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Simple Summary: There is increasing consumer demand for goat’s milk because it contains more
nutrients and biologically active compounds than cow’s milk. However, the nutrition of goats can
influence the composition of the milk, which can affect its functional activity. This research evaluates
the effect of dietary inclusion of hemp seeds in goats fed with hay or mixed shrubs-grass rangeland,
on the yield, fatty acid profile (FA), and antioxidant capacity of milk, with the goal to increase the
content of its beneficial ingredients. The results obtained led to the conclusion that grazing goats
on mixed shrubs—grass rangeland (SG) and dietary supplementation with hemp seed (Hs) is an
effective strategy for increasing the milk’s fat content and improving its quality in terms of FA profile,
lipophilic antioxidant content, and total antioxidant capacity (TAC), making goat’s milk a food with
high added value that is able to provide benefits for human health.

Abstract: The research objective was to evaluate the effect of dietary incorporation of hemp seeds in
goats fed with hay or mixed shrubs—grass rangeland on the production, FA profile and health-related
lipid indices, antioxidant content and total antioxidant capacity of milk, with the purpose to increase
the content of beneficial ingredients in milk and to improve its functional activity. Forty indigenous
Carpathian goats were allocated into two groups according to the type of basic forage in their diet:
hay (H) or mixed shrubs—grass rangeland (SG); each of them was further divided into two subgroups
according to the presence of Hs in the concentrate mixture (250 g/kg) or not. Milk production was
determined, and milk samples were collected and analyzed for fat, protein, lactose, and cholesterol
content, as well as FA profile, lipophilic antioxidant content («x-tocopherol and retinol), and milk TAC.
SG goats gave less milk (p < 0.01) but with higher milk fat (p < 0.001) and lower cholesterol content
(p < 0.01) than H goats, while milk protein and lactose contents were not affected. Supplementing
the diet with Hs caused a significant increase in milk production (p < 0.05) and milk fat content
(p < 0.001) and a decrease in cholesterol content (p < 0.05). Grazing compared to indoor feeding
but also supplementing the diet with Hs had the effect of decreasing the proportion of SFAs and
increasing the concentrations of polyunsaturated FA (PUFA) in goat milk fat (p < 0.01). Fats in the
milk of SG goats compared to H, but also in those supplemented with Hs, showed significantly higher
proportions of vaccenic acid (VA), rumenic acid (CLA c-9,t-11) and omega-3 FA (x-linolenic acid
(ALA), eicosapentaenoic acid (EPA), and docosapentaenoic acid (DPA)) which are considered healthy
for consumers. The feeding system based on SG and the diet supplementation with Hs ensured
the best nutritional and functional quality of milk, confirmed by the FA profile, antioxidant content,
and by the value of health-related lipid indices (n-6/n-3 FA ratio and hypo-/hypercholesterolemia,
atherogenic index (Al), thrombogenic index (TI), and health promotion index (HPI)). The results of
our work will be useful for the development of optimal nutritional strategies that improve the FA
profile and the antioxidants content in goat milk, with beneficial effects on human health.
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1. Introduction

The increased consumer interest in goat milk is due to its improved fatty acid profile
compare with cow’s milk, but also due to its lower cholesterol content than other types
of milk [1]. The more favorable FA composition of goat milk (such as higher omega-3 FA
content and lower atherogenic FA, especially palmitic acid content) contributes to reduced
human health problems [2].

Relevant studies have shown that goat milk contains bioactive compounds such
as VA (C18:1 t-11), RA (CLA ¢-9,t-11), and n-3 FA (ALA, EPA, and DPA), which have
beneficial effects on human health and the cardiovascular system and are important in
cancer prevention [3]. In addition, fat in milk is a good source of vitamins (all-trans-retinol
and a-tocopherol), which possess increased antioxidant activity [4]. The development of
nutritional strategies to improve the FA profile of fats in goat milk is therefore essential to
reduce the content of 12:0, 14:0, and 16:0 in milk due to their hypercholesterolemic potential
and to increase the beneficial FA content for human health.

Numerous studies have highlighted the positive effect of pastures on the nutritional
quality of goat milk, especially the content of n-3 FA and CLA (conjugated linoleic acid) [5].
In the submontane and mountain regions of Romania, milk is produced mainly by goats
and sheep, which can efficiently exploit pastures located on sloping and rugged terrain,
such that pastures are their main resources of feed. In the hot and dry summer months
(the period from June to August, in Romania’s conditions), these resources can no longer
meet the nutritional requirements of the goats due to the decrease in the productivity and
quality of the pastures. The decrease in the quality of pastured plants and the negative
energy balance that occurs due to the decrease in the digestibility of nutrients and the
reduced dry matter (DM) intake, in addition to the decrease in milk production, also causes
a decrease in the content of FAs that are beneficial for human health (VA, CLA ¢-9,t-11, and
n-3 FA) from milk and increases the concentration of saturated FA with an atherogenic
effect [6,7]. Thus, breeders have developed several goat-feeding strategies to support milk
production, such as the exploitation of mixed shrubs—grass rangeland [8]. During the
grazing period, goats can cover 50-80% of their feed needs by consuming different species
of shrubs and bushes [7]; goats can efficiently utilize woody pastures, which are rich in cell
walls and polyphenols (especially tannins), compared to cows or sheep. In addition, in the
spring, when the conditions are favorable for the growth of pasture plants, farmers take
advantage and build up reserves by harvesting and drying the grasses from the pasture,
obtaining a hay consisting of a wide variety of grass species, traditionally called “pasture
hay”. In winter and during the summer dry period, pasture hay is a staple forage for small
ruminants. However, few studies are available that provide information on the effects
of adopting a goat-feeding strategy during the dry summer months (the use of pastures
rich in shrubs and bushes vs. feeding indoors with pasture hay) on milk production, FA
composition, and the total antioxidant capacity of goat milk.

Goats prefer broad-leaved plants and often consume shrubs and bushes rather than
grasses because they have a higher nutritional value [9]. For example, the protein content
of acacia (Rubinia pseudacacia) is 221 g/kg DM, and that of hornbeam (Carpenus betulus) is
214 g/kg DM, both of which are higher than the protein content of alfalfa hay [7]. However,
shrubs and bushes contain a number of anti-nutritional factors such as tannins, oxalates,
and saponins that limit the use of nutrients [8]. On the other hand, tannins in small amounts
increase the absorption of nutrients, reduce methanogenesis, and increase the content of
CLA in milk [10]. In addition, mixed pastures covered with herbaceous species, shrubs, and
bushes provide higher concentrations of healthy FA (VA; CLA c-9,t-11; n-3 FA) and lower
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proportions of hypercholesterolemic FA (12:0, 14:0, and 16:0) in goat milk fat compared to
pastures consisting only of herbaceous species [7].

In addition to their high protein and fat content (25.7% and 31.6% of DM, respectively),
hemp seeds (Hs) are rich in PUFA, mainly LA (56.1% of total FAs) and ALA (22.4% of total
FAs) [11]. In addition, Hs contain tocopherols (x-tocopherol—4.16 mg/100 g DM), which
increase the oxidative stability of sheep’s milk [11]. However, a few studies reported the
use of hempseed fats in the diet of small dairy ruminants [11-14].

Previous studies have shown that supplementing goats’ diet with hemp seed oil
(93 g oil/day) [12], with linseed oil (130 goil/day) [15], or with sunflower oil
(130 g oil/day) [15] did not significantly influence the concentration of C18:2 n-6 and C18:3
n-3 in milk, due to the high amount of oil in feed which affected the ruminal microbial
populations but also due to the fact that fatty acids were supplied in the diet as a free form
(oil) and thus were very vulnerable to biohydrogenation. In addition, the studies carried
out by Mierlita [11,13] demonstrated that supplementing the diet of lactating sheep with
hemp seeds in the amount of 175-180 g/sheep/day (52-57 g oil/day) led to a significant
increase in the concentration of C18:3 n-3 and CLA ¢-9,t-11 in milk. Similar results were
obtained by introducing flax seeds or hemp seeds in the goats’ diet at a level of 8.5% (on
DM basis) [14]. Therefore, in the present study, hemp seeds were used in goats feed as a
source of PUFA, at a level of 200 g/goat/day (66 g oil/goat/day).

Increasing the concentration of PUFA in milk intensifies the oxidation processes that
can lead to a decrease in the nutritional and sensory quality of milk. Thus, it is necessary
that the increase in the content of PUFA in milk is accompanied by an increase in the
content of antioxidants (for example, a-tocopherol, 3-carotene, retinol) to reduce their
oxidation [16].

To our knowledge, there are few studies available in the literature, but also hetero-
geneous results, about the effect of hemp seeds on the FA profile of milk fat and the total
antioxidant capacity (TAC) of milk. Also, no studies have been reported thus far that
quantify the direct interaction of mixed shrubs—grass rangeland and hemp seed ration
supplementation on the production, FA composition, and TAC of milk.

Therefore, the research objective was to evaluate the effect of dietary inclusion of
hemp seeds in goats fed with hay or mixed shrubs—grass rangeland on the milk production
and composition, FA profile, fat-soluble vitamin concentrations, and total antioxidant
capacity (TAC) of milk. The main goal of the study was to obtain milk enriched in bioactive
compounds by the use of hemp seeds in the goats’ feed as a source of omega-3 FA and
natural antioxidants, with a role in supporting and promoting human health.

2. Materials and Methods

The experimental procedures and animal care conditions were in accordance with
European regulations regarding the use of animals in research [17].

2.1. Goats and Dietary Treatments

The study was conducted on a commercial goat farm in the submontane area of the
Carpathian Mountains (Bihor, Romania; geographic coordinates: 46,037'42.6" N 22,023'34.1" E).
Carpathian goats, a native breed that represents over 80% of the goats reared in Romania,
were used.

Forty goats were involved in this study, which were balanced according to parity (2nd
parity), stage of lactation (days in milk: 86 + 11.62 d), body characteristics (37.8 £ 3, 1 kg at
the beginning of the experiment), and milk production (1.38 £ 0.18 kg/d at the beginning
of the experiment). The goats were assigned into two groups according to the type of basic
forage in the diet: hay (H) or mixed shrubs—grass rangeland (SG); each of them divided into
two subgroups according to the presence of hemp seeds (Hs) in the mixture of concentrated
(250 g/kg) or not. Thus, from the combination of two types of forage (H (hay) and SG
(mixed shrubs—grass rangeland)) and two levels of dietary supplementation with ground
Hs (0 vs. 200 g Hs/goat/day), four treatment were formed: H-C: hay diet and standard
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concentrate without Hs; H-Hs: hay diet concentrated with Hs; SG-C: mixed shrubs-grass
rangeland and standard concentrate without Hs; and SG-Hs: mixed shrubs—grass rangeland
and concentrated with Hs.

In the two hay treatments (H), the goats in each group were kept indoors in separate
pens, while the groups of goats in each pasture treatment grazed together, with the concen-
trate mixture being administered separately depending on the treatment (SG-C and SG-Hs,
respectively) during milking.

Goats in group H received pasture hay ad libitum twice a day after milking, and alfalfa
hay was offered at a dose of 500 g/goat/day after morning milking. The goats in the SG
group between the morning milking (06:00) and the evening (18:00) grazed traditionally
extensively (led by shepherds), and the grazing route of the herd was planned to take
into account the availability of forage, with the goats having the opportunity to choose
high-quality feed. Overnight, the SG goats were kept in a barn.

The pasture used for grazing goats in the SG group was covered mainly by shrubs
and bushes (75-85%) with a height of 0.4-2.6 m; the most abundant species were Rubinia
pseudoacacia, Carpenus betulus, Prunus spinosa, and Rosa canina. Herbaceous species were also
present in these pastures, with the most common species being Agrostis capillaris, Festuca
arundinacea, Festuca rubra, and Phleum pratense.

All goats received 800 g of concentrate/head, twice a day in equal amounts during
milking, without refusal. The concentrates were isoenergetics and isonitrogenous. In the
case of the H-Hs and SG-Hs groups, ground hemp seeds were included in the concentrate
mixture at a rate of 25%. Thus, the goats in the H-Hs and SG-Hs groups received a daily
supplement of 200 g of Hs, which ensured a fat intake of approximately 66 g/day/goat.
The concentrate supplement represented approximately 30% of the total DM of the diet,
and the hemp seeds represented, on average, 9% of the total DM of the diet.

The experimentation period lasted thirteen weeks, from the beginning of June to the
end of August 2022. The first three weeks were used as a period for the adaptation to the
dietary treatments.

