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Owing to the high concentrations of crude protein and beneficial fatty acids, hempseed cake could be a
high-quality feedstuff for ruminants. The aim of the present study was to evaluate the effects of hemp-
seed cake on milk production and quality, as well as haemato-chemical parameters in Alpine goats. In
total, 28 French Alpine dairy goats were evaluated over 45 days. All goats were fed meadow hay supple-
mented with 1.2 kg/day feed mixture. The feed mixture in control group contained soybean meal and
extruded soybean. In the first experimental group, soybean meal and extruded soybean were partially
replaced with 60 g/kg of hempseed cake (HC6). In the second experimental group, soybean meal and
extruded soybean were partially replaced with 120 g/kg of hempseed cake (HC12). Feeding goats with
HC6 and HC12 did not influence milk yield, although the concentration of milk urea was higher in the
HC12 compared to control group. The HC12 decreased the linoleic acid (LA)/linolenic acid (ALA) ratio
and glutathione peroxidase activity in the serum. Under the conditions evaluated in this study, the inclu-
sion of HC6 in the diet was optimal with respect to chemical composition of milk and haemato-chemical
parameters. Even though HC12 resulted in lowered LA/ALA ratio, which confers functional properties to
goat milk, HC12 increased milk urea concentrations, and worsened serum antioxidant status.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of The Animal Consortium. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Implications

This study establishes the use of hempseed cake in diets of
Alpine goats and its effect on milk production and blood parame-
ters. A feed mixture with 60 g/kg of hempseed cake was success-
fully used as a partial replacement for soybean meal and
extruded soybean in diets of goats without any negative effects
on milk performance or blood parameters. The inclusion of
120 g/kg of hempseed cake in the feed mixture increased milk
urea, which should be evaluated further. In addition, the effects
of hempseed cake on the technological properties of goat milk
and implications for environmental issues should be evaluated.
Introduction

Cannabis sativa L. is rich in bioactive compounds and is
exploited for applications in the food, pharmaceutical, and medical
industries (Andre et al., 2016). Traditionally, the plant was primar-
ily cultivated as a fibre crop, although its cultivation declined as a
result of the production of synthetic fibres (Farinon et al., 2020). A
recent revival of this useful plant can be attributed to its abundant
phytochemicals, fibres, and agricultural features, including good
resistance to drought and pests and a well-developed root system,
thus preventing soil erosion (Andre et al., 2016). There is a growing
interest in hempseed owing to its high nutritional value as func-
tional food (Farinon et al., 2020). As reported by Parker et al.
(2003), whole hemp seeds are rich in oils consisting of 80% of fatty
acid methyl esters (FAMEs), including polyunsaturated fatty acids
(PUFAs), especially linoleic acid (LA, C18:2n-6), and a-linolenic
acid (ALA, C18:3n-3). The proportion of LA in hemp oil is over
50%, while ALA accounts for over 20% of FAME, which is higher
than its content in other plant oils, such as canola, soybean, sun-
flower, or olive oil (Leson, 2013).

Oilseed cakes, including hempseed cake (HC), are produced by
cold pressing seeds and are among the most valuable sources of
proteins; accordingly, they may be suitable for ruminant nutrition
as an alternative protein and fat source (Klir et al., 2019). The
removal of the hull from the seed produces a hempseed-
processed product containing a high protein content (up to 50%)
and minimal fat content, depending on the type of extraction
method (House et al., 2010). As reported by Karlsson et al.
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Table 2
Ingredient composition of the feed mixtures used in diets for lactating dairy goats.
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(2010), hempseed cake is a rich source of crude proteins (344 g/kg
DM). However, in this study, a decrease in efficiency of converting
dietary CP into cows’ milk was observed when increasing level of
HC. Research on the inclusion of HC in diets has mostly focused
on poultry; however, some studies have shown that HC in rumi-
nant diets positively affects milk production and quality, such as
study by Mierlita (2018). In contrast, the addition of feedstuffs rich
in unsaturated fatty acids to diets may lead to oxidative stress
(Wang et al., 2010), which impairs the health status of ruminants
and consequently production.

