were greater than those reported in 
most studies with tropical grass-based diets and similar to levels usually found in cows 
grazing on temperate pastures. Overall, our results showed that milk with a desirable 
fatty acid composition is produced by cows grazing on a tropical grass (elephantgrass 
cv. Pioneiro), with the combination of a pre-grazing height of 120 cm and a defoliation 
intensity of 50% of the initial height, being a practical management strategy to achieve 
this goal.
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Introduction

Over the last 40 years, the medical community and public health agencies have recommended a limited 
consumption of animal fats based on the purported association of saturated fat intake with an increased 
risk of cardiovascular diseases (Givens and Shingfield, 2004; Kliem and Givens, 2011). As ruminant 
milk fat is the major dietary source of saturated fatty acids (FA) in most of developed countries (Kliem 
and Shingfield, 2016), this recommendation has been translated into an avoidance of full-fat dairy 
products as a means of reducing saturated fat intake. However, recent studies have indicated that dairy 
fat intake does not increase the risk of cardiovascular diseases and is associated with a lower risk of 
obesity and type 2 diabetes (Kratz et al., 2013; Mozaffarian, 2014). Moreover, ruminant milk fat has 
been shown to be a natural source of a number of potentially beneficial FA (Kratz et al., 2013).
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Studies have shown the possibility of enriching the milk fat through dietary manipulation (Dewhurst 
et al., 2006). Rumenic acid (RA) is the main isomer of conjugated linoleic acid (CLA) in milk and is 
formed during the incomplete ruminal biohydrogenation of cis-9, cis-12 C18:2 (Linoleic acid: LA) or, 
to a greater extent, by stearoyl-CoA desaturase (∆9-desaturase) activity from VA in mammary gland 
(Bauman et al., 2003). The major FA found in fresh forages are linolenic acid (LNA), LA, and C16:0, with 
LNA being the most abundant FA (50-75% of total FA) in most grasses (Bauchart et al., 1984; Elgersma, 
2015). As LNA is the major VA precursor in forage-based diets, the use of fresh forage as the main feed 
source increases the concentration of beneficial milk FA (Palladino et al., 2009; Kratz et al., 2013).

It is well known that including tropical forage species (Souza, 2014; Macedo, 2012) can beneficially 
affect the milk FA composition. However, the effect of grazing management strategies of tropical pastures 
on milk FA composition of cows not receiving supplementation is unknown. Grazing management 
strategies could be an important tool to increase the beneficial FA in milk, because they modulate 
forage chemical composition and FA concentrations. Dias et al. (2017) reported higher proportions of 
desirable FA when pastures are managed to create leafier structures. Thus, the objective of our study 
was to evaluate the milk FA composition of unsupplemented cows grazing on elephantgrass pastures.

Material and Methods

All procedures involving animal care were conducted in accordance with the Institutional Animal Care 
and Use Committee guidelines and approved under case no. 01.19.14. The experiment was conducted 
in Lages, Santa Catarina, Brazil (27°47ʹ S, 50°18ʹ W, 913 m altitude), between January and June 2011. 
The experimental area was a 0.8-ha elephantgrass (Pennisetum purpureum Schum. cv Pioneiro) 
pasture, divided into three blocks containing three plots of 650 m2 each plus an adjacent area for animal 
adaptation. Pastures received a total of 200 kg N ha−1 during the experimental period.

The treatments were the combination of grazing heights: 90/70, 120/70, and 120/50, in which 90 and 
120 cm were the pre-grazing heights, and 50 and 70 corresponded to the proportion (%) of removal of 
initial canopy height (defoliation intensity). The choice of a pre-grazing height of 90 cm was based on 
data from two other elephantgrass cultivars, Cameroon and Napier, which also have large leaf masses 
at heights of 100 and 85 cm (Voltolini et al., 2010; Pereira et al., 2014). The 120 cm height was chosen 
to test management strategies that promote taller canopies with higher dry matter production, which 
generally results in stemmy structures. The defoliation intensities were chosen to compare the milk FA 
contents from cows grazing pastures with lower herbage mass but greater leaf proportion (50%) with 
cows allowed to graze pastures with greater herbage mass but lower leaf proportion (higher grazing 
efficiency; 70%). The average pre- and post-grazing heights were measured using a ruler in a “zig-zag” 
pattern at 60 randomly selected points in each plot. Canopy height was measured from ground level to 
the top of the leaf horizon.