2.2. Sample Collection

In Weeks 2, 4, 6, 8, and 10, forage samples (shrubs, grass, pasture hay, alfalfa hay, and
concentrate) were collected to determine the chemical composition and FA content. Grass
samples were taken from four 10 m x 25 m plots randomly distributed across the pasture
(approximately 14 ha), with three subplots (0.5 m?) per plot, resulting in 12 subplots in total.
Woody pastures were sampled by manually pulling plant parts observed to be grazed by
goats [18]. Hay and concentrate samples were collected at the same time as for pasture.
Each sample was taken in three replicates, which were then pooled into a single sample
for each week. From these, 0.3 kg samples of feed were selected for laboratory analyses,
packed in plastic bags, frozen, and stored at —20 °C.

During the experimentation period (10 weeks), weekly, bulk milk samples were taken
from each group of goats in 4 x 50 mL plastic tubes. To one of the samples, we added a tablet
of Bronopol (D&F Inc., Pharr, TX, USA), and it was analyzed for proximate composition.
Milk samples used for FA profile analysis were frozen at —20 °C until analysis. Milk
samples used for antioxidant TAC analysis of milk were wrapped in aluminum foil to
protect them from light. Raw milk samples were frozen at —80 °C until analysis. All
samples were transported to the laboratory in ice boxes to avoid any change in their quality.

Pasteurized milk was obtained by heating at a temperature of 63 °C for 30 min [19].
Pasteurized milk samples were stored for 4 days in a household refrigerator at 2 °C, after
which they were analyzed for x-tocopherol and retinol content and for TAC.

2.3. Chemical Analyses
2.3.1. Feed and Milk Analysis for Proximate Composition

The feed samples were analyzed for the content of dry matter (DM) using the gravi-
metric method and crude protein (CP) content using the Kjeldahl method (N x 6.25); they
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were also analyzed for crude fat (EE—ether extract) content (SOXTHERM, C. Gerhardt
GmbH, Konigswinter, Germany) [20]. Cell wall fractions NDF (neutral detergent fiber) and
ADF (acid detergent fiber) were also determined via the method described by Van Soest
et al. [21] using the ANKOM 220 analyzer (ANKOM Technology Corporation, Fairport, NY,
USA).

Fat, protein, lactose, and solid non-fat (SNF) of milk were determined using a Milk-
coScan (TUV.CERT/Milcotronic, Sofia, Bulgaria) standardized for goat milk, with auto-
matic infrared analysis. The MUL (milk urea level) was determined using an enzymatic
method [22].

2.3.2. Milk Cholesterol Analysis

The method described by Cozma et al. [12] was used for the analysis of milk cholesterol.
Briefly, the fat was extracted with a mixture of chloroform and methanol (2:1). After the
mixture was stirred and washed in a separatory funnel, the organic phase was dried
over anhydrous NaySOj, evaporated to dryness, and taken up in chloroform. Cholesterol
concentration was determined in two steps: cholesterol derivatization followed by gas-
chromatographic separation. BSTFA (bistrimethylsilyl-trifluoroacetamide) and TMCS
(trimethylchlorosilane) (2:1) were used for cholesterol derivatization, and the mixture was
kept for 2 h at 60 °C. The obtained solution and standards were injected into a Varian
3800 GC-4000 gas chromatograph (Varian, Inc., Palo Alto, CA, USA) equipped with a
flame ionization detector (FID) and a CP-Sil 5CB column (Varian Inc., Palo Alto, CA, USA)
(25m x 0.25 mm x 0.25 um). Helium was used as the carrier gas, applying a flow rate of
1.9 mL/s. The operating parameters of the gas chromatograph were as follows: the injector
and detector temperatures were 260 and 290 °C, respectively; the oven temperature was
130 °C at the beginning (maintained 3 min), then increased 10 °C/min to 200 °C (maintained
3 min), and further increased 20 °C/min to 290 °C (maintained 5 min). Quantitative
determination of cholesterol in milk samples was carried out using the internal standard
(Sigma-Aldrich) by comparing the areas obtained for milk samples and, respectively, for
cholesterol of known concentration.

2.3.3. Feed and Milk Fatty Acid Analysis

To obtain and quantify FA methyl esters (FAMESs) from pasture (shrubs and grass),
hay (grass hay and alfalfa hay), hemp seeds, and concentrates (without H and with Hs), we
used the method described by Mierlita et al. [23].

The milk fat was extracted according to the method described by Folch et al. [24] and
transmethylation was performed with methyl alcohol. The lipid extract was treated with
benzene, BF3, and methanol, after which it was heated and maintained at a temperature
of 80 °C for 2 h. Next, hexane and distilled water were added and mixed with vortexing,
and the organic phase obtained was treated with anhydrous Nay;SOy. After treating the
samples once more with hexane and distilled water, they were vortexed, and the extract
was brought to dryness in a rotary evaporator. Finally, the obtained residue was treated
with hexane.

The separation and quantification of FAME from feed and milk samples was per-
formed using a Varian 3800 GC-4000 gas chromatograph (Varian, Inc., Palo Alto, CA, USA)
equipped with a flame ionization detector (FID) and a column CP-Sil 88 (100 m x 0.25 mm
x 0.20 um; Varian, Inc., Palo Alto, CA, USA). Helium was used as a carrier gas, applying
a flow rate of 1.9 mL/s. The injector and detector temperatures were 250 and 260 °C,
respectively. The initial oven temperature was programmed at 40 °C (held for 3 min), then
increased by 15 °C/min to 200 °C and held in the tray for 3 min at 200 °C. The temperature
was then increased again by 20 °C/min to 240 °C and held steady for 5 min.

FAMESs were identified by comparing their retention times with those of pure methyl
ester standard (Supelco 37 Component FAME Mix, Sigma-Aldrich, St. Louis, MO, USA).
Individual FA concentrations were expressed as a % of total identified FAs.
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2.3.4. Milk Fat-Soluble Vitamins Analysis

Fat-soluble vitamins were extracted from milk according to the method described
by Santa et al. [19]. The determination of retinol and x-tocopherol content in milk was
performed with an HPLC (Agilent Technology series 1100, Santa Clara, CA, USA) equipped
with a Phenomenex SphereClone column (5 um, 150 x 4.6 mm). The mobile phase was
methanol at a flow rate of 1.3 mL/min, and the detector was set to 292 nm for «-tocopherol
and 340 nm for retinol. High purity standards (R7632 and T3251; Sigma Aldrich, Madrid,
Spain) were used for quantification. Duplicates were analyzed for each sample.

2.3.5. Milk Antioxidant Capacity Analysis

The TAC of whole-milk samples was determined using the ABTS method described
by Mierlita et al. [23]. A 2,2’-azinobis (3-ethylbenzthiazoline-6-acid) (ABTS) solution was
dissolved with potassium persulfate (2.45 mM), and the mixture was kept in the dark for
12-14 h. By diluting the ABTS** solution with methanol, an absorbance of 0.70 £ 0.02 at
730 nm was obtained. The milk sample (0.01 mL) was treated with an ABTS** solution
(1 mL), and the removal of the ABTS radical was monitored using spectrophotometry. As
a standard, we used the water-soluble vitamin E analog Trolox, and the TAC value was
calculated based on the calibration curve. All analyses were performed in duplicate.

2.4. Calculations and Nutritional Indices

The fat and protein-corrected milk (FPCM) and energy-corrected milk (ECM) were
calculated from the daily milk yield and milk composition, using the equations [25,26]:

FPCM (kg/d) = Milk yield (kg/d) x (0.26 + 0.1352 x Fat (%) + 0.079 x CP (%)) (1)

ECM (kg/d) = Milk production (kg/d) x (0.38 x Fat (%) + 0.24 x CP (%) + 0.17 x lactose (%))/3.14 @)

Based on the fatty acid composition of milk fat, the nutritional indices and FA ratios
related to healthy fat consumption were calculated [1,13]:

Al (Atherogenicity Index) = [C12:0 + (4 x C14:0) + C16:0]/ UFA 3)

TI (Thrombogenicity Index) = (C14:0 + C16:0 + C18:0)/[(0.5 x MUFA) + (0.5 x n-6 FA) + (3 x n-3FA) + (n-3/n-6 FA)]  (4)

h/H (hypocholesterolemic:Hypercholesterolemic FA ratio) = (C18:1 c-9 + PUFA)/(C12:0 + C14:0 + C16:0) 5)

HPI (Health-promoting Index) = UFA /(C12:0 + (4 x C14:0) + C16:0) (6)
NVI (Nutritive Value Indices) = (C18:0 + C18:1)/C16:0 (7)

PI (Polyunsaturation Index) = C18:2 n-6 + (C18:3 n-3 x 2) (8)
DFA (Desirable FA) = C18:0 + UFA )

2.5. Statistical Analysis

A 2 x 2 factorial experimental design was used, with two types of forage (hay vs.
mixed shrubs—grass rangeland) and two types of concentrates (standard concentrate with-
out Hs vs. experimental concentrate containing Hs). The two-way analysis of variance
(ANOVA) using a general linear model (GLM) of the SAS [27] was carried out to deter-
mine the effect of diets on milk production, fatty acid composition, antioxidant content,
and total antioxidant capacity of milk. The fixed effects were forage type, hemp seed
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supplementation, and interactions between fixed effects. The linear model used was as
follows:
Yijk = p + Fi + Hsj + (F x Hs)ij + eijk

where Yijk refers to observations for dependent variables; p is the overall mean; Fi the
fixed effect of forage type (i), hay or mixed shrubs—grass rangeland); Hsj is the fixed effect
of hemp seeds (j), without or with hemp seeds); F x Hs is interactions between among
these factors; and eijk is the random effect of the residual. Significance between individual
mean was identified using Tukey’s multiple-range tests. Means were declared statistically
different when p < 0.05. All data were presented as means with a pooled standard error
of the mean estimates. To determine the Pearson correlation coefficients (r) between the
different milk variables (TAC, major FA content, fat-soluble vitamin content), we used the
CORR procedure of SAS.

3. Results
3.1. Forage and Concentrate Nutritive Characteristics

The chemical composition and the content of major FAs in the main species of shrubs
and grasses in the pasture, as well as of the other fodder used in the diet of the goats
(pasture hay, alfalfa hay, hemp seeds, and concentrates), are presented in Table 1 and
Table 2, respectively.

Table 1. Chemical composition and major fatty acids (FA) of mixed shrubs-grass rangeland consumed

by goats 1.
Chemical Composition (% on DM Basis) FA Major (% of Total FA)

DM Ccp EE NDF ADF C16:0  C18:22n-6 (LA) C18:3 n-3 (ALA)
(a) Shrubs and bushes
Rubinia pseudoacacia 416.51 22.82 4.72 49.53 37.66 22.54 17.31 46.29
Carpenus betulus 438.76 18.54 5.33 52.27 39.19 18.82 16.95 45.96
Prunus spinosa 438.62 12.31 5.09 41.25 38.22 18.34 16.59 42.65
Fagus sylvatica 415.58 15.78 6.83 50.32 40.40 24.85 20.72 41.87
Rosa canina 537.82 10.12 5.47 30.21 21.17 17.71 20.51 45.15
Rubus fructicosus 478.37 16.82 7.81 27.65 19.38 16.14 29.07 34.61
Wild blackberry 504.44 9.83 3.26 51.68 42.72 18.34 19.01 38.72
Crataegus monogyna 521.47 13.75 6.28 24.83 19.92 12.62 15.45 32.70
(b) Herbaceous species 358.72 16.18 342 49.86 35.64 23.91 24.68 40.57

1 n=4;DM: dry matter; CP: crude protein; EE: ether extract; NDF: neutral detergent fiber; ADF: acid detergent
fiber; c: cis; LA—linoleic acid; ALA—o-linolenic acid.

Hemp seed (Hs) had the highest CP content (254.8 g/kg DM), while hay (pasture hay
and alfalfa hay) had the highest content of NDF and ADE. Among the shrub species, acacia
(Rubinia pseudacacia), which was predominant in the pasture, had the highest CP content,
which was even higher than that of alfalfa hay (228.2 g/kg DM vs. 169.7 g/kg DM), while
the content of NDF and ADF was similar in the two feeds (Tables 1 and 2).

Pasture grass, shrubs, and hay were good sources of ALA, while the concentrate was
a rich source of LA. Hemp seeds had the highest crude fat content (33.11% of DM), and
were an important source of LA (54.80% of total FA) but also of ALA (18.63% of total FA).
The introduction of Hs in the concentrate mixture led to an increase in total PUFA content,
but especially ALA, by 2.5 times compared to the standard concentrate (9.47% vs. 3.88% of
total FA) (Table 2).