Based on these previous results, we hypothesized that the
inclusion of low level of HC in feed mixtures for lactating goats will
be suitable for milk production or blood haemato-chemical param-
eters, although increase of HC in diets might impair haemato-
chemical parameters but also improve fatty acid proportions in
milk. Therefore, the aim of the present study was to investigate
the effects of dietary HC on milk production and quality as well
as haemato-chemical parameters of lactating Alpine dairy goats.

Material and methods

The study was in conformance with the Animal Protection Act
(NN 133/06, NN 37/13 and NN 125/13), legal act on the protection
of animals used for scientific purposes (NN 55/13), and other valid
legal acts related to the welfare of farm animals. It was approved
by the Bioethics Committee for Research on Animals of the Faculty
of Agrobiotechnical Sciences Osijek. Additionally, animal handling
practices satisfied the European Union Directive 2010/63/EU
regarding animal protection in experiments. The experimental
design is presented in Table 1.

Experimental design, animals, and feeding

The study included 28 French Alpine dairy goats at a family
farm in Osijek-Baranya County (Croatia). All selected goats had kid-
ded within a period of one week. Ten days before the experiment,
the goats were subjected to experimental diets. The duration of the
experiment was 45 days. The experiment started when goats were
approximately at 31.0 ± 2.7 days in milk (DIM). Goats were
selected according to body condition scores (BCS, 2.5 ± 0.3), BW
(46.1 ± 7.3 kg), parity (2.8 ± 1.0), litter size (1.8 ± 0.4), and adequate
health status before the experiment started. Body condition score
was observed by 1–5 point scale.

All goats were fed ad libitum (~1.6 kg/day per head) with mea-
dow hay, and each goat was supplemented with a feed mixture
(1.2 kg/day per head), with an approximate ratio of 60% hay and
40% feed. Goats were offered the feed mixture individually in sep-
arate feeding troughs, according to their requirements following
National Research Council (2007), during milking in the milking
Table 1
Experimental design and composition of experimental diets offered to lactating dairy
goats.

Parameter Diets

Control HC6 HC12

Does (n) 9 10 9
BW (kg) 45.5 ± 7.0 46.6 ± 8.4 46.0 ± 6.9
Body condition

score
2.4 ± 0.3 2.6 ± 0.3 2.6 ± 0.3

Days in lactation 29.4 ± 2.6 32.6 ± 2.4 31.1 ± 2.3
Feeding
Feed mixture 1.2 kg/day per

goat
Control

1.2 kg/day per
goat
HC6%

1.2 kg/day per
goat
HC12%

Meadow hay ad libitum ad libitum ad libitum

HC = feed mixture containing hempseed cake.
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parlour. Afterwards, hay was offered (ad libitum) to all goats in
the group. When the experiment started (31.0 ± 2.7 DIM), kids
were temporarily separated from their dams 24 h before every
sampling day (45, 60, and 75 DIM) during the study period. All
goats were milked by a machine twice a day (0700 h and
1800 h). Goats had free access to fresh drinking water, and no refu-
sals of feed mixture were observed during the study period. Diet-
ary treatments differed in the main sources of proteins and
lipids. The control diet contained soybean meal and extruded soy-
bean. In the first experimental group, soybean meal and extruded
soybean were partially replaced with 60 g/kg of hempseed cake
(HC6) in the feed mixture. In the second experimental group, soy-
bean meal and extruded soybean were partially replaced with
120 g/kg of hempseed cake (HC12) in the feed mixture. The HC
used in the present study was from Finola variety hemp seeds
and was a by-product from cold-pressed oil manufacturing. Before
pressing, the seeds are rinsed, dried and dehulled. Afterwards,
seeds were mechanically pressed to retrieve the oil, while its tem-
perature, after leaving the press, did not exceed 50 �C. The compo-
sitions of the feed mixtures are presented in Table 2.
Analysis of feedstuffs

The feed composition was determined using standard methods
(Association of Official Analytical Chemists, 2006). The chemical
compositions of the feed mixtures, hay, and HC are presented in
Table 3. The CP content was estimated from the nitrogen concen-
tration according to the Kjeldahl method using a Kjeldahl steam
distillation for nitrogen (Behr, Stuttgart, Germany). Universal
Extraction System B-811 (Buchi, Flawil, Switzerland) was used to
analyse ethereal extract. Fatty acid proportions in feed mixtures,
hay, and HC are presented in Table 4. Amylase-treated NDF was
determined according to EN ISO 1647:2006, while ADF and ADL
were determined according to EN ISO 13906. N-free extract was
calculated using the following equation:

