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Abstract

The main objective of the present research was to study the change in fatty acid (FA) composition
of milk fat in a Carpathian local breed during grazing on two plots characterized by a different cover with
herbaceous species and woody (only herbaceous species: H and high woody species cover: W)
allowances with or without concentrate supplementation (Cs: 500 g concentrate/head/d). Thus, four
treatments resulted: H-U: only herbaceous species-unsupplemented, H-Cs: only herbaceous species-
concentrate supplementation, W-U: high woody species-unsupplemented, W-Cs: high woody species-
concentrate supplementation. Individual milk production (n = 10) was recorded daily, and milk samples
were collected weekly for a seven-week period (June to August) and analysed for fat, protein, lactose,
urea-N, and FAs. Milk production was not influenced by the type of pasture. The daily production of milk,
3.5% fat-corrected milk, and protein level increased and the content of fat and urea-N reduced with
concentrate supplementation, whereas the content of lactose was similar. The botanical composition of
pasture markedly influenced the FA profile of goat milk fat. The goats grazing in scrubland (W group)
produced milk fat with higher concentrations of monounsaturated FA (C18:1 t11, vaccenic acid, VA) and
polyunsaturated FA (omega 3 and conjugated linoleic acid, CLA) and lower concentrations of
hypercholesterolaemic FA (HFA; C12:0 + C14:0 + C16:0). Regardless of the botanical composition of the
pasture, milk fat of unsupplemented grazed goats had the lowest proportion of HFA, as well as the
highest proportions of C18:1 c9, VA, RA (rumenic acid, C18:2 c9,t11), and total n-3 FA compared to the
Cs groups (supplemented with concentrate). Concentrate supplementation increased short-chain FA and
saturated FA content. In contrast, percentages of the nutritionally desirable FA (C18:3 c9, c12, c15; C18:2
c9, t11, C18:1 t11; C20:5n-3; C22:5n-3, and total n-3 FA) were substantially lower, whereas levels of total
n-6 FA, n-6:n-3 ratio, atherogenicity index (Al), and thrombogenicity index (TI) were substantially higher in
milk from Cs groups. No interactions occurred between pasture type and concentrate supplementation for
milk FA composition. It is concluded that the milk from goats kept unsupplemented on the natural pasture
were better in terms of nutraceutical parameters advantageous to human nutrition than the milk produced
by concentrate supplementation.
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Introduction

Goat milk and dairy products are considered good sources of high-quality nutrients, particularly
proteins and fats. The research on milk fat is oriented to the improvement of its nutritional value, with
particular attention paid to increasing the content of FAs considered beneficial to human health,
especially rumenic acid [RA; C18:2 c9, t11; also named c9, tll-conjugated linoleic acid (c9,t11CLA)],
vaccenic acid (VA; C18:1 t11), and a-linolenic acid (ALA; C18:3 c9, c12, c15), and to enhancing the n-
6:n-3 ratio, considering that a more balanced dietary intake of n-6 relative to n-3 is desired for optimal
human health (Nuda et al., 2020).

Numerous studies have shown that modification of the basal diet of animals, especially by lipid
supplementation, is the most appropriate procedure for changing the fatty acid profile in goats milk
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(Chilliard et al., 2003). However, the use of these supplements can increase feeding costs. Forages, even
though containing a relatively low level of lipids, are often the major source of beneficial unsaturated fatty
acids in ruminant diets. Fresh grass contains low levels of lipid extract but 45-75% of C18:3 c9, c12, c15
(Cabiddu et al., 2005). In literature, it has been recognised that favourable changes in milk FA profile can
be obtained by grazing or feeding fresh forages. Results of many studies indicate that milk produced from
grassland, particularly from botanically diverse pastures, has higher concentrations of fatty acids which
are considered to be a benefit to human health (Chilliard et al., 2007; Moloney et al., 2008). Feeding fresh
grass (rich in a-linolenic acid) compared to concentrates (rich in linoleic acid) results in higher
concentrations of omega-3 FA and CLA in goat milk (Moloney et al., 2008). Linoleic and linolenic acid in
feed are the precursors of CLA in milk.

The goats are capable of utilizing natural pastures that are often dominated by shrubs, selecting
foliage from the upper vegetation layer (Fedele et al., 2002). Furthermore, goats can consume tannin-rich
resources and digest them more efficiently than other domestic animals (Decandia et al., 2007a). Goat
grazing on scrub vegetation can be used as an effective tool for the control of shrubs in protected forest
areas, without losing biodiversity (Mancilla-Leytén et al., 2014).

Although previous studies have assessed the impact of pastures with different botanical
composition on milk production and composition, there are still only a limited number of studies on how
grazing of pastures high in shrublands affect the fat composition of the milk of dairy goats (Decandia et
al., 2007b). In addition, the influence of dominant species in the botanical composition of the pastures
high in shrublands in the submountain geographical areas (e.g., Rubinia pseudoacacia L., Carpenus
betulus L., Fagus sylvatica L.) have been less studied.