Table 2 reports the composition of the two types of concentrates used in goat feed.
The standard concentrate (concentrate C) was characterized by a higher inclusion of maize
grain (55.0 vs. 47.0% as fed, for concentrate C vs. concentrate Hs), rapeseed meal (21.0
vs. 11.0% as fed, for C vs. Hs), and sunflower meal (12.0 vs. 5.0% as fed, for concentrate
C vs. concentrate Hs), which were partially replaced by hemp seeds in the experimental
concentrate (concentrate Hs).
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Table 2. Chemical composition and fatty acid profile of feeds administered to goats.
Concentrates

Parameters Pasture Hay Alfalfa Hay Hemp Seed C Hs

Chemical composition (% on DM basis)

DM (%) 88.47 +1.27 9134 +1.73 91.16 + 1.11 90.21 +1.37 91.07 + 1.02

Crude protein (CP) 9.41 + 0.54 16.97 £ 0.75 2548 +1.12 16.66 £ 0.58 16.58 £ 0.71

Ether extract (EE) 1.83 £ 0.11 217 +£0.17 33.11 + 0.09 3.32+0.14 10.97 £ 0.28

NDF 54.72 +2.07 48.75 £ 1.90 33.84 £ 1.54 25.62 +1.12 26.16 + 1.17

ADF 32.63 + 0.54 34.18 4+ 0.61 21.76 +0.39 10.46 £+ 0.35 12.03 £ 0.26

NEL (M]/kg DM) ** 4.77 4.18 9.63 8.58 8.72

Fatty acids (% of total FA)

Total FA (g/kg DM) 12,51 £1.32 15.26 £+ 0.27 29741+ 114 35.55 + 1.28 102.49 £+ 2.58
C16:0 30.86 + 0.49 31.78 + 0.62 7.04 £+ 0.88 22.51 +0.38 18.19 £ 0.61
C18:0 3.23+0.17 10.07 £ 0.09 2.52 +0.07 273 +0.11 2.60 £ 0.18
C18:1 cis-9 (OA) 7.54 +£ 041 3.95+0.82 10.42 £ 0.29 24.77 + 0.69 20.68 + 0.77
C18:22n-6 (LA) 17.50 £+ 0.94 20.41 + 0.47 54.80 + 0.76 35.14 + 0.54 39.25 + 0.58
C18:3n-3 (ALA) 25.86 + 1.56 26.58 + 1.71 18.63 £ 1.26 3.88 £ 0.95 947 +1.17

Saturated FA 37.54 4+ 0.98 45.10 £ 1.43 10.23 £ 0.38 28.35 + 0.65 23.05 £+ 0.57

Monounsaturated FA 9.43 +0.18 426 +0.21 11.15 £ 043 27.82 +0.39 2293 +0.44

Polyunsaturated FA 53.03 &+ 2.07 50.64 + 2.81 78.61 +3.27 43.83 £2.12 54.02 + 1.82

LA: ALA 0.67 £ 0.07 0.76 £ 0.04 294 £ 0.11 9.06 £ 0.21 4.154+0.18

Concentrates ingredients (% as fed)

Maize grain 55.0 47.0
Triticale grain 10.0 10.0
Rapeseed meal 21.0 11.0
Sunflower meal 12.0 5.0
Hemp seed - 25.0
Premix mineral and vitaminic 2.0 2.0

C—concentrates without hemp seed; Hs—concentrates with hemp seed. ** NEL: net energy lactation, was
estimated in according NRC [25]. DM—dry matter; NDF—neutral detergent fiber; ADF—acid detergent fiber;
FA—fatty acid; OA—oleic acid; LA—linoleic acid; ALA—«-linolenic acid.

3.2. Daily Milk Yield and Composition

The milk production and chemical composition are shown in Table 3. Daily milk

production during the experimental period was higher (p < 0.01), and milk fat content
(p < 0.001) and total solids (p < 0.05) were lower. Goats that grazed on mixed shrubs—grass
(SG goats) gave on average lower yield of milk (milk ECM: energy-corrected milk; FPCM:
fat and protein-corrected milk), protein (p < 0.05), and lactose (p < 0.05) than hay-fed
goats (H goats) (Table 3). The urea content of milk was higher (p < 0.01) in SG than in H.
Supplementing the diet with Hs (groups H-Hs and SG-Hs) caused a significant increase in
daily milk production (p < 0.05), milk fat content (p < 0.001), and total solids (p < 0.05).

The dietary treatments tested in this study did not affect the content of protein, lactose,
or SNF (total solids non-fat) in milk (p > 0.05) (Table 3).

Table 3. Effect of diet type (H = hay, SG = shrubs—grass mixture) and diet supplementation with
hemp seed (Hs) on daily milk yield and composition (mean + S.E.).

Treatment Value
Item Hay (H) Shrubs-Grass (SG) p-value
H-C H-Hs SG-C SG-Hs F Hs F x Hs
Milk yield (kg/d)
Milk 1464 40132 1576 +£0.182 1.273+0.17°¢ 1.361+0.11° 0.008 0.041 0.124
FPCM 1397 £0.15¢  1.7214+0212 1316 +0.14¢ 1579 +0.16° 0.038  <0.001 0.048
ECM 1293 +0.23b 1584 £0.15% 1211 +0.13> 144340212 0.011 0.004 0.320
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Table 3. Cont.

Treatment lue *
Item Hay (H) Shrubs-Grass (SG) p-Value
H-C H-Hs SG-C SG-Hs F Hs F x Hs
Milk content
Fat (%) 330+£0.15° 42840122  392+0.18P  488+0062 <0.001 <0.001 0513
Protein (%) 3.14 £ 0.07 3.21 £ 0.09 3.09 £0.12 3.04 £0.08 0.078 0.212 0.172
Lactose (%) 4.51 £+ 0.02 447 + 0.05 4.45 + 0.02 4.39 + 0.03 0.165 0.084 0.441
SNF (%) 8.33 £ 0.08 8.38 £ 0.11 8.22 +0.14 8.14 + 0.09 0.112 0.093 0.276
Total solids (%) 11.63+0.12b 1266 +0212> 121440102 13.034+0.142 0.043  0.028 0.195
MUL (mg/dL) 2912 +£0.19% 2640 +0.16°¢ 373440222 3621+0202  0.009 0.085 0.372
Cholesterol (mg/100g) 1543 +0.32° 12.84 +£0.21b 10.21 £ 0.15¢ 892 +0.134 0.008 0.019 0.085
Yield (g/d):
Fat 48.31 + 0.65° 67.45 +0.882 4990 4+ 0.71 P 66.42 +0.542 0.102 <0.001 0.270
Protein 45.97 + 055" 50.59 + 0.74 2 39.34 +0.48¢ 4137 £040°¢ 0.047 0.029 0.041
Lactose 66.03 + 0.38 P 7045 +0492 56.65 + 0.33 ¢ 59.75 + 0.52 ¢ 0.039 0.090 0.075
Milk fat: protein 1.05+0.05¢ 1.33 £ 0.04° 1.27 +0.07° 1.61 £0.072 0.045 0.008 0.129

S.E.—standard error, T F—type of forage, Hs—hempseed, F x Hs. #P< = mean values within rows with different
superscripts differ at p < 0.05. FPCM: fat and protein-corrected milk; ECM: energy-corrected milk; SNF: total
solids non-fat; MUL: milk urea level.

The milk cholesterol concentration was lower in goats that had access to mixed shrubs-
grass rangeland compared to those fed indoors with hay-based diets (p < 0.01). The intro-
duction of Hs into the diet of goats had an effect of lowering the cholesterol concentration
in milk (p < 0.05).

3.3. Milk Fatty Acid Profile and Health Indices

Tables 4 and 5 show the FA content of milk fat according to dietary treatment. With
few exceptions, almost all milk FAs were significantly affected by the dietary treatments.
The main FAs in goat milk were C14:0, C16:0, C18:0, and C18:1c-9, each accounting for
more than 8% of total FAs. The type of basic feed did not influence the content of milk in
C14:0 and C18:1 ¢-9 (p > 0.05); instead, the concentration of C16:0 was higher in goats fed
indoors with hay (groups H), and the concentration of C18:0 was higher in goats fed on
mixed shrubs—grass. Feed supplementation with Hs decreased the content of C14:0 and
C16:0 and increased C18:0 and C18:1 ¢-9 in milk (p < 0.01) (Table 4).

Table 4. Effect of diet type (H = hay, SG = shrub—grass mixture) and diet supplementation with hemp
seed (Hs) on milk fatty acids (FA) composition (% of total FA) (mean + S.E.).

Treatment Value t
Item Hay (H) Shrubs-Grass (SG) p-vatue
H-C H-Hs SG-C SG-Hs F Hs F x Hs
Total FA (g/100 g fat milk) ~ 94.62 + 1.05 9459 + 1.16 94.76 +1.32 94.43 + 1.06 0.312 0.107 0.502
C4:0 1.87+£0.05° 203+0073 21140053  246+0.042 0.023 0.271 0.232
C6:0 2.42 +0.09 2.49 + 0.05 253 +0.11 2.35 + 0.10 0.321 0.064 0.425
C8:0 255+ 0.15 2.58 + 0.09 2.48 + 0.10 2614 0.12 0.126 0.297 0.572
C10:0 11.65+ 0412 1048 +£0.363> 907 +0.33P 7.88 +0.28 € 0.014 0.029 0.279
C10:1 cis-9 0224+0.022 0.18+0.033>  0.21+0.022 0.15 4+ 0.02b 0.571 0.043 0.042
C12:0 47240192  3734021P 434 +0.182 341+026P 0.302 0.003 0.488
C12:1 cis-9 0.07 &+ 0.003 0.05 + 0.005 0.08 & 0.004 0.05 + 0.002 0.129 0.038 0.234
C14:0 1138 £0.36% 9524 0.33°  11.02+0442 9414031° 0464  <0.001  0.453
C14:1 cis-9 0.19+0.022  0.12+0.042 0.14 £0.032 0.07 +0.02b 0.012 0.002 0.039
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Table 4. Cont.
Treatment +
Item Hay (H) Shrubs-Grass (SG) p-Value
H-C H-Hs SG-C SG-Hs F Hs F x Hs
C15:0 1.07+£0.042 0.88+0.03% 09240052 0.7540.03P 0.174 0.088 0.312
C15:1 0.39 + 0.03 0.36 + 0.02 0.37 + 0.02 0.32 +0.02 0.141 0.635 0.299
C16:0 273541072 2261 +139P 250441223 2082+1.15°¢  0.005 0.008 0.434
C16:1 cis-9 0.88 £0.022 052 4+0.04P 0.58 + 0.03 b 0.47 +0.02b 0.003 0.030 0.017
C17:0 0.78 £0.042 056 +0.032>  055+0.023  0.41+0.02P 0.005 0.037 0.201
C17:1 0.19 &+ 0.02 0.15 + 0.01 0.26 + 0.03 0.20 &+ 0.02 0.016 0.057 0.398
C18:0 7454 033> 10124+ 0542 1055+0352 119840392  <0.001  0.006 0.018
C18:1 trans-(6 + 7 + 8) 0.10+001P 018 +0.022 0.124+0.01P 0.23+0.012 0.053 0.035 0.172
C18:1 trans-9 0234+ 0.02> 026 +001° 0.30 +0.012 037 +£0.012 0.082 0.064 0.502
C18:1 trans-10 0.18+0.01¢  0.35+0.022 0.26 +0.02b 0.41 +0.032 0.165 0.006 0.457
C18:1 trans-11 (VA) 118 £0.11¢  2.08+0.09P 2544+ 0.15P 405+0212 <0001 <0.001  0.019
C18:1 cis-9 (OA) 1813+ 056 213440612 1865+ 048P 2001 +£0512® 0.075  <0.001  0.037
C18:1 cis-(12 + 13) 027 £0.02¢  0354+0.03P 0.41 4 0.022 0.48 +£0.042 0.024 0.039 0.348
C18:1 trans total 1.69+0.12¢ 287 4+0.19P 322 4+0.18P 506+ 0222 <0001 <0.001  0.012
C18:1 cis total 1840 £ 042 21.69+0362 19.06+041° 2049 +0.392>  0.010 0.005 0.027
C18:1 total 20.09 £092¢ 2456+ 0.862 22284+ 1.15P 2555+0.882  0.003 <0.001  0.047
C18:2 trans-9, trans-12 0.21 £+ 0.02 0.20 £ 0.04 0.22 +0.03 0.22 £+ 0.02 0.515 0.367 0.187
C18:2 cis-9, cis-12 (LA) 2714009 34240112 3.48 +£0.182 3.95+0.10 0.012 0.033 0.223
CLA total 1.08 £0.04¢  1.60 4 0.07P 1.47 +0.05P 241 40.092 0.003  <0.001  0.091
CLA cis-9, trans-11 (RA) 097 +£0.04¢ 148 +0.07P 137 +£0.05P 229 +0.082 0.007  <0.001  0.017
CLA trans-10, cis-12 0.11 +0.01 0.12 + 0.02 0.10 & 0.01 0.12 + 0.01 0.083 0.131 0.040
C18:3 cis-6, cis-9, cis-12 0.05 + 0.007 0.06 + 0.008 0.07 & 0.01 0.06 + 0.009 0.232 0.091 0.118
C18:3 ¢-9, c-12, c-15 (ALA) 1.03+0.08¢ 1764+ 0.11P 1.42 +0.09P 232 +0.132 0.005 <0.001  0.013
C20:0 0.16 £0.03¢ 024 +0.02P 030+0.023 03940022 0.009 0.007 0.161
C20:4 n-6 (AA) 0.23 + 0.02 0.22 + 0.03 0.26 &+ 0.02 0.24 + 0.02 0.211 0.364 0.499
C20:5 n-3 (EPA) 0.0540.006¢ 011 £0.01° 0.12+0.01b 0.20 +0.022 0.004 0.008 0.271
C22:0 0.02 + 0.002 0.03 & 0.001 0.02 £ 0.001 0.02 & 0.001 0.247 0.158 0.429
C22:5n-3 (DPA) 0.094+0.001¢ 020+ 0.002° 0.16+0.002b 028+0.0022  0.036 0.007 0.288
Unidentified fatty acids 1.09 £ 0.03 1.22 + 0.04 0.98 + 0.03 1.02 £ 0.03 0.217 0.112 0.324