N� free extract ðg=kg DMÞ ¼ 1 000� ðCPþ crude lipid

þ crude fibreþ ashÞ: ð1Þ
The FAMEs from feed were prepared according to HRN EN ISO

12966-2:2017, and procedure was explained by Antunović et al.
(2020). A feed sample (100–200 mg) was prepared with methano-
lic sodium hydroxide (4 ml, 0.5 M) in 50 ml flask containing 2–3
boiling chips. The flask was boiled under reflux (20 min) and
5 ml of methanolic boron trifluoride solution was added and boiled
Ingredient (g/kg feed mixture) Feed mixture

Control HC6 HC12

Corn 500 500 500
Barley 132 132 132
Wheat flour 100 100 100
Hempseed cake – 60 120
Soybean meal (46% CP) 100 80 70
Extruded soybean 140 100 50
Calcium carbonate 13 13 13
Mineral vitamin premix1 10 10 10

HC6 = feed mixture containing 60 g/kg hempseed cake; HC12 = feed mixture con-
taining 120 g/kg hempseed cake.

1 Mineral-vitamin premix for goats: Ca 21%, P 5%, Na 6%, Mg 5%, vitamin A 1 200
000 IU/kg, vitamin D3 140 000 IU/kg, vitamin E 3 500 mg/kg, Fe (iron sulphate
monohydrate) 600 mg/kg, Cu (copper sulphate pentahydrate) 490 mg/kg, Cu (in the
form of chelates) 500 mg/kg, Mn (manganese sulphate pentahydrate) 5 mg/kg, Zn
(zinc oxide) 6 500 mg/kg, Zn (in the form of chelates) 1 500 mg/kg I (anhydrous
calcium iodate) 60 mg/kg, Co (cobalt carbonate monohydrate) 40 mg/kg, Se (dis-
odium selenite) 50 mg/kg.



Table 3
Chemical composition of hay, hempseed cake, and feed mixtures used in diets for lactating dairy goats.

Parameter Feed mixture Hay Hempseed cake

Control HC6 HC12

DM (g/kg) 881 892 893 903 911
Crude protein (g/kg DM) 165 163 162 57.8 311.3
Crude fibre (g/kg DM) 40.9 52.6 73.4 340.2 260.8
Crude ash (g/kg DM) 50.0 49.1 49.3 38.2 63.3
Crude fat (g/kg DM) 55.7 53.4 46.7 24.0 88.9
ME (MJ/kg DM) 12.4 12.3 12.2 7.50 13.01

NDF 43.1 37.9 30.2 53.3 42.6
ADF 8.14 9.04 11.7 25.0 33.1
ADL 3.12 2.45 4.28 8.95 13.3
N-free extract 689 682 669 540 556

HC6 = feed mixture containing 60 g/kg hempseed cake; HC12 = feed mixture containing 120 g/kg hempseed cake; ME = metabolizable energy
1 Eriksson (2007).

Table 4
Proportions of fatty acids in hay and feed mixtures used in the diets for lactating dairy goats.

g/100 g FAME Diets Hay Hempseed cake

Control HC6 HC12

C12:0 0.01 0.01 0.01 0.48 0.004
C14:0 0.10 0.10 0.09 1.24 0.07
C15:0 0.04 0.04 0.04 0.47 0.03
C16:0 13.8 13.4 12.7 30.3 8.22
c9-C16:1 0.13 0.14 0.15 0.63 0.15
C17:0 0.10 0.10 0.09 0.71 0.07
c10-C17:1 0.05 0.05 0.05 0.13 0.03
C18:0 2.99 2.80 2.53 4.38 2.91
c9-C18:1 23.5 23.2 21.3 0.71 12.2
C18:2n-6 54.1 54.4 54.2 18.2 56.0
C18:3n-3 4.07 4.65 5.71 14.3 14.4
C20:2 0.07 0.07 0.01 0.22 0.94
C20:3 0.00 0.01 0.01 0.42 0.01
C20:5 0.04 0.03 0.00 1.80 0.006
C22:0 0.36 0.36 0.32 2.88 0.46
C22:1 0.01 0.01 0.01 0.15 0.02