Six multiparous Holsteins cows in late lactation were divided into three homogeneous groups, 
according to days in milk and milk yield. Each pair of cows was fixed allocated to one block. Cows 
were milked twice-daily at approximately 08.00 h (morning milking) and 18.00 h (afternoon milking). 
Individual milk samples (pooled morning and afternoon milking) were collected during two 
consecutive days after 24 h grazing. Stocking rate was adjusted by put-and-take (Allen et al., 2011), 
allocating nonlactating cows besides the fixed pair of cows to ensure that grazing depletion targets 
were reached within two days. On the first day, animals were allocated to plots after morning milking 
and then moved out to the adaptation area following the afternoon milking on the second day, when the 
plots achieved the post-grazing height target. Mineral salt was provided ad libitum, but no concentrate 
feeds were provided throughout the study.

Milk samples were thawed at room temperature, and a volume of 1 mL was used for lipid extraction 
using a mixture of diethyl ether and hexane according to a reference procedure (method 989.05; AOAC, 
1990). The organic phase containing the milk fat (~20 mg) was evaporated to dryness at 40 °C under 
oxygen-free nitrogen. Fatty acid methyl esters (FAME) were obtained by base-catalyzed transmethylation 
using a freshly prepared solution of sodium methoxide as described in detail elsewhere (Baldin et al., 
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2013). The FAME were quantified by a gas chromatograph (model 7820-A, Agilent Technologies) 
fitted with a flame-ionization detector and equipped with a CP-Sil 88 fused-silica capillary column 
(100 m × 0.25 mm × 0.2 μm film thickness; Varian Inc.). Operating conditions were performed as 
described by Cruz-Hernandez et al. (2007). The FAME were identified by comparing retention times 
with commercial FAME standards, and minor trans/cis-C18:1 isomers were identified according to 
their order of elution as reported under the same GC conditions (Cruz-Hernandez et al., 2007). Milk 
FA composition was expressed as a weight percentage of total FA using theoretical relative response 
factors (Wolff et al., 1995). Stearoyl-CoA desaturase (SCD) indices were calculated for four pairs of FA 
by expressing each product as a proportion of the precursor plus product (i.e. SCD14 = cis-9 14:1/14:0 + 
cis-9 14:1; SCD16 = cis-9 16:1/16:0 + cis-9 16:1; SCD18 = cis-9 18:1/18:0 + cis-9 18:1; and SCDRA= RA/VA + RA) 
(Kelsey et al., 2003). 

Data were analyzed using the MIXED procedure (mixed models) of SAS (Statistical Analysis System, 
version 9.1 for Windows), according to the following model:

Yij = μ + Ti + Bj + eij,

in which Yij is the dependent variable, μ is the overall mean, Ti is the effect of the i-th treatment, Bj 
is the effect of the j-th block, and eij is the residual error assumed ij. Animal effect was not included 
in the model, since the plot was the experimental unit. Grazing cycle was considered as a repeated 
measurement, since it was not the main objective to detect possible variations over time. Covariance 
matrix was chosen using Akaike’s Information Criterion (AIC). Tukey’s test was used to compare the 
means with a significance level of 5%.

Results

Milk FA composition was affected by grazing management strategies (Table 1). In general, the 
concentrations of most milk FA from the 120/50 treatment were similar to those observed in the 90/70 
treatment, while both treatments differed from 120/70 treatment for a number of FA. Specifically, 
milk fat from cows in the 120/50 and 90/70 treatments had higher concentrations of 4:0, 6:0, 17:0 
anteiso, VA, trans-12 C18:1, trans-13+14 18:1, cis-11 C18:1, cis-12 18:1, cis-9, trans-12 18:2, trans-11, 
cis-15 18:2, RA, and ΣPUFA and lower concentrations of trans-C18:1 isomers with double bounds at 
carbon ≤10, cis-9 12:1, cis-9 14:1, 17:0, 17:0 iso, 20:0, cis-9 20:1, 20:3 n-6, 20:4 n-6, 24:0, SCD14, and 
SCDRA than milk fat from cows in the 120/70 treatment.

Table 1 - Effects of different grazing management strategies on milk fatty acid (FA) composition (g/100 g of total 
FA) in cows grazing on elephantgrass cultivar Pioneiro (Pennisetum purpureum Schum.)