S.E.—standard error, T F—type of forage, Hs—hempseed, F x Hs. *"¢ = mean values within rows with dif-
ferent superscripts differ at p < 0.05. VA: vaccenic acid; OA: oleic acid; LA: linoleic acid; CLA: conjugated
linoleic acid; RA: rumenic acid; ALA: x-linolenic acid; AA: arachidonic acid; EPA: eicosapentaenoic acid; DPA:
docosapentaenoic acid.

Goats that grazed on mixed shrubs—grass produced, on average, milk with a lower
concentration of medium-chain FAs (C10:0, C16:0, p < 0.05) and a higher concentration
of C18:0 (p < 0.001), C18:1 t-11 (p < 0.001), C18:2 n-6 (p < 0.05), CLA c-9,t-11 (p < 0.01),
C18:3 n-3 (p < 0.01), C20:5 n-3 (p < 0.01), and C22:5 n-3 (p < 0.05) than goats fed hay. The
introduction of Hs into the diet of goats resulted in a lower proportion of medium-chain
FAs in milk fat (C10:0, C12:0, C14:0, C16:0) and a higher proportion of C18:0 (p < 0.01),
C18:1 t-11 (p < 0.001), C18:1 c-9 (p < 0.001), C18:2 n-6 (p < 0.05), CLA c-9,t-11 (p < 0.001),
C18:3 n-3 (p < 0.001), C20:5 n-3 (p < 0.01), and C22:5 n-3 (p < 0.01) compared to goats fed
the standard concentrate mixture (Table 4).

Grazing, compared to indoor feeding but also supplementing the diet with Hs, had
the effect of decreasing the proportion of SFAs and increasing PUFA concentrations in goat
milk fat (p < 0.01). Thus, the milk with the lowest proportion of SFAs (62.49% of total FAs)
and the highest concentration of PUFAs (9.67% of total FAs) was obtained from goats that
grazed on pastures dominated by shrubs and bushes and whose diet was supplemented
with Hs (SG-Hs group) (Table 5). The proportion of FAs with a hypercholesterolemic effect
(HFA =12:0 + 14:0 + 16:0) in milk fat was lower (p < 0.05), and the proportion of FA with a
hypocholesterolemic effect (hFA = C18:1 cis + PUFA) was higher (p < 0.01) in SG goats than
in H goats and in goats supplemented with Hs than in those that received the standard
concentrate (Table 5). Thus, the lowest concentration of HFA (33.64% of total FA) and
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the highest concentration of hFA (30.16% of total FA) was found in goats that grazed and
received a daily supplement of 200 g Hs (SG-Hs group), respectively.

Table 5. Effect of diet type (H = hay, SG = shrubs—grass mixture) and diet supplementation with
hemp seed (Hs) on milk fatty acid sums (% of total FA) (mean + S.E.).

Treatment lue t
Item Hay (H) Shrubs—Grass (SG) p-Value
H-C H-Hs SG-C SG-Hs F Hs F x Hs

¥ SFA 7142 +1.782 65.27 +1.23b 68.93 +1.19 2P 62.49 4+ 1.08 ¢ 0.006  <0.001 0.527
¥ MUFA 22.03 +£1.13P 2594 +1.252 2289 +1.41° 26.81 +1.072 0.357 0.002 0.139
Y. trans total 248 4+ 0.09 ¢ 358+ 0.12° 407 £0.10° 5.80 4+ 0.142 0.007 0.032 0.016
¥ trans MUFA 227 40.11°¢ 3.38 4+ 0.07° 3.85+0.12b 5.58 4+ 0.10 2 0.005 0.009 0.218
¥ cis MUFA 19.76 + 0.85 2256 +£1.152 20.07 £ 0.90 ® 21.23 + 1.07 2 0.063 0.004 0.014
Y. PUFA 5454 0.21°¢ 7.57 +£033P 7204+ 0.27° 9.67 +0.412 0.007  <0.001 0.272
¥ n-6 PUFA ! 299 +0.10" 3.70 £ 0.14 2 3.81 +0.152 425+0.102 0.033 0.011 0.163
¥ n-3 PUFA 2 1.17 + 0.08 2.07 £0.102b 1.70 + 0.09 b 281 +0122 0.005  <0.001 0.295
¥ UFA 27.48 +1.08 ¢ 33.51 4+ 1.29 2 30.09 +1.14° 36.48 +1.572 0.002  <0.001 0.063
¥ trans FA + SFA 7390 +1.782 68.85 + 1.16 P 73.00 + 1.272 68.29 + 1.06 P 0.103  <0.001 0.186
Y cis FA 3 2392 +1.25P 28.42 +£1.072 2558 4+ 1.52b 28.28 +1.18 2 0.027  <0.001 0.031
HFA 43.45 + 0.97 2 35.86 4+ 1.13 ¢ 40.40 +1.07° 33.64 £0.88° 0.012  <0.001 0.055
hFA 23.85+1.18 ¢ 2926 +£1.312 2626 £1.11° 30.16 +£1.142 0.003  <0.001 0.021
Product/substrate ratios (A9 desaturase activity):

A9C14 0.016 + 0.002 2 0.012 4 0.001 2 0.012 4 0.004 2 0.007 + 0.002 ® 0.087 0.006 0.042

A9C16 0.031 £ 0.004 2 0.022 + 0.007 b 0.023 4 0.005 P 0.022 + 0.004 ® 0.262 0.028 0.044

A9C18 0.709 4 0.04 2 0.678 +0.03 2 0.638 +0.02P 0.625 4+ 0.03 P 0.014 0.152 0.309

RA/RA + VA 0.451 +0.032 0.416 & 0.07 2 0.350 + 0.02° 0.361 4 0.05P 0.175 0.091 0.152

A%—desaturase index (DI) 0.299 + 0.01 0.346 4 0.01 0.297 + 0.03 0.331 £ 0.02 0.166 0.014 0.297

S.E.—standard error, T F—type of forage, Hs—hempseed, F x Hs. *P< = mean values within rows with different
superscripts differ at p < 0.05. HFA: hypercholesterolemic FA (C12:0 + C14:0 + C16:0); hFA: hypocholesterolemic
FA (cis-C18:1 + PUFA); ! Sum of 18:2 cis-9, cis-12; 18:3 cis-6, cis-9, cis-12; 20:4 n-6, and 22:6 n-6. > Sum of 18:3 cis-9,
cis-12, cis-15; 20:5 n-3 (EPA); 22:5 n-3 (DPA);  Sum of cis-MUFA and cis-PUFA.

Dietary supplementation with Hs induced an overall increase in C18:1 frans and CLA
¢-9,t-11; however, the response to Hs supplementation varied according to the type of
forage in the diet, with greater increases in grazing goats than in hay-fed goats (p < 0.05).
Higher proportions of healthy FAs (VA, CLA, ALA, EPA, and DPA) were found in the milk
fat of pastured goats than those fed indoors with hay, but also in goats that received Hs in
feed compared to those that received the standard concentrate (Figure 1). Thus, the highest
concentrations of healthy FAs in milk fat were obtained in SG-Hs goats (% of total FA):
VA—4.05%; CLA ¢-9,t-11—2.29%; ALA—2.32%; EPA—0.20%; and DPA—0.28% (Table 4).
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Figure 1. The effect of the diet based on hay (H) or shrub—grass mixture (SG) with hemp seeds (H-Hs
and SG-Hs) and without (H-C and SG-C) on the bioactive FA content of milk fat. Inside each bar:
C18:1 trans-11 (white area); C18:2 cis-9, cis-12 (gray area); CLA cis-9, trans-11 (line area); C18:3 cis-9,
cis-12, cis-15 (dotted area); C20:5 n-3 + C22:5 n-3 (black area); a,b,c = between bars the letter within
the same colour differ at p < 0.05.
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Significant interactions between the type of dietary staple and dietary Hs supplemen-
tation were identified for C18:0, C18:1 t-11, C18:1 c-9, CLA c-9,t-11, and C18:3 n-3 content
(p < 005) (Table 4) but also for cis-total FA and hypocholesterolemic FA (p < 0.05) (Table 5).

The n-6/n-3 FA ratio and atherogenicity indices (Al) and thrombogenicity indices (TI) were
significantly lower in the milk of SG goats compared to milk obtained from H goats, but also in
goats that received Hs compared to those that received the standard concentrate (Figure 2).
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Figure 2. The effect of the diet based on hay (H) or shrubs—grass mixture (SG) with hemp seeds
(H-Hs and SG-Hs) and without (H-C and SG-C) on the health-related lipid indices of milk. Inside
each bar: n-6/n-3 FA (white area); Al (atherogenic index) (gray area); TI (thrombogenicity index)
(lines area); NVI (nutritive value indices) (dotted area); a,b,c = between bars the letter within the
same colour differ at p < 0.05.

The best values for the ratio of n-6/n-3 FA, Al, and TI, from the point of view of
human health, were found in the milk of SG-Hs goats, and the worst values were found in
conventionally produced milk (H-C: goats fed hay and standard concentrate). In addition,
when goat grazed on mixed shrubs—grass rangeland and supplemented the diet with Hs,
respectively, the h/H FA ratio (C18:1 cis + PUFA /12:0 + 14:0 + 16:0) in milk was significantly
improved (Table 6).

Table 6. Effect of diet type (H = hay, SG = shrubs—grass mixture) and diet supplementation with
hemp seed (Hs) on goat milk health and risk indices (mean + S.E.).

Treatment lue *
Item Hay (H) Shrubs-Grass (SG) p-Value
H-C H-Hs SG-C SG-Hs F Hs F x Hs

PUFA /SFA 0.076 +0.009> 0116 £0.0172  0.104 +£0.0113>  0.1554+0.0082  <0.001 <0.001  0.067
HFA/UFA 15814+ 0.0712  1.070 £ 0.064° 1343 +0.087b  0922+0.107¢  0.043 <0.001  0.521
n-6/n-3 FA 255+ 0.0922 1.79 + 0.071 b 2.24 4+0.107 2 15140057 0023 <0001 0.136
Al 2.82+0.1232 1.92 +0.094 b 244 4+0.1412 170 £ 0.086>  0.018 <0.001  0.072
TI 241401742 1.69 + 0.110P 2.11+0.1672 1.01 +0.073 0.039 <0.001  0.033
h/H FA 0.549 + 0.035¢  0.816 +0.0462  0.650 + 0.071>  0.897 £0.0552  0.041 <0.001  0.264
LA/ALA 2.63 +0.3942 1.94 +0.253 b 245403022 170 £0.178>  0.085 0.007  0.138
OA/PA 0.663 +0.173P 0944 £0.091®  0.745+0.107° 0961 4+0.0922  0.028 <0.001  0.025
HPI 0.338 +0.027P 0492 +0.0202 0387 +£0.031>  05474+0.0282 0012 0.006  0.224
NVI 1.01 + 0.093 © 1.53 + 0.062 2P 1.31 +0.071b 1.80 + 0.082 2 0.040  0.002 0321
PI 477 +£0.740 € 6.94 +0.861° 6.32 +0.728 > 859 +05112  <0.001 0.036  0.209
DFA 3493 +2107° 43.63+1.6767°  40.64 +2219P 4846 +1.8752  0.008 <0.001  0.063

S.E.—standard error, ¥ F—type of forage, Hs—hempseed, F x Hs. ** = mean values within rows with dif-
ferent superscripts differ at p < 0.05.PUFA: polyunsaturated FA; SFA: saturated FA; HFA: hypercholestero-
laemic FA; UFA: unsaturated fatty acid; Al: atherogenicity index; TI: thrombogenicity index; h/H (hypocholes-
terolemic/hypercholesterolemic ratio); LA: linoleic acid (C18:2 n-6); ALA: x-linolenic acid (C18:3 n-3); OA:
oleic acid (C18:1 ¢9); PA: palmitic acid (C16:0); HPI: health-promoting index; NVI: nutritive value indices; PI:
polyunsaturated index; DFA: desirable FA.
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Higher values of HPI (health-promoting index), NVI (nutritive value indices), PI
(polyunsaturation index), and DFA (desirable FA) were found in SG milk compared to
H, and the supplementation of diets with Hs significantly (p < 0.01) increased their value,
reflecting an improvement in the quality of milk fat in terms of the effect on human health.