HC6 = feed mixture containing 60 g/kg hempseed cake; HC12 = feed mixture containing 120 g/kg hempseed cake; FAME = fatty acid methyl esters.
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(4 min). Fatty acid extraction was carried out with n-heptane
(5 ml) and boiled afterwards (2 min). When flask cooled down,
saturated aqueous sodium chloride solution was added. An upper
n-heptane layer was transferred to test tube which contained
anhydrous sodium sulphate. Then an aliquot (1 ml) was taken for
chromatographic analysis by using Agilent 7890B (Agilent, Santa
Clara, USA) gas chromatograph with flame ionization detector.
Milk sampling and analysis

Two milk samples were obtained from each goat on days 15, 30,
and 45 during the study at 0700 h (corresponding to days 45, 60,
and 75 of lactation, respectively). Forestripping was performed
before milking, while none of the goats had mastitis throughout
the study. Immediately after obtaining two milk samples, one
30-ml milk sample from each goat was transferred into bottles
containing 0.3 ml of the preservative azidiol, cooled to 4 �C, and
prepared for the analysis. The chemical composition was analysed
by infrared spectroscopy according to HRN ISO 9622:2017 using
the analyser MilkoScan FT 6000 (Foss Electric, Hillerød, Denmark).
Fat-corrected milk at 3.5% (kg/day) was calculated according to
Pulina et al. (1991) using the following equation:
Fat� corrected milk ¼ milk yield� ð0:634þ 0:1046� fatÞ: ð2Þ
The somatic cell count (SCC) was determined using the fluoro-

opto-electronic method (HRN ISO 13366-2/Ispr.1:2007) with a Fos-
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somatic 5000 Analyzer (Foss Electric). Results were transformed to
SCC according to Wiggans and Shook (1987) using the following
equation:

SCC ¼ 3þ log2ðSCC=100 000Þ: ð3Þ
Bacterial colony forming units (CFUs) were determined by the

epifluorescence flow method ISO 16297:2013 [IDF 161:2013]. All
bacterial counts were log10-transformed for analyses.

Another milk sample (100 ml) from each goat was frozen at
�80 �C and stored until the fatty acid analysis.

The FAMEs were extracted from milk samples and prepared
according to HRN ISO 15884:2002. Reference for FAME consisted
of 37 fatty acid methyl esters (purity �99%; Restek, Pennsylvania,
USA). As previously explained by Antunović et al. (2020), a 100 mg
of test sample was dissolved in 5 ml of n-heptane in a tube, and
0.2 ml of KOH (methanolic solution) was added and vortexed (Vor-
texer, Grant Instruments Ltd., England) during a period of 1 min. A
solid sodium hydrogen sulphate (0.5 g) was added and mixed, after
the reaction time (5 min). All the tubes were centrifuged (Hettich
Zentrifugen, Tuttlingen, Germany), at 2 000 rpm and at a room
temperature (3 min). A clear supernatant, an aliquot of ester solu-
tion, was taken for chromatographic analysis by using Agilent
7890B (Agilent, Santa Clara, USA) gas chromatograph with flame
ionization detector. The N2 was a carrier gas (split ratio 20:1). Inlet
pressure was 35.81 psi with temperature 225 �C and 28.2 ml/min
of total flow, while column flow was 1.2 ml/min. A fused silica-
capillary column Rt-2560, bis-cyanopropyl polysiloxane-not
bonded (length 100 m, internal diameter 250 mm, 0.2 mm film
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thickness; Restek, Pennsylvania, USA), was used for separation of
fatty acids. The oven temperature was 100 �C/4 min, then heated
to 240 �C/11 min with ramp of 3�/min.

Atherogenic and thrombogenic indices of milk were calculated
according to the equations of Ulbricht and Southgate (1991):

Atherogenic index ¼ ½C12 : 0þ ð4� C14 : 0Þ
þ C16 : 0�=½Rn� 6þ Rn� 3þ RMUFA�; ð4Þ
Thrombogenic index ¼ ½C14 : 0þ C16 : 0
þ C18 : 0�=½ð0:5� RMUFAÞ þ ð0:5� n� 6Þ
þ ð3� n� 3Þ þ ðn� 3=n� 6Þ� ð5Þ

where MUFAs mean monounsaturated fatty acids. Apparent trans-
fer efficiency of ALA was calculated as output in milk divided by
the intake of ALA.