The natural pastures don’t always support adequate production in goats, and in this case, the use
of supplements in the form of concentrates is necessary. The supplementation of the diet with
concentrates can influence the FA composition of milk, productive performance, eating behaviour, and
ruminal activity of grazing goats (Bonanno et al., 2008).

In this context, the main objective of the present study was to study the change in FA composition
of milk fat from dairy goats during grazing on two plots characterized by a different cover with herbaceous
species and woody (only herbaceous species: H and high woody species cover: W) allowances with or
without concentrate supplementation (i.e., 0 versus 500 g concentrate/goat/day).

Materials and Methods

The research was carried in the submountain area of western Carpathian Mountains (north-
western Romania, 46°37'42.6" N 22923'34.1" E, 960 m above sea level, total annual rainfall 718 mm;
mean annual temperature 9.1 °C). All the experimental procedures were approved by the Committee of
Bioethics in Scientific Research of the University of Oradea (Romania) and were in accordance with the
EU Directive 2010/63/EU on the protection of animals used for scientific purposes. Goat breeding in
Romania is based on native breeds, which are well adapted to submountain and mountainous regions
with large areas of pastures, and prevalent breed is Carpathian (over 80% of the goats in Romania
belong to this breed). Goats of this breed produce 200-250 kg of milk, with the average fat content
ranging between 2.7 and 4%, with 3-4% protein.

A representative flock of 360 Carpathian, local breed, adult female goats was divided into two
equal herds and randomly allocated to two plots characterised by a different cover with herbaceous
species and woody species (only herbaceous species - H and high woody species cover — W). The most
common herbaceous species in the H pasture (without wood species) (approximately 12.0 ha) were
Agrostis capillaris, Dactylis glomerata, and Trifolium repens. The rangeland (W) was approximately 14.0
ha, with the following vegetation types (% of land area): shrubland species (70%) and herbaceous
species (30%). Dominating shrublands species were Rubinia pseudoacacia, Carpenus betulus, and
Fagus sylvatica and most common herbaceous were A. capillaris, D. glomerata, and T. repens.

Using twenty adult goats from each herd, selected by age (2—-3 years), productive stage (13 £+ 2 w
of lactation) and similar body characteristics (38.2 £ 2.9 kg at the beginning of the experiment), milk yield
was determined and milk was sampled for composition analyses. Ten goats from each herd received a
supplement of 500 g concentrate/head/d. The concentrate was fed twice daily during milking. Thus, four
treatments resulted from the combination of two pasture types (H: only herbaceous species and W: high
woody species) and two concentrate supplementation levels (i.e., 0 versus 500 g concentrate/goat/day):
H-U: only herbaceous species-unsupplemented, H-Cs: only herbaceous species-concentrate
supplementation, W-U: high woody species-unsupplemented, W-Cs: high woody species-concentrate
supplementation.

The experiment was conducted for ten weeks, from early June to mid-August, 2019. The first three
weeks were used as a covariate period (week 1) and adaptation to dietary treatments (weeks 2 and 3).
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The grazing system was traditionally extensive and shepherd-led and the grazing route of the flock
was planned in consideration of forage availability. The goats returned to their stalls after grazing and
were housed at night.

Botanical composition was determined on forage samples taken randomly by quadratic frame (0.25
x 0.25 m?) by manual separation of plant species. Botanical composition was calculated by dividing
individual species weight by the total weight collected (wet basis) (Mierlita et al., 2017).

Data on herbages and concentrates offered to the animals were recorded each month (n = 3).
Hand plucked forage samples similar to those consumed by the goats were collected for chemical
analysis (Decandia et al., 2007a). These samples were freeze-dried using Thermovac TM-20 (Froilabo,
Ozoir-La-Ferriére, France) and analysed for crude protein (CP) and ether extract (EE) according to
Association of Official Agricultural Chemists (AOAC, 1996), and for neutral detergent fiber (NDF)
according to Van Soest et al. (1991). The results were referred on a dry matter basis (DM). The FA
composition (after total lipid extraction and methylation, as described by Sukhija & Palmquist, 1988) of
these samples were also measured using the same methods as for the milk.

Milk yield of individual goats was recorded daily (from two subsequent milkings). The goats were
milked manually twice daily at 08:00 and 16:00 h. Samples of milk (100 ml) were collected from each goat
from two subsequent milkings. Each sample of individual milk was obtained weekly by pooling 60% of the
morning milk with 40% of the evening milk, based on the morning and evening milk yield. The composite
sample for each goat was divided into two sets of milk sub-samples. A tablet of Bronopol (2-bromo-2-
nitropropane-1,3-diol; D&F Inc., USA) was added to the first set of sub-samples (50 ml), which were
analysed for fat, protein, lactose, and urea content with an infrared milk analyser (Milk Analyser System
4000, Foss Electric, Hillerod, Denmark). A second set of milk sub-samples (50 ml) was stored at —20 °C
for the extraction of fat and further analysis of fatty acid composition.