3.4. Vitamins Content and Antioxidant Activity of Milk

The content of milk in «-tocopherol and retinol was significantly higher in the SG
group compared to the H group (p < 0.01), both for raw and pasteurized milk (Table 7) and
for stored milk (Figure 3). Supplementing the diet with Hs increased «-tocopherol concen-
trations and TAC value in milk. The concentrations of these vitamins («-tocopherol and
retinol) in milk were negatively affected by the time the milk was stored in the refrigerator.

Table 7. Levels of fat-soluble vitamins and total antioxidant capacity (TAC) in milk (raw: R, pasteur-
ized: P and stored: S) from goats (mean + S.E.).

Treatment p-Value +
Item Hay (H) Shrubs-Grass (SG)
H-C H-Hs SG-C SG-Hs F Hs F x Hs
x-tocopherol (g/g) R 0.87 +£0.131 <A 136 £0247°4  1734£0.103%A  245+£0.15924 0005  0.008 0.151
S 0.65 + 0.114 B 0.94 4+ 0.231 bB 1.36 + 0.259 2bB 1.88 + 0.186 2B 0.006  0.004 0.089
Retinol (1ig/g) R 0.58 + 0.072 bA 0.63 & 0.095 b2 0.86 & 0.104 24 0.85+0.0702~  0.009  0.257 0.385
S 0.45 + 0.055 bB 0.50 + 0.078 bB 0.72 4 0.091 2B 0.70 & 0.086 2B 0.003  0.077 0.218
R 3.47 4 0.304 b2 3.91 4+ 0.462 b4 3.72 +0.351 bA 428 +£02562A  0.024  0.008 0.044
TAC (uM TE/mL) P 3.39 4 0.296 bA 3.78 4+ 0.266 PA 3.68 + 0.295 bA 407 £04522A  0.037  0.041 0.307
S 2.62 4 0.291 bB 3.05 4 0.174 2B 3.16 + 0.247 2B 341 +0.31128 0.007  0.029 0.077

S.E.—standard error, F—type of forage, Hs—hempseed, F x Hs. abe = mean values within rows with different
superscripts differ at p < 0.05. B = Mean values within a column without a common superscript corresponding
to a parameter (R vs. S) differ significantly (p < 0.05).

——

s H-C |H-Hs SG-C | SC-Hs
1 a
05 ab
5 d b
0
H-C H-Hs SG-C SG-Hs
Fat-soluble vitamins (ug/g) TAC (uM TE/mL)

Figure 3. The effect of the diet based on hay (H) or shrubs-grass mixture (SG) with hemp seeds (H-Hs
and SG-Hs) and without (H-C and SG-C) on the soluble vitamins content (x-tocopherol: with white
color on bar; retinol: black area on bar) and antioxidant capacity (TAC) of milk stored for 4 days at
2 °C. a,b,c = between bars the letter within the same colour differ at p < 0.05.

The value of the total antioxidant capacity (TAC) of milk was higher for milk obtained
from grazing goats than for those fed indoors with hay (SG > H), as well as for those
supplemented with Hs, so the highest TAC value was obtained in SG-Hs goats (4.28 pM
Trolox equivalents/mL milk) (Table 7; Figure 3). The pasteurization of milk did not
change the TAC value of milk, while storing milk for 4 days in the refrigerator reduced the
antioxidant activity of milk.

Pearson’s correlation showed that C18:3 n-3 was positively correlated with the total
C18:1 (r=0.759, p < 0.001), C18:1 t-11 (r = 0.883, p < 0.001), CLA ¢-9,t-11 (r = 0.906, p < 0.001),
retinol (r = 0.474, p < 0.01), and «-tocopherol (r = 0.815, p < 0.001). On the other hand, TAC
was negatively correlated with the concentration of C18:3 n-3 (r = 0.528; p < 0.001) and
C18:2 n-6 (r = 0.380, p < 0.01) and positively correlated with the retinol content of milk
(r=0.358, p < 0.01) and a-tocopherol (r = 0.615, p < 0.001) for all types of milk (Table 8).
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Table 8. Pearson correlation coefficients between total antioxidant capacity (TAC, uM TE/mL),
concentrations of major FA (% of total FA) in milk and fat-soluble vitamins content (ug/g) in milk in
goats fed hay-based diets or mixed shrubs-grass rangeland, supplemented or not with hemp seeds.

s o = © 1o :, —
[=} J 1 é é - =1
= o o o o @ ) £
= = B ] ]
2 5 5 5 5 < 2
)
C18:1 total —0.151
C18:1 c-9 (OA) 0.055 0.521 ***
C18: t-11 (VA) 0.009 0.695 *** 0.233 *
C18:2n-6 (LA) —0.380 ** 0.612 *** 0.273 * 0.837 ***
C18:3 n-3 (ALA) —0.528 *** 0.759 *** 0.389 ** 0.883 *** 0.755 ***
CLA c-9t-11 (RA) —0.015 0.714 *** 0.412 ** 0.923 *** 0.780 *** 0.906 ***
retinol 0.358 ** 0.369 ** 0.002 0.683 *** 0.584 *** 0.474 ** 0.555 ***
a-tocopherol 0.615 *** 0.596 *** 0.253 * 0.948 *** 0.859 *** 0.815 *** 0.888 *** 0.736 ***

*p <0.05; % p <0.01 **p <0.001.

The milk content in bioactive FA (VA, CLA c-9 t-11, n-3 FA, and n-6 FA), fat-soluble
vitamins and TAC were analyzed by PCA (principal component analysis) in Unscrambler.
This combination of PCs was selected because it allowed the best separation of groups
(Figures 4 and 5). In this loading plot, it can be observed that SG-Hs milk had the highest
concentration of n-3 FA, CLA c9,t11, VA, and fat-soluble vitamins and a higher antioxidant
activity, which is confirmed in Tables 4, 5 and 7. In addition, the loadings for PC2 divide the
H-Hs and SG-C milk, showing positive loadings for supplementing the diet with Hs and
negative loadings for the use of mixed shrubs—grass rangeland with standard concentrate.
In the loading of the correlation graph (Figure 5), it can be see that the milk content
in VA, CLA ¢9,t11, n-3 FA, n-6 FA, and tocopherol could be identified as factors which
contributed more significantly to the variation between milk samples, via the PC2 vector.
The distribution and correlation between the milk content in bioactive FA, antioxidants,
and the TAC of milk were confirmed by statistical analysis (Table 8).

T T T L] T T T T
C18:1.¢9 (0A)
€18:1 total
2r H-Hs E
n3FA
H-C ° CLA c9 SG-Hs
oz g
6 PR
S 18: 11
o a-tocopherol
2F J
4k retinol A
[fac

PC1
[Edrc T nAs[_isec [_Js6Hs|

Figure 4. Principal component analysis (PCA) loading plot which presents the relationship between
milk content in bioactive fatty acids, antioxidants, and antioxidant capacity of milk.
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Figure 5. Score and loading plot of principal component analysis (PCA) for the PC1 (first principal
component) vs. PC2 (second principal component) vs. PC3 (third principal component) of bioactive
compounds and antioxidant capacity of milk, which show the separation of SG-Hs milk to H-C, SG-C,
and H-Hs milk.

4. Discussion
4.1. Milk Yield and Components

In the present research, milk production was lower than that of other breeds of
dairy goats but close to that reported in the literature for goats from the local Carpathian
breed [7,12,28]. The milk fat, protein, and lactose contents were similar to those reported
by Anghel et al. [28] for goats of the same breed but with very different diets. Thus, neither
mixed shrubs-grass rangeland nor Hs dietary supplementation negatively affect milk
production and composition in Carpathian goats.

Even though the nutritional quality of the pasture (mixed shrubs—grass rangeland) was
slightly better than that of hay (Tables 1 and 2), milk production was lower in SG than in H
(Table 3). Thus, the most important factor driving differences in milk production between
SG and H would be energy expenditure for locomotion on pasture. Based on walking
distances, Steinshamn et al. [18] calculated that goats grazing on woodland rangeland
expended an average of 5.8 to 9.0 MJ NEL daily for locomotion. In addition, woody
pastures often contain high amounts of tannins, which can reduce feed digestibility and
utilization [18].

The higher fat content of SG milk than H may be due to lower milk production in SG
goats, which lead to an increase in the level of components in milk [7]. On the other hand,
it may be due to the mobilization of body fat in SG goats due to a lower energy balance in
the diet. In this regard, relevant studies have shown that there is a correlation between the
lower energy balance of the diet and the high fat content of goat milk [18,29].

The study previously carried out by Min et al. [30] also found a similar milk protein
content but lower milk urea content in grazing goats than hay-fed goats. In the present
study, the higher milk urea content in SG than in H indicates that the balance between
energy and protein for milk protein synthesis was probably more optimal in goats fed
with hay than those fed on pasture. Contrary to the results obtained in this study, Bodnar
etal. [31] concluded that grazing goats on a native-grass-only pasture had a beneficial effect
on milk protein content and milk-to-cheese efficiency compared to goats fed indoors with
canned forage.

In the present study, milk production and milk fat and total solids content increased
when goats were fed Hs-supplemented diets (Table 3), in agreement with the results
previously obtained by Mierlita [11,13] in dairy sheep. Cremonesi et al. [32] reported
that the introduction of hemp seeds into the diets of goats (9.4% of DM) did not change
milk production; instead, the milk fat content increased significantly (from 2.84 to 3.55%).
Similarly, Emami et al. [33] found that supplementing goat diets with 2.5% pomegranate or
linseed oil increased milk fat content.
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The FA profile of milk fat is majorly influenced by the degradability rate of dietary fat
in the rumen. In this regard, oilseeds with a high ruminal degradability (e.g., rapeseed)
negatively affect milk fat content, unlike oilseeds that have a low ruminal degradability
(e.g., flaxseed) [34]. Therefore, it can be assumed that hemp seeds have a low ruminal
degradability and slowly release unsaturated FAs in the rumen, reducing the amount of
FAs transformed in the rumen via biohydrogenation, favoring the increase in milk fat [35].

Dietary supplementation with Hs did not affect milk protein content (Table 3), which
is in agreement with other reports [36,37] but different from the results reported by Cozma
et al. [12], where supplementing the diet with hemp oil had a positive effect.

In the present study, dietary supplementation with Hs led to a significant decrease in
milk cholesterol levels (Table 3), contrary to Cozma et al. [12], who reported that dietary
supplementation with hemp oil had no influence on the concentration of cholesterol in goat
milk. Results similar to those obtained in this study were reported in Holstein cows, when
dietary supplementation with vegetable oil (soybean oil, rapeseed 0il) decreased the milk
cholesterol concentration [38].

4.2. Fatty Acid Composition of Milk

Although many studies in the literature have shown that grazing increases milk
MUFAs and PUFAs and decreases SFAs compared to hay feeding [11,13,18,19,39,40], in
the present study, the proportion of MUFA in milk was not affected by the type of basic
forage in the goats” diets (Tables 4 and 5). The difference could be explained by the good
quality of the hay diet, which included concentrates and induced a healthier fatty acid
profile in the milk fat [41]. Similar to the results obtained in this study, De Lucena et al. [42]
found a higher proportion of UFA and lower SFA in the milk of goats fed tannin-rich diets,
because tannins from woody pastures reduced FA biohydrogenation in the rumen. In
addition, it is known that increasing the flow of unsaturated FAs into the mammary gland
reduces the proportion of short- and medium-chain saturated FAs in milk fat by reducing
acetyl-CoA carboxylase activity [43]. The presence of tannins in woody pastures probably
affected nutrient absorption and minimized de novo FA synthesis in the mammary gland,
accentuating the mobilization of FA from adipose tissue in the goats’ bodies [10]. Thus, the
milk of SG goats had lower concentrations of short- and medium-chain FAs (mainly C16:0)
and increased proportions of long-chain FAs, mainly C18:0 and C18:1, which originate from
adipose tissue mobilized from the body [10].