Blood sampling and analysis

Blood was collected from the jugular vein (10 ml) into sterile
vacuum tubes (Venoject�; Sterile Terumo Europe, Leuven, Bel-
gium) on days 15, 30, and 45 of the study, after morning feeding
and milking. Goat blood was sampled into sterile vacuum tubes
containing ethylenediaminetetraacetic acid as the anticoagulant.
The analysis was performed with three automatic differential
haematology analysers (Sysmex PocH-100Iv; Sysmex Europe
GmbH, Hamburg, Germany). Before analyses, whole blood was
mixed using a Coulter mixer (Coulter Electronics, Luton Bedford-
shire, England). Using whole blood, within 2 h after sampling,
haematological parameters were determined (leucocyte counts-
WBC, erythrocyte counts-RBC, haemoglobin content-HGB,
haematocrit-HCT, mean corpuscular volume-MCV, average haemo-
globin content in erythrocytes-MCH, and mean haemoglobin con-
centration in erythrocytes-MCHC).

Within 4 h of sampling, blood samples with supernatant
(serum) in vacuum tubes were centrifuged (10 min) at 1 609.92g.
Serum was separated and transferred to 2 ml safe-lock tubes
(Eppendorf, Hamburg, Germany). The samples of serum were fro-
zen at �20 �C until analysis. Following biochemical parameters
were determined in serum: minerals (calcium, inorganic phospho-
rus, magnesium, and iron), urea, glucose, total proteins, albumin,
cholesterol (CHOL), high-density lipoprotein (HDL), low-density
lipoprotein (LDL), triglyceride (TGC), b-hydroxybutyrate (BHBA),
and non-esterified fatty acids (NEFAs) as well as the activities of
enzymes (alanine aminotransferase-ALT, aspartate
aminotransferase-AST, and gamma-glutamyl-transferase-GGT).
Ransel� kit (Randox, Crumlin, UK) was used to determine activity
Table 5
Effect of dietary hempseed cake on milk performance of lactating dairy goats.

Parameter Diet

Control HC6 HC12

BW (kg) 45.3 47.8 47.2
BCS 2.53 2.54 2.56
Milk yield (kg) 1.41 1.52 1.76
Milk composition (g/100 g)
Fat 3.45 3.19 3.18
Fat-corrected milk 1.44 1.44 1.69
Protein 3.03 2.93 2.86
Lactose 4.55a 4.41b 4.50ab

Non-fat DM 8.61 8.37 8.42
Urea (mg/dl) 48.27b 52.59ab 55.35a

SCC 5.21 4.48 4.19
CFU 4.54 4.53 4.41

HC6 = feed mixture containing 60 g/kg hempseed cake; HC12 = feed mixture containing 1
study period); BCS = body condition score; SCC = somatic cell count; CFUs = bacterial co
a,b Values within a row with different superscripts differ significantly at P < 0.05.
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of glutathione peroxidase (GPx), while Ransod� kit (Randox, Crum-
lin, UK) was used to determine total superoxide dismutase (SOD)
activity in the serum. Determination of biochemical parameters
was performed using automatic analyser Beckman Coulter AU400
(Brea, CA, USA).

Statistical analyses

Average values for milk yield and composition as well as
haemato-chemicals were obtained for each goat and sampling per-
iod as the experimental units and were subjected to a repeated
measure analysis using the PROC MIXED procedure of SAS 9.4, fol-
lowing the model: Yijk = l + di + hij +wk + dwik + eijk, where l = over-
all mean, di = fixed effect of diet (i = Control, HC6, HC12),
hij = animal within diet as subject (j = Control 9, HC6 10, HC12
9), wk = fixed effect of period during lactation (k = 1–3), and
dwik = interaction between diet and period (diet � period), and
eijk = random error variation (residual error). Diet � period interac-
tions were considered as fixed effects. Means were compared using
Tukey’s honestly significant difference test, and P < 0.05 indicated
significance, while P � 0.10 indicated a trend.
Results

Table 5 presents the yield and chemical composition of milk
from goats in the Control, HC6 and HC12 groups. Goats fed HC12
showed slightly higher milk yields than those of others groups
(P = 0.096). The HC12 group also showed a higher (P < 0.05) con-
centration of milk urea than control, while there were no differ-
ences between HC6 and the control. The HC6 group showed a
lower lactose concentration than control (P < 0.05). Feeding goats
with HC did not influence milk fat, fat-corrected milk, protein,
non-fat DM, SCC, or CFUs.