To determine the composition of FAs in milk, the fat was extracted according to the international
standard, ISO 14156/IDF 172:2001. Fatty acid methyl esters (FAME) were prepared according to the
method proposed by Christie (1989). FAME were determined by gas chromatography using a Varian GC
3600 equipped with FID and a fused silica capillary column (SP 2560 Supelco); 100 m x 0.25 mm id; film
thickness, 0.20 um. Helium was used as the carrier gas at a flow rate of 1 mL/min. The split ratio was
1:100. The oven temperature was programmed at 90 °C and held for 1.50 min, then increased to 210 °C at
a rate of 9 °C/min, held at this temperature for 25 min, then increased to 230 °C at 15 °C/min, and held for
7 min. The temperatures of the injector and the detector were set at 270 °C (Mierlita, 2016). Peaks were
identified on the basis of the retention times of standard methyl esters of individual fatty acids (Sigma, St.
Louis, MO). The proportions of the individual acids were calculated by the ratio of their peak area to the
total area of all observed fatty acids.

The Al (atherogenic index), TI (thrombogenic index), h/H (hypocholesterolaemic/
hypercholesterolemic), and HPI (health promoting index) were calculated from the FA profile using the
following equations:

_ (€12:0+4C14:0+C16:0
Y MUFA+Y n6+y, n3

Al (Ulbricht & Southgate, 1991)

TI = — OO0 (Ulbricht & Southgate, 1991)

0.5 MUFA+0.5) n6+3m

_ C18:14+C18:2+C18:3+C20:4+C20:5+C22:5
- €12:0+C14:0+C16:0

h/H

(Fernandez et al., 2007)

__ YMUFA+¥Yn6+Yn3
T €12:044C14:0+C16:0

HPI (Chen et al., 2004)

where: C12:0, C14:0, C16:0, and C18:0 are lauric, myristic, palmitic, and stearic saturated FAs; C18:1,
C18:2, C18:3 C20:4, C20:5, and C22:5 are oleic, linoleic, a-linolenic, arachidic, eicosapentaenoic
(EPA), and docosapentaenoic (DPA) unsaturated FAs; n3 FAs acids are a-linolenic acid, EPA
and DPA; and n6 FAs include linoleic, linolelaidic and arachidonic acids

Data obtained were analysed as a 2 x 2 factorial randomized block design using the PROC MIXED
model of SAS (2001). Fixed effects were the pasture type, concentrate supplementation, and interactions
between fixed effects, the time, and an appropriate covariate. Random effects of goats were used as the
error term. Variance—covariance structure was first autoregressive [AR(1)] (autoregressive model of order
1). For FA proportions in milk fat, analysis was performed without a covariate. Overall differences
between treatment means and interactions for pasture type and concentrate supplementation were
considered to be significant at P <0.05.
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Results and Discussion

The botanical composition of the pastures is shown in Table 1. The most common species in the H
pasture (approximately 12.0 ha) in terms of occurrence were (% of total weight collected, wet basis): A.
capillaris (37.8), D. glomerata (21.2), T. repens (8.6), Phleum pratense (12.3), Poa pratensis (6.4),
Festuca rubra (5.0), and other grasses (8.7). The rangeland (W) was approximately 14.0 ha, with the
following vegetation types (% of land area): shrubland species (70) and herbaceous species (30) (Table
1). Dominating species were black locust (R. pseudoacacia L.), hornbeam (C. betulus L.), European
beech (F. sylvatica L.) and common bent (A. capillaris L.). The concentrate contained the following
ingredients (g/kg): maize (800), sunflower meal (150), and minerals and vitamins (50).

Table 1 Botanical composition of the pastures

High woody species (W)

Only herbaceous species (H)

Shrublands species = 70% Herbaceous species = 30%
Agrostis capillaris - 37.8 % Rubinia pseudoacacia (black locust) Agrostis capillaris - 30.8 %
Dactylis glomerata - 21.2 % Carpenus betulus (hornbeam) Dactylis glomerata - 16.2 %
Phleum pratense - 12.3 % Fagus sylvatica (European beech) Trifolium repens - 11.8 %
Trifolium repens - 8.6 % Quercus frainetto (flasks) Poa pratensis - 10.6 %
Poa pratensis - 6.4 % Prunus spinosa (blackthorn) Phleum pratense - 7.8 %
Festuca rubra - 5.0 % Rosa canina (dog rose) other species” - 22.8%

other species” - 8.7%

“Campanula rotundifolia, Taraxacum officinale, Capsella bursa-pastoris, Silene alba, Plantago lanceolata, Centaurea
jacea, Rumex acetosa

The chemical and FA compositions of the pasture, woody species and concentrates are given in
Table 2. Pasture was of medium quality, averaging (DM basis) 14.7-15.5% CP and 51.3-52.8% NDF. In
herd H, the pasture presented a higher CP content and lower NDF content than for herd W. Crude protein
was higher when goat’s diets included shrub rangeland, particularly R. pseudoacacia, C. betulus, and F.
sylvatica.

Table 2 Chemical composition and major fatty acids of pasture, woody species, and concentrate mixture
fed to goats!