Grazing is known to increase the concentration of FAs that have positive effects on
human health (in particular, C18:1 t-11, CLA c-9,t-11, and n-3 FA) in milk fat [11,13,18,19].
In the present study, the higher proportion of healthy FAs (C18:1 t-11, CLA ¢-9,t-11, C18:3
n-3, C20:5 n-3, and C22:5 n-3) in milk produced in SG than in H can be explained by a
higher supply of precursors (C18:2 n-6 and C18:3 n-3) present in the pasture (shrubs—grass
mixed pasture) than in hay. In addition, the high content of tannins in woody pastures
affects the biohydrogenation processes of dietary FA in the rumen. For example, the high
content of tannins from woody pastures caused an increase in the proportion of LA and
ALA in sheep milk [44]. The alteration of the ruminal biohydrogenation process due to
tannins from woody pastures could also explain the higher concentration of long-chain n-3
FA (EPA and DPA) resulting from the conversion of dietary ALA (C18:3 n-3) [45].

Although grazing increases the intake of UFA and mainly PUFA [39,40], in our study,
SG goats had a higher content of C18:0 and similar MUFA content in milk fat with H goats,
particularly as a result of higher C18:1 in the milk of SG goats (Tables 4 and 5). Previous
studies reported a higher rate of FA biohydrogenation (C18:1 — C18:0) for fresh feed [46],
which negates the effect of higher PUFA consumption in SG goats. A higher amount of
substrate (C18:0) determined a higher proportion of C18:1 in the milk of SG goats due
to the fact that a part of C18:0 through A9-desaturase activity is converted to C18:1 [39].
The higher proportion of C18:0 in SG milk than in H milk could also be explained by the
lower desaturation of C18:0 into C18:1 in the mammary gland, as shown by A9C18 activity
(Table 5).
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The content of RA (rumenic acid) was higher in the milk of pasture-fed goats, which
agreed with the results reported by Decandia et al. [47], who found a higher RA in the
milk of goats grazing on a shrub-dominated pasture than in the milk of goats fed indoors
with canned forage. Grazing has been shown to significantly improve the development of
rumen bacteria (such as Butyrivibrio fibrisolvens), with a positive effect on the production of
VA and CLA isomers [39]. VA is converted to RA (CLA c¢-9,t-11) by A9-desaturase in the
mammary gland and some human tissues [48].

The milk of goats supplemented with Hs (H-Hs and SG-Hs) had lower proportions of
SFA (mainly FAs with atherogenic effects: 12:0, 14:0, and 16:0) and higher concentrations of
MUFAs (mainly 18:1 ¢-9 and 18:1 t-11) and PUFAs (mainly RA and ALA) than the milk of
the groups that received a standard concentrate (Tables 4 and 5), as reported by previous
studies, when the goats’ diet was supplemented with hemp oil [11] or linseed [37,49].

Supplementation of the diet with Hs decreased the proportion of de novo synthesized
FA (C10:0, C12:0, C14:0, and C16:0) in milk fat, as the increased amount of long-chain FAs
reduced the activity of acetyl -CoA carboxylase in the mammary gland [50].

The high proportion of MUFA found in the milk fat of goats supplemented with Hs
can be related to the higher intake of LA from Hs, which, through rumen biohydrogenation,
led to a significant increase in the proportion of oleic acid (C18:1 ¢-9, p < 0.001). On the other
hand, the high biohydrogenation of dietary C18:2 n-6 in the rumen in goats supplemented
with Hs is also supported by the higher proportion of C18:0 compared to milk from goats
that did not receive Hs feed (H-C and SG-C groups) (p < 0.001).

The higher level of PUFA in the milk of goats supplemented with Hs was due to the
higher levels of LA and ALA in Hs (Table 2). The high proportion of ALA in Hs ensured
higher concentrations of n-3 FAs (ALA, EPA, and DHA) in milk fat. The concentration of
ALA found in goat milk in our research was considerably higher (1.42% of total FA) than
the value reported by Zan et al. [51] (0.88%) in goats grazing on alpine pasture, but the total
number of FAs identified in their study was higher. However, Cozma et al. [12] reported
that dietary supplementation of goats with 4.7% hemp oil did not affect the concentration of
ALA in milk fat. The lack of an increase in the concentration of ALA in milk fat compared
to the present study could be attributed to the fact that ALA was provided in the form of
oil (a free form) that was vulnerable to rumen biohydrogenation.

Hemp seeds, due to their high content of ALA (18.63% of total FA) compared to other
vegetable oils (<9%, except for linseed [6]), ensured a high content of n-3 FAs (ALA, EPA,
and DPA) in goat’s milk, which have beneficial effects on human health. ALA in ruminant
feed, mainly in the mammary gland, undergoes a series of elongation and desaturation
reactions, leading to the formation of long-chain PUFAs (EPA, DPA, and DHA) [2]. The
high LA and ALA content of Hs (Table 2) probably contributed to the higher proportion of
VA and CLA ¢-9,t-11 (RA, rumenic acid) in milk fat. In fact, RA comes from the ruminal
biohydrogenation of dietary LA and ALA but also from the endogenous synthesis carried
out in the mammary gland via A9-desaturase, starting from VA. However, A9-desaturase
activity (calculated as product/product + substrate) did not change significantly in the
Hs-supplemented groups (Table 5), probably due to the increased availability of PUFA in
the mammary gland [29]. Thus, we can speculate that the higher concentration of CLA
¢-9,t-11 in the milk of goats supplemented with Hs is due to the higher intake of the two
precursors (C18:2 n-6 and C18:3 n-3) that were biohydrogenated in the rumen. In addition,
fats containing large amounts of C18:2 n-6 and C18:3 n-3, as is also the case with Hs,
have an inhibitory effect on cellulolytic bacteria in the rumen [52], reducing the process
of biohydrogenation of the two unsaturated FAs, and thus could positively influence the
levels of rumen biohydrogenation intermediates in milk.

The A9-desaturase activity (A9C14 and A9C16) decreased significantly when goats
were fed Hs-supplemented diets, while the desaturase index (DI) increased compared
to unsupplemented diets (Table 5). A reduction in A9-desaturase and an increase in
DI were observed in goats supplemented with linseed or soybean oil [53] and in sheep
supplemented with hemp seed or hempseed cake [11].
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In this study, the positive correlation of ALA with total C18:1, C18:1 t-11, and CLA
¢-9,t-11 confirms its biohydrogenation to C18:1 trans isomers. In addition, the correlation of
ALA with C18:1 ¢-9 and CLA ¢-9,t-11 suggests their formation via the desaturation of C18:0
in the mammary gland.

4.3. Health-Related Lipid Indices

The sanogenic lipid indices of milk fats found in the current study fell within the
values presented in the specialized literature for goat milk [45]. The quality of milk fat is
frequently evaluated based on the PUFA /SFA ratio, which should have a value above 0.45
for the prevention of cardiovascular disease and other chronic diseases [54]. In the present
study, using mixed shrubs—grass rangeland but also supplementing the diet with Hs led to
a significant increase (p < 0.001) in the PUFA /SFA ratio in milk. However, the values of the
PUFA /SFA ratio were much lower than those recommended for the human diet (0.07-0.15)
(Table 6).

Nutritionists recommend foods with a low n-6/n-3 FA ratio to reduce the risk of
hypertension, cardiovascular disease, diabetes, and cancer in humans [55]. In the current
study, the n-6/n-3 FA ratio of goat milk was within the recommended values (<4) for human
health in all treatment groups, but the best values were obtained in goats supplemented
with Hs.

The atherogenic index (AI) describes the relationship between SFAs, which are con-
sidered pro-atherogenic, and UFAs, which are considered anti-atherogenic. The thrombo-
genicity index (TI) assesses the propensity of FA to form clots in blood vessels. Al and TI
values lower than three are considered beneficial for human health [55]. In the present
study, all milk samples fell within the recommended value; the lowest values for Al and
TI were found in SG-Hs milk (goats that grazed and whose diets were supplemented
with Hs), and the highest values were found in conventionally produced milk (H-C: goats
were fed hay and standard concentrates). In agreement with the current study, De Lucena
et al. [52] reported a decrease in Al and TI in goat milk when the diet was high in tannins
(28 g tannins per kg DM); woody pastures are known for their high tannin content. The
health-promoting index (HPI) is considered the inverse of TI, so milk with a high HPI value
is healthier for humans [54]. In the present study, higher HPI values were found in SG milk,
and these were within the range reported by Claps et al. [56] (0.34-0.45) for pasture-raised
goat milk. The supplementation of diets with Hs significantly increased (p < 0.01) the HPI
value (0.49-0.54).

The h/H FA ratio describes the relationship between FAs with a hypocholesterolemic
effect and those with a hypercholesterolemic effect, so high values for this ratio are desirable.
A higher h/H ratio was found in the milk of goats supplemented with Hs. In our study, the
h/H FA ratio was in accordance with the results previously published by Chen and Liu [54]
and Bodnar et al. [31], who found higher values for milk obtained on pastures consisting
of different herbaceous species compared to milk obtained indoors with diets based on
canned forages. The desirable FA (DFA) represents the sum of anti-atherogenic fatty acids
(UFAs + C18:0) that lower plasma cholesterol and triacylglycerols [54]. Thus, higher values
are preferred for DFA. Higher values for DFA were found in the milk produced by SG goats
(p < 0.01) but also when the goats” diet was supplemented with Hs (p < 0.001) (Table 6).

4.4. Fat-Soluble Vitamins and Antioxidant Capacity

Natural antioxidants in milk are important for human health because they can neu-
tralize and eliminate free radicals and their harmful effects [57]. Uncontrolled free radicals
can lead to atherosclerosis, cardiovascular disease, diabetes, cancer, and the breakdown of
some biochemical compounds in the diet. The results of this study showed that SG milk has
a higher content (p < 0.01) of natural antioxidants (x-tocopherol and retinol) than H milk
(Table 7). These results agree with those previously reported by Delgado-Pertinez et al. [46]
regarding the a-tocopherol content of milk obtained from goats grazing on Mediterranean
shrublands, although in our study, the values were higher, probably due to the different
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botanical composition of the mixed shrubs—grass rangeland, the vegetation stage of the
plants, and probably differences in the leaf:stem ratio or environmental factors. The lower
content of x-tocopherol and retinol in H milk is due to the wilting and drying of plants,
which causes oxidative degradation of these nutrients [58].

The supplementation of the diet with Hs did not change the retinol content of milk,
although Hs are a (3-carotene form [11]. The results obtained in this study are in agreement
with Cozma et al. [12], who supplemented goats’ diets with hemp oil, but in disagreement
with Puppel et al. [59], who showed that supplementing the diet with flaxseed increased
milk retinol concentration in cows. The differences between these studies could be due to a
species effect (goat vs. cow) or the nature of the fat supplement (hemp vs. flax). Unlike
cows, goats convert all the 3-carotene in their feed into retinol, so their milk has more
vitamin A, which is comparable from this point of view to the milk of humans [60].

The results of this study demonstrate that the total antioxidant capacity (TAC) of goat
milk is positively correlated with the content of a-tocopherol and retinol, since these vita-
mins intervene in the capture of free radicals and the inhibition of lipid peroxidation [61]. In
addition, high-fat milk has been shown to have a higher antioxidant capacity, as measured
using the ABTS assay, than low-fat milk due to its higher content of lipophilic vitamins;
positive correlations have been established between the fat content and the TAC value of
milk [54].

Significant decreases in a-tocopherol and retinol content were observed during milk
storage in all experimental variants, probably because these vitamins acted as a hydrogen
donor, which led to the accumulation of lipid hydroperoxides in milk. This mechanism
could be responsible for the significant decrease in the TAC of stored milk in all types of
milk. The results of this study agree with those previously reported by Havemose et al. [62]
for cow’s milk.

In contrast to the results of this study, Yilmaz-Ersan et al. [63] reported an increase in
TAC in pasteurized milk (90 °C for 10 min), as measured using the ABTS test, compared
to raw milk. Similarly, other studies have demonstrated that heating milk to over 100 °C
increases the antioxidant capacity of milk because thiol groups formed by protein unfolding
act as hydrogen donors [61]. In the present study, milk pasteurization was performed at a
lower temperature, namely 63 °C, for 30 min, which may explain why pasteurization did
not change the TAC value, in agreement with other recent studies [19,23,61].