Fatty acid
Treatment1

SE
120/50 120/70 90/70

Selected individual FA
4:0 2.82a 2.03b 2.87a 0.051
6:0 1.48a 1.35b 1.50a 0.033
8:0 0.74 0.76 0.76 0.026
10:0 1.43 1.58 1.47 0.066
12:0 1.67 1.93 1.71 0.075
cis-9 12:1 0.04b 0.06a 0.04b 0.002
13:0 0.07 0.07 0.07 0.005
14:0 7.41 8.21 7.57 0.225
cis-9 14:1 0.81b 1.11a 0.76b 0.050
15:0 1.59a 1.39b 1.49ab 0.046
15:0 iso 0.44 0.46 0.41 0.020
15:0 anteiso 0.79ab 0.84a 0.74b 0.023
16:0 24.4b 26.1a 25.9ab 0.362
16:0 iso 0.36a 0.39a 0.33b 0.010
cis-9 16:1 1.63 1.70 1.56 0.070
17:0 0.63b 0.82a 0.61b 0.018

Continues...
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Fatty acid
Treatment1

SE
120/50 120/70 90/70

Selected individual FA
cis-9 17:1 0.35 0.38 0.33 0.013
17:0 iso 0.45b 0.55a 0.44b 0.013
17:0 anteiso 0.71a 0.52b 0.69a 0.026
18:0 11.1 10.6 11.0 0.256
trans-4 18:1 0.003b 0.011a 0.001b 0.001
trans-6+7+8 18:1 0.18b 0.28a 0.19b 0.013
trans-9 18:1 0.21b 0.24a 0.20b 0.007
trans-10 18:1 0.18b 0.27a 0.17b 0.010
trans-11 18:1 3.90a 2.86b 3.84a 0.102
trans-12 18:1 0.40a 0.20b 0.37a 0.011
trans-13+14 18:1 0.39a 0.25b 0.37a 0.015
cis-9+trans-15 18:1 25.1 25.2 24.8 0.670
cis-11 18:1 1.27a 0.45b 1.25a 0.055
cis-12 18:1 0.25a 0.08b 0.24a 0.012
cis-13 18:1 0.07 0.06 0.06 0.005
trans-16 18:1 0.27 0.24 0.25 0.010
cis-9, trans-12 18:2 0.10a 0.06b 0.09a 0.004
trans-11, cis-15 18:22 0.46a 0.32b 0.44a 0.021
18:2 n-6 1.13 1.19 1.17 0.037
18:3 n-6 0.008 0.007 0.011 0.001
18:3 n-3 (LNA) 0.43 0.44 0.41 0.012
cis-9, trans-11 CLA 2.18a 1.84b 2.07a 0.061
20:0 0.12b 0.19a 0.12b 0.006
cis-9 20:1 0.13b 0.17a 0.12b 0.010
cis-11 20:1 0.04 0.07 0.05 0.006
20:2 n-6 0.05 0.05 0.04 0.004
20:3 n-6 0.04b 0.09a 0.04b 0.003
20:4 n-6 0.09b 0.17a 0.10b 0.007
20:5 n-3 0.05 0.04 0.05 0.004
22:0 0.08 0.08 0.07 0.006
23:0 0.04 0.03 0.03 0.005
24:0 0.04b 0.07a 0.03b 0.005
Σ unidentified 3.58 3.81 3.59 0.128

Summation by saturation
ΣSFA3 56.3 58.0 57.0 0.627
ΣMUFA4 35.2 33.7 34.6 0.670
ΣPUFA5 4.66a 4.22b 4.54a 0.083

ΣOBCFA6 5.41 5.44 5.13 0.106
SFA:UFA ratio 1.42 1.54 1.47 0.083
n-6:n-3 ratio7 2.78 3.07 3.03 0.177
SCD index8

SCD14 0.09b 0.12a 0.09b 0.014
SCD16 0.06 0.06 0.06 0.006
SCD18 0.69 0.70 0.69 0.014

SCDRA 0.36b 0.39a 0.35b 0.018

1 90/70, 120/50, and 120/70: pre-grazing heights (90 or 120 cm) and grazing levels (50 or 70%) based on pre-grazing heights. Only milk 
samples from the second grazing cycle were collected in 120/70 treatments, as there was not a 3rd grazing cycle for this treatment.

2 Co-eluted with trans-9, cis-12 C18:2.
3 Saturated FA.
4 Monounsaturated FA.
5 Polyunsaturated FA.
6 Sum of odd- and branched-chain FA.
7 Calculated as (18:2 n-6 + 18:3 n-6 + 20:2 n-6 + 20:3 n-6 + 20:4 n-6)/(C18:3 n-3 + C20:5 n-3).
8 Calculated according to Kelsey et al. (2003).
a,b,c - Indicate significant differences within a row (P<0.05).