Chemical composition, g/100 g DM Fatty acids major, g/100 g FA
C18:2c9 C18:3c9
DM, g/kg CP EE NDF C16:0 12 c12 c15
Herd H?
- pasture 239.5 15.5 2.9 51.3 17.63 20.78 41.28
Herd W3
- pasture 266.2 14.7 3.0 52.8 16.48 24.70 4451
- woody species:
Rubinia pseudoacacia 407.2 221 3.4 48.9 19.15 18.74 51.35
Carpenus betulus 383.6 21.4 3.1 57.2 16.72 22.61 47.15
Fagus sylvatica 335.1 19.8 2.7 53.7 20.18 23.86 44.54
Quercus frainetto 370.4 12.2 2.2 48.1 22.43 18.78 42.51
Prunus spinosa 308.5 16.2 4.8 34.6 15.38 21.42 45.69
Rosa canina 487.2 11.3 1.8 37.9 24.85 25.05 36.95
Concentrate* 881.7 14.8 3.8 10.7 12.74 55.24 3.06

In = 3; 2Herd H: only herbaceous species; 3Herd W: high woody species; DM: dry matter; CP: crude protein; EE:
ether extract; NDF: neutral detergent fiber; c: cis;
*Maize-based concentrate (g/kg): maize 800, sunflower meal 150 and minerals and vitamins 50

The a-linolenic (C18:3, 3.0-51.3 g/100 g FA), linoleic (C18:2, 18.7-55.2 g/100 g FA), and palmitic
(C16:0, 12.7-24.8 g/100 g FA) acids were the most abundant FAs in all forages used in goat feed,
together representing over 70% of the fatty acids present. As expected, a-linolenic acid (ALA) was the
most dominant fatty acid for pasture and woody species. The content of ALA in the pasture (41.28—-44.51
g/100 g FA), was in accordance with previously reported values for similar pasture species in the study of
Corazzin et al. (2019). The highest values of ALA were found in woody species, especially in R.
pseudoacacia (black locust) and C. betulus (hornbeam) (51.35 and 47.15%, respectively). The lipids of
forage are located in the leaf chloroplasts; a high proportion of leaves in the woody species might
therefore lead to a high intake of ALA (Elgersma et al., 2005). The content of C18:3 in the woody species
was higher than reported by Decandia et al. (2007b). Differences in C18:3 among studies could be due to
differences in woody composition species, management, sampling, and season. The most representative
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FA in concentrate was linoleic acid (LA), similar to the fatty acid composition of maize grain (Rego et al.,
2016).

Raw milk production and milk composition was not influenced by the type of pasture. Similar results
were reported by Decandia et al. (2007a) when goats were fed on natural pastures with different botanical
composition: woody and herbaceous species vs. only herbaceous species. Even though woody species
have a lower nutritional value than herbaceous species due to the higher content of NDF and ADF, milk
production is not affected because the presence of woody vegetation causes an increase in goat intake
from 420-910 g/day (only herbaceous vegetation) to 550-1250 g/day of herbaceous and woody
vegetation (Fedele et al., 2002). In particular, the milk urea level was high in the W-group goats, as a
consequence of a higher CP level of the woody species than herbaceous vegetation (Table 2), an aspect
supported by studies previously conducted by Decandia et al. (2007a).

The daily production of milk, 3.5% fat-corrected milk, and protein level increased (p <0.05) and the
levels of fat and urea reduced with concentrate supplementation (p <0.01), whereas the content of
lactose was similar (Table 3). In experiments on natural pastures (Rubino et al., 1995) the effects of a
high supply of concentrates on milk production were absent or almost negligible, because herbage intake
decreased as concentrate supplementation increased, whereas in the experiments of Claps et al. (1994),
the highest milk production was reached with the highest concentrate intake (1050 g/day). Nevertheless,
a lower intake of structural carbohydrates from the pasture induced by the supply of concentrates
decreased milk fat concentration (Bonanno et al., 2004), probably due to a lower rumen production of
acetic acid, the precursor of short- and long-chain fatty acids in milk.

Table 3 Production parameters of dairy goats grazing on two pastures with different botanical
composition with or without concentrate supplementation

H! W2 SEM P values of effects®
U Cs U Cs P Cs P x Cs

Raw milk yield (g/d) 845 967 912 1021 294 0,07 <0.05 0.32
3,5% FCM (kg/d)* 0.861 0.935 0.954 0.997 0.127 <0.05 <0.05 0.09
Milk content (%)

Fat 3.61 3.29 3.78 3.35 0.06 0.21 <0.01 0.61

Protein 3.20 3.51 3.18 3.52 0.04 0.43 <0.05 0.36

Lactose 4.40 4.46 4.43 4.52 0.02 0.67 0.09 0.24
Milk yield (g/d)