After 4 days of refrigerated storage of milk, the TAC value decreased for all types
of milk, suggesting that higher concentrations of x-tocopherol and retinol in milk do not
prevent the oxidation of unsaturated FAs from milk fat but delay this process, increasing
the oxidative stability of milk [16].

5. Conclusions

The results of this study clearly demonstrate that incorporation of hemp seeds in the
diet of goats at a level of 200 g/day significantly improved the milk quality by increasing
the concentrations of FA considered beneficial for human health (mainly n-3 FA, VA, and
CLA ¢-9,t-11), increasing the natural antioxidants content (x-tocopherol and retinol) and
the antioxidant capacity (TAC) of milk. Mixed shrubs-grass rangeland had similar effects
in the improving of milk quality compared to hay-based diets. The feeding system of goats
with mixed shrubs—grass rangeland and supplementing the diet with hemp seeds ensured
the enrichment of milk with the best nutritional and functional quality, confirmed by the
FA profile, antioxidant content, and the value of health-related lipid indices.

Further research is needed to determine whether hemp seeds have positive effects not
only on milk production and quality but also on the metabolic profile and more importantly
on animal health.



Animals 2023, 13, 3435 20 of 22

Author Contributions: Conceptualization, D.M., S.M. and D.LS.; methodology, D.M., D.I.S. and
0.S.M,; software, SM. and D.I.S,; validation, D.M. and D.I.S.; formal analysis, S.M. and O.S.M.; inves-
tigation, D.M., SM. and D.L.S.; data curation, D.M. and O.S.M.; writing—original draft preparation,
D.M. and D.IS.; writing—review and editing, S.M.; visualization, D.M., SM., O.S.M. and D.IS;
supervision, D.M.; project administration, D.M.; funding acquisition, D.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the U.O. 5/05. 04. 2021 grant of the University of Oradea
(Romania).

Institutional Review Board Statement: All experimental procedures involving animals were ap-
proved by the Ethics Committee of the University of Oradea, Faculty of Environmental Protection
(4/28/09/2023).

Informed Consent Statement: Not applicable.
Data Availability Statement: Data are available from the first author upon request.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

References

1.  Kasapidou, E.; Karatzia, M.; Mitlianga, P.; Basdagianni, Z. Effects of production systems and seasons on retail-goat-milk fatty-acid
composition and nutritional indices in Greece. Animals 2022, 12, 2204. [CrossRef] [PubMed]

2. Pajor, F; Varkonyi, D.; Dalmadi, I.; Pasztorné-Huszar, K.; Egerszegi, I.; Penksza, K.; Péti, P.; Bodnar, A. Changes in chemical
composition and fatty acid profile of milk and cheese and sensory profile of milk via supplementation of goats” diet with marine
algae. Animals 2023, 13, 2152. [CrossRef] [PubMed]

3. Mendoza Guzman, H.; de la Jara Valido, A.; Duarte, L.C.; Presmanes, K.F. Analysis of interspecific variation in relative fatty acid
composition: Use a flow cytometry to estimate unsaturation index and relative polyunsaturated fatty acid content in microalgae.
J. Appl. Phycol. 2011, 23, 7-15. [CrossRef]

4. Puppel, K,; Sakowski, T.; Kuczynska, B.; Grodkowski, G.; Golebiewski, M.; Barszczewski, ].; Wrobel, B.; Budzinski, A.; Kapusta,
A.; Balcerak, M. Degrees of antioxidant protection: A 2-year study of the bioactive properties of organic milk in poland. J. Food
Sci. 2017, 82, 523-528. [CrossRef]

5. Nudda, A; Cannas, A.; Correddu, F; Atzori, A.S.; Lunesu, M.F; Battacone, G.; Pulina, G. Sheep and goats respond differently to
feeding strategies directed to improve the fatty acid profile of milk fat. Animals 2020, 10, 1290. [CrossRef]

6. Gomez-Cortés, P.; Civicob, A.; de la Fuentea, M.A.; Sanchezb, N.N.; Blancob, F.P,; Marinb, A.M. Short term evolution of
nutritionally relevant milk fatty acids of goats fed a cereal-based concentrate enriched with linseed oil. Innov. Food Sci. Emerg.
Technol. 2019, 51, 107-113. [CrossRef]

7. Mierlita, D. Influence of feeding on different types of pasture upon the fatty acid profile and health lipid indices in the goats milk.
S. Afr. J. Anim. Sci. 2022, 52, 645-655. [CrossRef]

8.  Matovu, J.; Algicek, A. Recent advancement in goat nutrition. In Goat Science—Environment, Health and Economy; IntechOpen:
London, UK, 2021. [CrossRef]

9.  Silva, TP.D,; Filho, A. Sheep and goat feeding behavior profile in grazing systems. Acta Sci. Anim. Sci. 2021, 43, €51265. [CrossRef]

10. Goetsch, A.L. Recent research of feeding practices and the nutrition of lactating dairy goats. J. Appl. Poult. Res. 2019, 47, 103-114.
[CrossRef]

11.  Mierlitd, D. Effects of diets containing hemp seeds or hemp cake on fatty acid composition and oxidative stability of sheep milk.
S. Afr. . Anim. Sci. 2018, 48, 504-515. [CrossRef]

12. Cozma, A.; Andrei, S.; Pintea, A.; Miere, D.; Filip, L.; Loghin, E,; Ferlay, A. Effect of hemp seed oil supplementation on plasma
lipid profile, liver function, milk fatty acid, cholesterol, and vitamin A concentrations in Carpathian goats. Czech |. Anim. Sci.
2015, 60, 289-301. [CrossRef]

13.  Mierlita, D. Fatty acid profile and health lipid indices in the raw milk of ewes grazing part-time and hemp seed supplementation
of lactating ewes. S. Afr. J. Anim. Sci. 2016, 46, 237-246. [CrossRef]

14. Boccia, A.C.; Cusano, E.; Scano, P.; Consonni, R. NMR lipid profile of milk from alpine goats with supplemented hempseed and
linseed diets. Molecules 2020, 25, 1491. [CrossRef] [PubMed]

15. Bernard, L.; Shingfield, K.J.; Rouel, J.; Ferlay, A.; Chilliard, Y. Effect of plant oils in the diet on performance and milk fatty acid
composition in goats fed diets based on grass hay or maize silage. Br. J. Nutr. 2009, 101, 213-224. [CrossRef] [PubMed]

16. Al-Mabruk, R.M.; Beck, N.E.G.; Dewhurst, R.J. Effects of silage species and supplemental vitamin E on the oxidative stability of
milk. J. Dairy Sci. 2004, 87, 406—412. [CrossRef]

17.  European Commission. Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the

protection of animals used for scientific purposes. Off. J. EU 2010, 276, 33-79.


https://doi.org/10.3390/ani12172204
https://www.ncbi.nlm.nih.gov/pubmed/36077924
https://doi.org/10.3390/ani13132152
https://www.ncbi.nlm.nih.gov/pubmed/37443950
https://doi.org/10.1007/s10811-010-9526-6
https://doi.org/10.1111/1750-3841.13594
https://doi.org/10.3390/ani10081290
https://doi.org/10.1016/j.ifset.2018.03.020
https://doi.org/10.4314/sajas.v52i5.08
https://doi.org/10.5772/intechopen.99025
https://doi.org/10.4025/actascianimsci.v43i1.51265
https://doi.org/10.1080/09712119.2019.1580585
https://doi.org/10.4314/sajas.v48i3.11
https://doi.org/10.17221/8275-CJAS
https://doi.org/10.4314/sajas.v46i3.3
https://doi.org/10.3390/molecules25071491
https://www.ncbi.nlm.nih.gov/pubmed/32218333
https://doi.org/10.1017/S0007114508006533
https://www.ncbi.nlm.nih.gov/pubmed/18554428
https://doi.org/10.3168/jds.S0022-0302(04)73180-X

Animals 2023, 13, 3435 21 of 22

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Steinshamn, H.; Inglingstad, R.A.; Ekeberg, D.; Melmanna, J.; Jergensen, M. Effect of forage type and season on Norwegian dairy
goatmilk production and quality. Small Rumin. Res. 2014, 122, 18-30. [CrossRef]

Santa, A.; Mierlita, D.; Daraban, S.; Socol, C.T.; Vicas, S.I; Suteu, M.; Maerescu, C.M.; Stanciu, A.S.; Pop, LM. The effect of
sustainable feeding systems, combining total mixed rations and pasture, on milk fatty acid composition and antioxidant capacity
in jersey dairy cows. Animals 2022, 12, 908. [CrossRef] [PubMed]

AOAC. Official Methods of Analysis, Association of Official Analytical Chemists; AOAC: Washington, DC, USA, 2005. Available online:
http:/ /www.aoac.org (accessed on 28 August 2022).

Van Soest, PJ.; Robertson, ].B.; Lewis, B.A. Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in
relation to animal nutrition. J. Dairy Sci. 1991, 74, 3583-3598. [CrossRef] [PubMed]

ISO. Milk—Determination of Urea Content—Enzymatic Method Using Difference in pH (Reference Method); International Organization
for Standardization: Geneva, Switzerland, 2004.

Mierlita, D.; Santa, A.; Mierlita, S.; Daraban, S.V.; Suteu, M.; Pop, LM.; Mintas, O.S.; Macri, A.M. The effects of feeding milled
rapeseed seeds with different forage:concentrate ratios in jersey dairy cows on milk production, milk fatty acid composition, and
milk antioxidant capacity. Life 2023, 13, 46. [CrossRef]

Folch, J.; Lees, M.; Stanley, G.H.S. A simple method for the isolationand purification of total lipids from animal tissues. J. Biol.
Chem. 1957, 226, 497-509. [CrossRef]

NRC. Nutrient Requirements of Small Ruminants: Sheep, Goats, Cervids, and New World Camelids; National Research Council of the
National Academies, National Academies Press: Washington, DC, USA, 2007. [CrossRef]

Ghavipanje, N.; Fathi, N.M.H.; Farhangfar, S.H.; Ghiasi, S.E.; Vargas-Bello-Pérez, E. Regulation of nutritional metabolism in
transition dairy goats: Energy balance, liver activity, and insulin resistance in response to berberine supplementation. Animals
2021, 11, 2236. [CrossRef]

SAS. Statistical Analysis System Software Package Version 9.1; SAS Institute Inc.: Cary, NC, USA, 2000.

Anghel, A; Jitariu, D.; Nadolu, D.; Zamfir, Z.; Ilisiu, E. Considerations on goat milk biochemical composition. Ovidius Univ. Ann.
Chem. 2021, 32, 85-89. [CrossRef]

Chilliard, Y.; Ferlay, A.; Rouel, J.; Lamberet, G. A Review of nutritional and physiological factors affecting goat milk lipid synthesis
and lipolysis. J. Dairy Sci. 2003, 86, 1751-1770. [CrossRef] [PubMed]

Min, B.R.; Hart, S.P,; Sahlu, T.; Satter, L.D. The effect of diets on milk production and composition, and on lactation curves in
pastured dairy goats. J. Dairy Sci. 2005, 88, 2604-2615. [CrossRef]

Bodnar, A.; Egerszegi, I.; Kuchtik, J.; Penksza, K.; Poti, P; Pajor, F. Effect of grazing on composition, fatty acid profile and
nutritional of the goat milk and cheese. J. Anim. Feed Sci. 2021, 30, 320-328. [CrossRef]

Cremonesi, P.; Capra, E.; Turri, F,; Lazzari, B.; Chessa, S.; Battelli, G.; Colombini, S.; Rapetti, L.; Castiglioni, B. Effect of diet
enriched with hemp seeds on goat milk fatty acids, transcriptome, and miRNAs. Front. Anim. Sci. 2022, 3, 909271. [CrossRef]
Emami, A.; Fathi, N.M.H.; Ganjkhanlou, M.; Rashida, L.; Zali, A. Effect of pomegranate seed oil as a source of conjugated linolenic
acid on performance and milk fatty acid profile of dairy goats. Livest. Sci. 2016, 193, 1-7. [CrossRef]

Zhang, R.H.; Mustafa, A.F,; Zhao, X. Effects of feeding oilseeds rich in linoleic and linolenic fatty acids to lactating ewes on cheese
yield and on fatty acid composition of milk and cheese. Anim. Feed Sci. Technol. 2006, 127, 220-233. [CrossRef]

Bernard, L.; Toral, P.G.; Chilliard, Y. Comparison of mammary lipid metabolism in dairy cows and goats fed diets supplemented
with starch, plant oil, or fish oil. J. Dairy Sci. 2017, 100, 9338-9351. [CrossRef]