Table 1 (Continued)
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Discussion
Regardless of treatments, the highlight of the milk FA results of our study was the high VA and RA 
content. These results were unexpected, because cows were not receiving supplements and were 
grazing on a tropical pasture, which usually has smaller LNA content than temperate pastures. The LNA 
is the major VA precursor, which is used to synthesize RA from ∆9-desaturase activity in mammary 
gland. The milk fat concentrations of RA and VA observed in our study were, respectively, around 2.0 
and 3.5 g/100 g of total FA (Table 1). As shown in previous studies, more than 91% of RA secreted in 
milk from cows fed fresh pasture is derived from endogenous synthesis from VA escaping the rumen 
(Kay et al., 2004), which is consistent with the close association between the milk fat concentrations of 
VA and RA observed in our study. The milk RA and VA contents observed in our study were, respectively, 
57 and 69% higher than in milk from cows fed a total mixed ration composed of chopped elephantgrass 
plus concentrate (Lopes et al., 2009); 176-243 and 55-212% higher than in milk from cows grazing on 
elephantgrass cultivar Cameron and fed concentrates containing or not lipid supplements (soybean oil, 
palm oil, or Megalag-E®) (Souza, 2014; Macedo, 2012); and 99 and 88% higher than in milk from cows 
grazing on Brachiaria brizantha or Panicum maximum supplemented with two levels of concentrate 
(Lopes et al., 2011). Overall, the RA and VA contents found in the present study were similar or 
even superior to those reported in milk fat from cows feeding fresh or conserved temperate grasses 
(Schwendel et al., 2015; Mendoza et al., 2016). Likewise, the average milk fat CLA content observed in 
our study was generally higher than those reported in milk from cows fed plant oil supplements and 
similar to those found in milk from cows fed fish oil (Kliem and Shingfield, 2016). 

The increased milk fat VA and RA contents observed in cows from the 120/50 and 90/70 treatments 
were probably the result of greater forage LNA intake, since forage potentially consumed in those 
treatments had a higher proportion of leaves (Dias et al., 2017; Schmitt et al., 2019). No treatment 
differences in milk fat RA concentrations were observed in previous studies in which cows grazed on 
high-quality pasture. For instance, no differences in milk fat RA content were found by Palladino et al. 
(2009) when they evaluated the effects of herbage mass (2400 or 1700 kg DM/ha) and daily herbage 
allowance (20 or 16 kg DM/d/cow) of ryegrass pasture on milk FA composition of dairy cows. Even 
when pasture allowances were 20 or 70 kg DM/d/cow (Wales et al., 1999) and 25 or 50 kg DM/d/cow 
(Stockdale et al., 2003), no differences in milk fat RA concentrations were found (1.4 and 1.05 g/100 g 
FA, respectively).

Regarding milk fat cis-9 C18:1 (also known as oleic acid), another important bioactive FA found in 
milk fat, the levels observed in our study (~25 g/100g total FA) were higher than values of Mendoza 
et al. (2016) (19-21.1 g/100 g total FA) and Lerch et al. (2012) (18.2-23.6 g/100 g total FA). Most cis-9 
C18:1 secreted in milk is derived either from endogenous synthesis by Stearoyl-CoA enzyme 1 (SCD-1, 
also called ∆-9 desaturase) from C18:0 formed during rumen biohydrogenation of dietary PUFA or 
from blood plasma non-esterified FA released during periods of negative energy balance (Palmquist, 
2006). The main biological role of ∆9-desaturase in the mammary gland is to maintain fluidity of milk 
by conversion of C18:0 to cis-9 C18:1, although this enzyme is also responsible for the synthesis of other 
milk UFA such as cis-9 C14:1, cis-9 C16:1, and RA (Garnsworthy et al., 2010). Mammary synthesis via ∆-9 
desaturase action from C18:0 derived from rumen biohydrogenation of forage PUFA (especially C18:3 
n-3) was probably the main source of milk fat cis-9 C18:1 in the present study. However, as the body 
condition score of the animals was reduced throughout the experimental period (visual observation; no 
data recording), it is reasonable to assume that body fat mobilization may have contributed to increase 
the milk fat cis-9 C18:1 content in the present study.

The concentrations of odd- and branched-chain FA (OBCFA) in milk fat manly reflect rumen function. 
These FA originate from the membrane lipids of ruminal bacterial populations, especially cellulolytic 
bacteria (Dewhurst et al., 2006). Patel et al. (2013) observed increases in C15:0, C15:0 iso, C17:0, and 
the total OBCFA contents in milk fat when cows were fed larger proportions of grass silage in their diets. 
The same authors also found that the concentration of total OBCFA in milk was positively correlated 
with the dietary content of neutral detergent fiber. In our study, we observed no differences in total 
OBCFA contents between treatments. Moreover, the OBCFA contents observed in our study were higher 
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than those of other previously published investigations (Vlaeminck et al., 2006), which was probably 
related to the lower fiber content of the temperate forages used in most studies.

Conclusions

Cows grazing on a tropical grass (elephantgrass cv. Pioneiro) produce milk with a desirable fatty acid 
composition, with the combination of a pre-grazing height of 120 cm and a defoliation intensity of 
50% of the initial height, being a practical grazing management strategy to achieve this goal.
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