Fat 30.50 31.81 34.47 34.20 3.17 <0.05 0.26 0.42

Protein 27.04 33.94 29.00 34.20 254 <0.05 <0.01 0.18

Lactose 37.18 43.13 40.40 46.15 4.27 0.09 <0.01 0.34
Milk fat:protein ratio 1.13 0.94 1.19 0.95 0.01 0.22 <0.05 0.55
Urea-N (mg/100 mL) 24.12 19.74 28.40 21.68 212 <0.05 <0.01 0.18

1H-U: only herbaceous species - unsupplemented; H-Cs: only herbaceous species - concentrate supplementation;
2W-U: high woody species - unsupplemented; W-Cs: high woody species - concentrate supplementation;

3p: effect of pasture type; Cs: effect of concentrate supplementation; P x Cs: interaction between pasture type and
concentrate supplementation; SEM: standard error of mean;

43.5% fat-corrected milk yield (kg/d) = (0.432 + 0.1625 x % milk fat) x milk yield (kg/d) (Min et al., 2005)

An inverse relationship was observed between concentrate supplementation and fat content in the
milk (Table 3), which can be related to the reduction of precursors for the synthesis of fat in the mammary
gland (Bauman & Griinari, 2003). According to these authors, the increase in the production of propionic
acid in diets with a high content of grains promotes a glycaemic increase through gluconeogenesis, which
would result in a greater secretion of insulin. As a consequence, there would be a decrease in lipolysis,
reducing the contribution of preformed fatty acids for fat synthesis in the mammary gland (Rufino et al.,
2012). Our results are in contrast to those in the literature (Min et al., 2005), which report increased milk
fat percentages when cereal-based concentrates are provided to grazing, dairy Alpine goats. One
possible explanation for the high milk fat percentage is the highly digestible fibre in good-quality pasture
(Min et al., 2005).

Milk protein content was increased when goats received concentrate supplementation. These
results suggest that the CP ingested with pasture in unsupplemented diets (H-U and W-U groups) was
inefficiently used due to the higher content of rumen degradable N in pasture in relation to its fermentable
energy content and that some amino acids might have been used as glucose precursors (due to the low
dietary energy), rather than in milk protein synthesis (Bargo et al., 2003). This hypothesis is supported by
the increased content of milk urea in goats without concentrate (especially in goats fed on pasture with
high woody species cover).

In the present experiment, milk urea-N was higher in treatment W-U compared with treatment H-U,
as a consequence of a higher CP level of the shrubland species. Average urea-N milk concentrations
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decreased for treatment Cs, suggesting that concentrate supplementation altered rumen metabolites (Min
et al.,, 2005). Milk urea-N can be used as a tool to monitor protein feeding efficiency, dietary
protein:energy ratio, and animal health status.

Feeding strategies have been shown to affect milk FA composition of dairy goats fed on pasture.
The percentages of the nutritionally desirable FA (a-linolenic acid, total n-3 PUFA, total conjugated
linoleic acid and its isomers, and vaccenic acid) were substantially higher in milk from the W group,
whereas the C16:0, total saturated FA, and n6:n3 ratio were substantially lower than in the H group
(Tables 4 and 5). The results obtained in the current study are inconsistent with Decandia et al. (2007a),
who found a decrease in the content of medium-chain FA (primarily due to a decrease in C16:0) when
goats grazed on woody and herbaceous species compared to those that grazed only herbaceous
species. Chilliard et al. (2006) reported that oleic acid was the most prominent mono-unsaturated fatty
acid, with concentrations of 15-21% of total FA, which is similar to that found in the current study. In a
study conducted in Australia, the most abundant saturated fatty acid was C18:0 (Thomas & Rowney,
1996), not C16:0, as in this study. This difference may be due to goats eating pastures with different
botanical composition in the rangeland. In Australia, the animals grazed on sea grass, thus the presence
of C18:0 could be due to biohydrogenation of a-linolenic acid (Chilliard et al., 2003).

Table 4 Fatty acid profile (% of total fatty acids) of milk fat from dairy goats grazing on two pastures with
different botanical composition, with or without concentrate supplementation