Feeding goats with HC influenced the proportions of some indi-
vidual fatty acids and groups of fatty acids in milk, as presented in
Table 6. The proportion of C10:0 in milk was higher in the HC6 and
HC12 groups compared to control (P < 0.05). The proportions of
C11:0, C20:0, and C22:2 were higher in HC12 compared to control
(P < 0.05), while HC6 did not differ among groups. The proportion
of milk C13:0 was higher in HC12 than in the other groups
(P < 0.05), while C14:0 and C23:0 were higher in HC6 compared
to control (P < 0.05). The proportion of C18:0 in milk was lower
in both HC groups compared to control (P < 0.05). HC6 decreased
(P < 0.05) MUFA, while HC12 had no effect on MUFA proportions.
The saturated fatty acid proportions tended to be higher
(P = 0.071) and unsaturated fatty acid proportions tended to be
lower (P = 0.050) in the HC6 group compared to control group.
SEM P-value

D P D � P

0.706 0.337 0.649 0.990
0.049 0.976 0.924 0.125
0.065 0.096 0.317 0.944

0.103 0.511 0.930 0.961
0.060 0.218 0.208 0.671
0.038 0.197 0.483 0.910
0.023 0.038 0.539 0.723
0.045 0.105 0.290 0.964
1.125 0.024 0.002 0.553
0.249 0.279 0.126 0.075
0.047 0.466 <0.001 0.082

20 g/kg hempseed cake; D = diet effect; P = period effect (days 15, 30, and 45 of the
lony forming units.



Table 6
Effect of dietary hempseed cake on fatty acid proportions in milk of lactating dairy goats.

g/100 g FAME Diets SEM P-value

Control HC6 HC12 D P D � P

C4:0 1.97 1.94 1.91 0.023 0.572 0.234 0.333
C6:0 2.08 2.13 2.06 0.032 0.638 0.191 0.777
C8:0 2.36 2.50 2.43 0.051 0.615 0.370 0.787
C10:0 4.08b 6.50a 6.64a 0.371 0.005 0.002 0.216
C11:0 0.04b 0.04ab 0.05a 0.002 0.016 0.047 0.871
C12:0 2.88 3.26 3.09 0.079 0.173 0.439 0.898
C13:0 0.06b 0.06b 0.07a 0.001 0.005 0.193 0.961
C14:0 7.80b 8.96a 8.55ab 0.159 0.019 0.264 0.488
C14:1 0.32 0.10 0.11 0.078 0.439 0.356 0.421
C15:0 0.62 0.54 0.57 0.574 0.718 0.150 0.941
C16:0 21.14 22.30 22.37 0.379 0.354 0.235 0.310
c9-C16:1 1.35 0.74 0.82 0.216 0.471 0.439 0.452
C17:0 0.75 0.71 0.75 0.011 0.272 0.091 0.505
C17:1 0.31 0.27 0.29 0.012 0.284 0.065 0.998
C18:0 17.67a 15.02b 15.45b 0.253 <0.001 0.365 0.767
t9-C18:1 2.74 2.16 2.32 0.206 0.426 0.005 0.369
c9-C18:1 27.98 26.22 26.91 0.367 0.211 0.176 0.912
t9,12-C18:2 0.10 0.02 0.02 0.024 0.344 0.319 0.402
C18:2n-6 3.60 3.63 3.40 0.061 0.270 0.623 0.617
C18:3n-3 0.54 0.61 0.61 0.018 0.161 <0.001 0.536
c 6,9,12-C18:3 0.18 0.06 0.07 0.041 0.437 0.336 0.423
C20:0 0.27b 0.27ab 0.30a 0.006 0.018 0.050 0.568
c11-C20:1 0.05 0.05 0.05 0.003 0.869 0.295 0.075
c11,14-C20:2 0.04 0.02 0.02 0.005 0.393 0.358 0.454
c8,11,14-C20:3 0.02 0.02 0.02 0.001 0.851 0.944 0.394
c11,14,17-C20:3 0.008 0.010 0.013 0.001 0.097 <0.001 0.864
C20:5n-3 0.03 0.04 0.04 0.001 0.153 0.621 0.046
C21:0 0.51 0.58 0.65 0.029 0.078 <0.001 0.092
C22:0 0.11 0.10 0.11 0.007 0.599 0.254 0.203
c13-C22:1 0.011 0.008 0.009 0.001 0.378 0.405 0.328
c13,16-C22:2 0.01b 0.02ab 0.02a 0.001 0.025 0.316 0.016
C22:6 0.02 0.03 0.03 0.002 0.073 <0.001 0.170
C23:0 0.18b 0.23a 0.22ab 0.008 0.046 0.475 0.129
OFA 2.03 1.90 2.00 0.044 0.533 0.011 0.973
SFA 62.42 65.82 65.25 0.594 0.071 0.374 0.404
MUFA 32.48a 29.36b 30.22ab 0.411 0.014 0.880 0.804
PUFA 4.34 4.55 4.24 0.064 0.135 0.510 0.199
UFA 36.50 33.91 34.46 0.410 0.050 0.945 0.701
n-3 0.60 0.67 0.68 0.019 0.099 <0.001 0.331
n-6 3.73 3.77 3.55 0.063 0.331 0.689 0.509
LA/ALA 7.10a 6.47ab 5.83b 0.191 0.006 <0.001 0.606
Atherogenic index 0.72 0.82 0.81 0.016 0.057 0.126 0.821
Thrombogenic index 1.42 1.47 1.44 0.020 0.730 0.095 0.779
Apparent transfer of ALA (%) 2.83 3.38 3.78 0.200 0.140 0.003 0.790