Ali, M.A.; Thabet, M.S.; Ibrahim, E.M. Effects of flaxseed oil supplementation to lactating goats diet on milk production,
composition and fatty acids profiles. Azhar J. Agric. Res. 2019, 44, 66-78. [CrossRef]

Musco, N.; Tudisco, R.; Esposito, G.; lommelli, P.; Totakul, P.; D" Aniello, B.; Lombardi, P.; Amato, R.; Wanapat, M.; Infascelli,
F. Effects of linseed supplementation on milk production, composition, odd- and branched-chain fatty acids, and on serum
biochemistry in cilentana grazing goats. Animals 2022, 12, 783. [CrossRef] [PubMed]

Altenhofer, C.; Spornraft, M.; Kienberger, H.; Rychlik, M.; Herrmann, J.; Meyer, H.H.; Viturro, E. Effects of rapeseed and soybean
oil dietary supplementation on bovine fat metabolism, fatty acid composition and cholesterol levels in milk. J. Dairy Res. 2014, 81,
120-128. [CrossRef] [PubMed]

Tsiplakou, E.; Mountzouris, K.C.; Zervas, G. Concentration of conjugated linoleic acid in grazing sheep and goat milk fat. Livest.
Sci. 2006, 103, 74-84. [CrossRef]

Gutiérrez-Pefiaa, R.; Ferndndez-Cabanasb, V.M.; Menab, Y.; Delgado-Pertifiezb, M. Fatty acid profile and vitamins A and E
contents of milk in goat farms under Mediterranean wood pastures as affected by grazing conditions and seasons. J. Food Compos.
Anal. 2018, 72, 122-131. [CrossRef]

Delgadillo-Puga, C.; Cuchillo-Hilario, M. Reviewing the benefits of grazing/browsing semiarid rangeland feed resources and the
transference of bioactivity and pro-healthy properties to goat milk and cheese: Obesity, insulin resistance, inflammation and
hepatic steatosis prevention. Animals 2021, 11, 2942. [CrossRef]

De Lucena, A.R.E; Menezes, D.R.; de Carvalho, D.T.Q.; Matos, J.C.; Antonelli, A.C.; de Moraes, S.A.; Dias, E.S.; Queiroz, M.A.A,;
Rodrigues, R.T.S. Effect of commercial tannin and a pornunga (Manihot spp.) silage-based diet on the fatty acid profile of saanen
goats’ milk. Int. . Dairy Technol. 2018, 71, 613-620. [CrossRef]


https://doi.org/10.1016/j.smallrumres.2014.07.013
https://doi.org/10.3390/ani12070908
https://www.ncbi.nlm.nih.gov/pubmed/35405896
http://www.aoac.org
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://www.ncbi.nlm.nih.gov/pubmed/1660498
https://doi.org/10.3390/life13010046
https://doi.org/10.1016/S0021-9258(18)64849-5
https://doi.org/10.17226/11654
https://doi.org/10.3390/ani11082236
https://doi.org/10.2478/auoc-2021-0012
https://doi.org/10.3168/jds.S0022-0302(03)73761-8
https://www.ncbi.nlm.nih.gov/pubmed/12778586
https://doi.org/10.3168/jds.S0022-0302(05)72937-4
https://doi.org/10.22358/jafs/144843/2021
https://doi.org/10.3389/fanim.2022.909271
https://doi.org/10.1016/j.livsci.2016.09.004
https://doi.org/10.1016/j.anifeedsci.2005.09.001
https://doi.org/10.3168/jds.2017-12789
https://doi.org/10.21608/ajar.2019.102622
https://doi.org/10.3390/ani12060783
https://www.ncbi.nlm.nih.gov/pubmed/35327180
https://doi.org/10.1017/S002202991300071X
https://www.ncbi.nlm.nih.gov/pubmed/24351793
https://doi.org/10.1016/j.livsci.2006.01.010
https://doi.org/10.1016/j.jfca.2018.07.003
https://doi.org/10.3390/ani11102942
https://doi.org/10.1111/1471-0307.12504

Animals 2023, 13, 3435 22 of 22

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

63.

Dauber, C.; Carreras, T.; Casarotto, G.; Cabrera, F; Liscano, A.; Vicente, G.; Britos, A.; Carro, S.; Cajarville, C.; Gdmbaro, A.;
et al. Adding sunflower or soybean oil to goat’s pasture-based diet improves the lipid profile without changing the sensory
characteristics of milk. J. Appl. Poult. Res. 2022, 50, 204-212. [CrossRef]

Cabiddu, A.; Molle, G.; Decandia, M.; Spada, S.; Fiori, M.; Piredda, G.; Addis, M. Responses to condensed tannins of flowering
sulla (Hedysarum coronarium L.) grazed by dairy sheep. Part 2: Effects on milk fatty acid profile. Livest. Sci. 2009, 123, 230-240.
[CrossRef]

Boukrouh, S.; Noutfia, A.; Moula, N.; Avril, C.; Hornick, J.L.; Chentouf, M.; Cabaraux, J.E. Effects of sulla flexuosa hay as
alternative feed resource on goat’s milk production and quality. Animals 2023, 13, 709. [CrossRef]

Delgado-Pertifiez, M.; Gutiérrez-Pefia, R.; Mena, Y.; Fernandez-Cabanas, V.M.; Laberye, D. Milk production, fatty acid composition
and vitamin E content of Payoya goats according to grazing level in summer on Mediterranean shrublands. Small Rumin. Res.
2013, 114, 167-175. [CrossRef]

Decandia, M.; Cabiddu, A.; Molle, G.; Branca, A.; Epifani, G.; Pintus, S.; Tavera, F; Piredda, G.; Pinna, G.; Addis, M. Effect of
different feeding systems on fatty acid composition and volatile compound content in goat milk. Options Méditerranéennes 2007,
74,129-134. Available online: https://om.ciheam.org/om/pdf/a74/00800367.pdf (accessed on 15 July 2023).

Pajor, F,; Egerszegi, I.; Steiber, O.; Bodndr, A.; Péti, P. Effect of marine algae supplementation on the fatty acid profile of milk of
dairy goats kept indoor and on pasture. J. Anim. Feed Sci. 2019, 28, 169-176. [CrossRef]

Tudisco, R.; Chiofalo, B.; Presti, V.L.; Morittu, V.M.; Moniello, G.; Grossi, M.; Musco, N.; Grazioli, R.; Mastellone, V.; Lombardi, P;
et al. Influence of feeding linseed on SCD activity in grazing goat mammary glands. Animals 2019, 9, 786. [CrossRef] [PubMed]
Martinez Marin, A.L.; Gomez-Cortés, P.; Gomez Castro, G.; Juarez, M.; Pérez Alba, L.; Pérez Hernandez, M.; De la Fuente, M. A.
Effects of feeding increasing dietary levels of high oleic or regular sunflower or linseed oil on fatty acid profile of goat milk. |
Dairy Sci. 2012, 95, 1942-1955. [CrossRef]

Zan, M; Stibilj, V.; Rogelj, I. Milk fatty acid composition of goats grazing on alpine pasture. Small Rumin. Res. 2006, 64, 45-52.
[CrossRef]

Civico, A.; Sanchez, N.N.; Gomez-Cortés, P.; Fuente, M.; Blanco, EP,; Juarez, M.; Schiavone, A.; Marin, A.L.M. Odd- and
branched-chain fatty acids in goat milk as indicators of the diet composition. Ital. |. Anim. Sci. 2017, 16, 68-74. [CrossRef]
Bernard, L.; Rouel, J.; Leroux, C.; Ferlay, A.; Faulconnier, Y.; Legrand, P.; Chilliard, Y. Mammary lipid metabolism and milk fatty
acid secretion in alpine goats fed vegetable lipids. . Dairy Sci. 2005, 88, 1478-1489. [CrossRef]

Chen, J.; Liu, H. Nutritional indices for assessing fatty acids: A mini-review. Int. ]. Mol. Sci. 2020, 21, 5695. [CrossRef]
Sinanoglou, V.J.; Koutsouli, P.; Fotakis, C.; Sotiropoulou, G.; Cavouras, D.; Bizelis, I. Assessment of lactation stage and breed
effect on sheep milk fatty acid profile and lipid quality indices. Dairy Sci. Technol. 2015, 95, 509-531. [CrossRef]

Claps, S.; Rossi, R.; Di Trana, A.; Di Napoli, M.A; Giorgio, D.; Sepe, L. Bioactive compounds in goat milk and cheese: The role of
feeding system and breed. In Goat Science; IntechOpen: London, UK, 2018; pp. 233-263.

Khan, I.T.; Nadeem, M.; Imran, M.; Ullah, R.; Ajmal, M.; Jaspal, M.H. Antioxidant properties of milk and dairy products: A
comprehensive review of the current knowledge. Lipids Health Dis. 2019, 18, 41. [CrossRef]

Mierlita, D.; Pop, LM.; Teusdea, A.; Lup, F,; Daraban, S.; Georgescu, B.; Boaru, A.; Rahmann, G. Effect of forage preservation
method on fatty acid composition and oxidative stability of organic sheep milk. Landbauforsch Appl. Agric. For. Res. 2017, 67,
43-52. [CrossRef]

Puppel, K.; Nalecz-Tarwacka, T.; Kuczynska, B.; Golebiewski, M.; Kordyasz, M. Effect of different fat supplements on the
antioxidant capacity of cows’ milk. Arch. Anim. Breed. 2013, 56, 178-190. [CrossRef]

Navamniraj, N.K.; Sivasabari, K.; Ankitha Indu, J.; Deepika, K.; Anjali, M.R.; Akhil, PR.; Pran, M.; Firzan, N.; Praveen, S.V,;
Prachi, S.; et al. Beneficial impacts of goat milk on the nutritional status and general well-being of human beings: Anecdotal
evidence. . Exp. Biol. Agric. Sci. 2023, 11, 1-15. [CrossRef]

Stobiecka, M.; Krdl, J.; Brodziak, A. Antioxidant activity of milk and dairy products. Animals 2022, 12, 245. [CrossRef]
Havemose, M.S.; Weisbjerg, M.R.; Bredie, W.L.P,; Nielsen, ].H. Oxidative stability of milk influenced by fatty acids, antioxidants,
and copper derived from feed. J. Dairy Sci. 2006, 89, 1970-1980. [CrossRef]

Yilmaz-Ersan, L.; Ozcan, T.; Akpinar-Bayizit, A.; Sahin, S. Comparison of antioxidant capacity of cow and ewe milk kefirs. J.
Dairy Sci. 2018, 101, 3788-3798. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/09712119.2022.2056464
https://doi.org/10.1016/j.livsci.2008.11.019
https://doi.org/10.3390/ani13040709
https://doi.org/10.1016/j.smallrumres.2013.06.001
https://om.ciheam.org/om/pdf/a74/00800367.pdf
https://doi.org/10.22358/jafs/109955/2019
https://doi.org/10.3390/ani9100786
https://www.ncbi.nlm.nih.gov/pubmed/31614628
https://doi.org/10.3168/jds.2011-4303
https://doi.org/10.1016/j.smallrumres.2005.03.015
https://doi.org/10.1080/1828051X.2016.1263547
https://doi.org/10.3168/jds.S0022-0302(05)72816-2
https://doi.org/10.3390/ijms21165695
https://doi.org/10.1007/s13594-015-0234-5
https://doi.org/10.1186/s12944-019-0969-8
https://doi.org/10.3220/LBF1491399900000
https://doi.org/10.7482/0003-9438-56-017
https://doi.org/10.18006/2023.11(1).1.15
https://doi.org/10.3390/ani12030245
https://doi.org/10.3168/jds.S0022-0302(06)72264-0
https://doi.org/10.3168/jds.2017-13871

	Introduction 
	Materials and Methods 
	Goats and Dietary Treatments 
	Sample Collection 
	Chemical Analyses 
	Feed and Milk Analysis for Proximate Composition 
	Milk Cholesterol Analysis 
	Feed and Milk Fatty Acid Analysis 
	Milk Fat-Soluble Vitamins Analysis 
	Milk Antioxidant Capacity Analysis 

	Calculations and Nutritional Indices 
	Statistical Analysis 

	Results 
	Forage and Concentrate Nutritive Characteristics 
	Daily Milk Yield and Composition 
	Milk Fatty Acid Profile and Health Indices 
	Vitamins Content and Antioxidant Activity of Milk 

	Discussion 
	Milk Yield and Components 
	Fatty Acid Composition of Milk 
	Health-Related Lipid Indices 
	Fat-Soluble Vitamins and Antioxidant Capacity 

	Conclusions 
	References