H! W2 SEM P values of effects®
U Cs U Cs P Cs P x Cs
C4:0 1.87 1.18 2.48 1.82 0.03 0.24 <0.05 0.48
C6:0 1.92 2.45 2.00 2.31 0.08 0.15 <0.05 0.22
C8:0 2.76 3.16 2.40 2.74 0.09 0.32 <0.05 0.18
C10:0 11.81 13.40 11.30 13.58 0.36 0.27 <0.01 0.54
C12:0 3.67 4.45 3.81 4.22 0.30 0.06 <0.05 0.11
C14:.0 11.44 13.58 10.75 12.42 0.41 0.14 <0.05 0.20
Cl4:1 0.50 0.57 0.38 0.45 0.05 0.23 0.06 0.09
C15:0 1.04 0.92 0.95 0.84 0.02 0.47 0.09 0.43
C16:0 26.05 26.83 24.34 24.08 0.81 <0.05 0.56 0.29
Cle:1 0.94 0.76 0.83 0.61 0.03 <0.05 <0.05 0.58
C17:0 0.61 0.50 0.52 0.51 0.01 0.23 0.38 0.33
Cl7:1 0.23 0.24 0.23 0.24 0.01 0.34 0.65 0.21
C18:0 9.12 8.27 9.21 9.36 0.37 0.65 0.07 0.61
C18:1 trans-9 0.32 0.40 0.27 0.33 0.02 0.41 0.06 0.15
C18:1 trans-11 (VA) 2.41 1.95 417 3.20 0.28 <0.01 <0.01 0.47
C18:1 cis-9 17.09 13.20 16.62 13.32 0.71 0.26 <0.001 0.24
C18:1 cis-11 0.19 0.24 0.25 0.23 0.01 0.17 <0.05 0.35
C18:2 trans-9, trans-12 0.22 0.21 0.24 0.25 0.12 0.42 0.18 0.60
C18:2 cis-9, cis-12 (LA) 2.32 3.36 3.01 4.07 0.17 <0.05 <0.01 0.09
Total CLA 1.12 0.91 1.53 1.38 0.11 <0.01 <0.05 0.34
cis-9, trans-11 CLA (RA) 1.08 0.89 1.48 1.35 0.12 <0.01 <0.05 0.28
trans-10, cis-12 CLA 0.04 0.02 0.05 0.03 0.01 0.76 <0.05 0.72
C18:3 ¢9, c12, c15 (ALA) 0.78 0.55 1.15 0.76 0.02 <0.01 <0.01 0.21
C20:0 0.82 0.91 0.80 0.83 0.02 0.26 0.31 0.29
C20:4 (AA) 0.17 0.19 0.18 0.20 0.01 0.18 0.11 0.41
C20:5 n-3 (EPA) 0.09 0.07 0.15 0.14 0.01 <0.05 <0.05 0.19
C22:5 n-3 (DPA) 0.14 0.12 0.18 0.16 0.01 0.06 <0.05 0.36
Unidentified fatty acids 2.37 1.88 2.14 1.95 0.12 0.11 0.06 0.76

1H-U: only herbaceous species - unsupplemented; H-Cs: only herbaceous species - concentrate supplementation;
2W-U: high woody species - unsupplemented; W-Cs: high woody species - concentrate supplementation;

3p: effect of pasture type; Cs: effect of concentrate supplementation; P x Cs: interaction between pasture type and
concentrate supplementation; SEM: standard error of mean;

VA = vaccenic acid; CLA: conjugated linoleic acid; RA: rumenic acid; ALA: a-linolenic acid; AA: arachidonic acid;
EPA: eicosapentaenoic acid; DPA: docosapentaenoic acid
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Table 5 Fatty acid sums (% of total fatty acids) in milk fat from dairy goats grazing on two pastures with
different botanical composition with or without concentrate supplementation

H! W? SEM p values of effects®
U Cs U Cs P Cs P x Cs
Saturated FA 71.11 76.15 68.56 72.71 0.73 <0.05 <0.01 0.34
Unsaturated FA 26.52 22.77 29.19 25.34 0.49 <0.01 <0.01 0.55
Monounsaturated FA 21.68 17.36 22.75 18.38 0.53 <0.05 <0.01 0.27
Polyunsaturated FA 4.84 5.41 6.44 6.96 0.18 <0.01 <0.05 0.11
Total n-6 PUFA* 2.71 3.76 3.43 4.52 0.15 <0.05 <0.01 0.09
Total n-3 PUFA3 1.01 0.74 1.48 1.06 0.05 <0.05 <0.05 0.11
SCFA (C4-C10) 18.36 20.19 18.18 20.45 0.16 0.55 <0.01 0.53
MCFA (C12-C17) 44.48 47.85 41.81 43.37 0.37 <0.05 <0.01 0.22
LCFA (C1s8-C22) 34.79 30.88 37.76 34.23 0.53 <0.01 <0.01 0.18
HFAS 41.16 44.86 38.90 40.72 0.44 <0.01 <0.05 0.08

1H-U: only herbaceous species - unsupplemented; H-Cs: only herbaceous species - concentrate supplementation;
2W-U: high woody species - unsupplemented; W-Cs: high woody species - concentrate supplementation;

3p: effect of pasture type; Cs: effect of concentrate supplementation; P x Cs: interaction between pasture type and
concentrate supplementation; SEM: standard error of mean;

4(C18:2 n6t + C18:2 n6¢C + C20:4); 5(ALA+EPA+DPA); ®Hypercholesterolaemic fatty acids (C12:0 + C14:0 + C16:0);
FA = fatty acid; SCFA: short-chain FA; MCFA: medium-chain FA; LCFA: long-chain FA

Higher proportion of C18:1 t11 and c9, t11 CLA in milk produced on W than on H could be
explained by higher intake of the precursors, C18:2 ¢9, c12 and C18:3 c9, c12, c15, but also due to plant
secondary metabolites, like tannins, present in grazed woodland species, which decrease the ruminal
biohydrogenation of linolenic acid by ~30%, resulting in an increase in linolenic acid content in milk
(Cabiddu et al., 2009). Grazing condensed tannin-containing herbage has been shown to increase milk
proportions of C18:1 t11, c9, t11 CLA, C18:2 c9, c12, and C18:3 ¢9, c12, c15 in ewes (Cabiddu et al.,
2009). Similarly, the milk proportions of C18:2 c9, c12 and C18:2 c9, c12, c15 were higher on W than on
H in the present study (Table 4). However, if this effect was due to differences in intake of condensed
tannins, further studies should be done.

Concentrate supplementation decreased the nutritionally desirable FAs such as CLA, VA, total n-3
FA, ALA, eicosapentaenoic acid (EPA; C20:5n-3), docosapentaenoic acid (DPA; C22:5n-3) and
increased the n-6/n-3 ratio; these feeds increased SFA, PUFA n-6, and LA of goat milk (Table 4 and 5).
Consistent with our results, concentrate supplementation reduced the milk fat content of VA and ALA in
grazing dairy goats (LeDoux et al., 2002). The concentrate supplementation probably reduced the intake
of grass and it subsequently resulted in a reduction in the intake of ALA, explaining not only the lower
concentration of this FA in milk but also the reduction in VA, which is the common intermediate in ruminal
biohydrogenation of LA and ALA (Nuda et al., 2020). The increased content of short- and medium-chain
saturated FA in our study supports previous grazing studies that have evaluated the effects of
concentrate supplementation on milk FA. Bargo et al. (2006) reported an increase in C6:0-C10:0 and
C12:0-C17:0 content when grazing cows were supplemented with 1 kg concentrate/4 kg milk compared
with unsupplemented cows. This increase was attributed to increased availability of ruminal volatile fatty
acids for endogenous synthesis of these FA, due to higher energy intake with concentrate
supplementation.

The proportions of oleic acid in goat milk decrease with an increasing percentage of concentrate in
the diet (Mele et al., 2008). According to this, we detected the lowest values for oleic acid in samples of
the Cs group, in which goats were fed supplemented with concentrates (500 g/d) (Table 4).

The lower content of c9, t11 CLA (by 10.0-18.7%) in milk fat in concentrate-supplemented goats
supports the results from previous grazing studies (Elgersma, 2015). Bargo et al. (2006) suggested that
the reduction in c9, t11 CLA (rumenic acid, RA) content in milk fat due to concentrate supplementation
was primarily because of a reduction in the contribution of pasture to the diets. The higher RA content in
milk of unsupplemented goats could be related to higher pasture DM intake and subsequently higher
intake of C18:3 due to the high C18:3 content of pasture (Table 2). Biohydrogenation of dietary C18:3
yields, among others, C18:1 t11. The content of RA in milk fat depends on ruminal production of both c9
t11 CLA and C18:1 t11, and tissue activity of A%-desaturase (Bauman et al., 2001). Product to substrate
ratios of some FAs represent a desaturase index and can serve as a proxy for A°-desaturase activity
(Bargo et al., 2006). In our study, the ratio c9, t11 CLA/t11 C18:1 was not affected by treatment (Table 6),
suggesting a similar A%-desaturase activity in the mammary gland. The higher RA content in the
unsupplemented goats would therefore not have been a result of differential enzyme activity, but of a
higher amount of RA precursors, as indicated by the higher amount of t11 C18:1.

In our research, the higher amount of PUFA in Cs milk is mainly due to the higher amount of n-6
FA in these samples. The concentration of linoleic acid, the most representative FA of the PUFA, was
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higher in Cs milk (W-Cs and H-Cs groups) compared to U milk (W-U and H-U groups). These results
agree with values reported in literature, specifically in the absence of lipids added to diets, as the
proportion of LA in goat milk FAs is between 2% and 4% (Chilliard et al., 2007). Generally, all or most of
LA in milk fat comes from dietary LA that escapes rumen biohydrogenation activity, and its transfer to milk
is related to the amount of this fatty acid that is ingested. The composition of concentrate mixture offered
to Cs groups appears to explain the highest content of LA found in milk fat.

It is interesting to note that the C18:0 level, a final product of the ruminal biohydrogenation of
dietary FA, was not affected by dietary treatments. Dewanckele et al. (2018) explained that diets rich in
PUFA can inhibit the last step of rumen biohydrogenation by modifying the rumen bacterial population,
resulting in increased intermediate products, as observed in the present study. Since C18:1 c9 can be
derived from the desaturation of C18:0, the difference observed between experimental groups in this FA
could be due to the desaturation difference of C18:0. In fact, the desaturation ratio 18:1 c9/18:0 in the
mammary gland was the lowest for samples from the Cs groups (p <0.05), in which goats’ diet was
supplemented with concentrates, since the increase in the availability of PUFA inhibits the A%-desaturase
(Mele et al., 2008) (Table 6).

Grazing of woody species increased the proportion of long-chain n-3 PUFA, such as EPA, probably
because of the high content of its precursor (ALA) in the pasture. Concentrate supplementation
decreased the content of EPA and DPA in milk fat. The PUFA/SFA and n-6/n-3 PUFA ratios are
commonly used to measure the nutritional value and consumer health of animal fat (Pilarczyk et al.,
2015). Generally, a ratio of PUFA to SFA above 0.45 and a ratio of n-6/n-3 below 4.0 are required in the
diet to combat some diseases such as coronary heart disease and cancer (Simopoulos, 2002). In the
present study, the PUFA/SFA ratios (0.07—0.10) were considerably lower than the recommended values,
whereas the n-6/n-3 ratios for unsupplemented goats (2.32 and 2.68, respectively) were within the
recommended values (Table 6). The concentrate supplement had a negative effect on this ratio, due to
the increase in LA content and the decrease in ALA content in milk fat. Values obtained in this study for
the Cs groups are comparable to the values reported in literature for goat milk (5.0) (Lopez et al., 2019).

Table 6 Lipid health indices in milk from dairy goats grazing on two pastures with different botanical
composition, with or without concentrate supplementation

H! W2 P values of effects?

Parameter U Cs u Cs SEM P Cs PxCs
PUFA/SFA 0.07 0.07 0.09 0.10 0.001 <0.05 0.26 0.19
n-6/n-3 PUFA 2.68 5.08 2.32 4.26 0.12 0.07 <0.001 0.11
HFA/UFA 1.55 1.97 1.33 1.61 0.09 0.11 <0.05 0.34
Al 2.85 3.76 2.44 3.08 0.21 0.09 <0.05 0.26
TI 2.49 3.05 2.08 2.53 0.17 0.12 <0.05 0.18
h/H 0.60 0.47 0.71 0.59 0.05 0.08 0.12 0.27
HPI 0.34 0.26 0.39 0.31 0.01 <0.05 <0.05 0.67
Product / substrate ratios

C14:1/C14:0 0.044 0.042 0.035 0.036 0.004 <0.05 0.27 0.43

C16:1/C16:0 0.036 0.028 0.034 0.025 0.003 0.23 0.10 0.51

c9 C18:1/C18:0 1.87 1.59 1.80 1.42 0.07 0.09 <0.05 0.55

c9, t11CLA/t11 C18:1 0.45 0.46 0.40 0.42 0.04 0.18 0.27 0.12

1H-U: only herbaceous species - unsupplemented; H-Cs: only herbaceous species - concentrate supplementation;
2W-U: high woody species - unsupplemented; W-Cs: high woody species - concentrate supplementation;

3p: effect of pasture type; Cs: effect of concentrate supplementation; P x Cs: interaction between pasture type and
concentrate supplementation; SEM: standard error of mean;

PUFA: polyunsaturated fatty acid; HFA: hypercholesterolaemic FA (12:0 + 14:0 + 16:0); UFA: unsaturated fatty acid;
Al: Atherogenicity Index; TI: Thrombogenicity Index; h/H (hypocholesterolaemic/Hypercholesterolaemic ratio); HPI:
health promoting index

There was no significant difference in atherogenicity index (Al) and trombogenicity index (TI) of H
and W goat groups. The usage of concentrates raised the Al and Tl values, diminishing the beneficial
effects of FA regarding consumer health. According to the findings by Tsiplakou et al. (2006) and Renna
et al. (2012), milk from grazing goats had better quality parameters for human nutrition when compared
with those fed with diets based on preserved forages and concentrates. Our results are similar to those
reported by Chilliard et al. (2003) for goat milk, which produced similar values according to feeding.

The HPI (health promoting index) was proposed by Chen et al. (2004) as an indicator of the health
value of dietary fat and is largely focused on the effect of some FA on cardiovascular diseases. Milk with
a high HPI value is assumed to be more beneficial to human health. In the current study, the highest HPI
value of goat milk was detected in the W-U group (0.39), followed by the H-U group (0.34) (p <0.05).
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Supplementing pastures with concentrates had a negative effect on the HPI value, regardless of the type
of pasture (p <0.05).

Conclusions

The feeding system based on pasture (only herbaceous species and high woody species)
confirmed its positive effect on beneficial fatty acid content in milk, in particular when the pasture is
characterised by a high proportion of shrubland species. In fact, when goats are fed pastures rich in
shrubs, milk fat presented consistently higher concentrations of unsaturated FA including 18:1 t11; c9, t11
CLA; 18:3n-3; and 20:5n-3 and decreased the concentrations of hypercholesterolaemic FA (sum of 12:0,
14:0, and 16:0). Concentrate supplementation decreased the level of FAs beneficial for human health,
such as C18:3n-3, and C20:5n-3, as well as some FA intermediates of rumen biohydrogenation (c9, t11
CLA and t11 C18:1). The use of pastures with different botanical composition used in the geographical
study area in goats diets could serve as a strategy to improve milk FA profiles with beneficial effects on
health in humans, having a positive effect on consumer perception and the acceptance of milk and dairy
products from the local region.

The high heterogeneity of goat diets while feeding on shrublands makes it very difficult to
understand their effect on milk FA composition. Further research is needed to investigate the relationship
between dietary composition and milk content of beneficial FA.
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