HC6 = feed mixture containing 60 g/kg hempseed cake; HC12 = feed mixture containing 120 g/kg hempseed cake; D = diet effect; P = period effect (days 15, 30, and 45 of the
study period); FAMEs = fatty acid methyl esters; OFAs = odd fatty acids; SFAs = saturated fatty acids; MUFAs = monounsaturated fatty acids; PUFAs = polyunsaturated fatty
acids; UFAs = unsaturated fatty acids; LA/ALA = linoleic acid/linolenic acid.
a,b Values within a row with different superscripts differ significantly at P < 0.05.
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HC12 tended to have higher proportions of n-3 (P = 0.099) and a
significantly lowered LA/ALA ratio (P < 0.05) than control. The per-
iod influenced some fatty acids in milk, such as C10:0, C11:0, t9-
C18:1, ALA, C20:3, C21:0, C22:6, total odd fatty acids, n-3, and
LA/ALA as presented in Fig. 1. There were no interactions between
diet and period.

The addition of HC to goat diets did not have a substantial effect
on haemato-chemicals in the blood, except for GPx activity, which
was lower in the HC12 group compared to control (P < 0.05). In the
HC12 group, the serum urea concentration tended to be higher
(P = 0.059). In both experimental groups, MCV was lower
(P < 0.05) compared to control group (Table 7).
Discussion

In the present study, hay intake by goats was voluntary and was
estimated approximately per goat, based on group feeding. How-
ever, a difference in DM intake between different dietary treat-
5

ments was not expected, since the nutrient contents of feed
mixtures were similar and offered to goats in the same amount,
while diet formulations ensured that the dietary needs of individ-
ual goats were met. Allen (2000) reported the strongest response in
the DM intake of dairy cows to fat supplementation when fat was
added to the diet and not replaced with another source, while dif-
ferences in CP content of diets for lactating cows can be expected
to have relatively minor effects on DM intake.

Milk yield tended to increase when goats were fed HC12. Fur-
thermore, in the HC12 group, the concentration of milk urea was
higher than control, while no differences were detected between
the HC6 and control groups. This could be due to the lower effi-
ciency of converting dietary CP into milk protein which is also con-
sistent with its lower milk protein concentration in the present
study, although differences were not significant. Karlsson et al.
(2010) detected a linear increase in the milk urea concentration
as well as a decrease in the efficiency of converting dietary CP into
milk protein as dietary HC increased (above 143 g HC/kg DM) in
the diets. The HC6 diet resulted in a decrease in the lactose concen-



Fig. 1. Milk fatty acids influenced by study period (sampling at 15th, 30th and 45th days) of goats fed feed mixtures containing 60 or 120 g/kg of hempseed cake (HC6 and
HC12, respectively).
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tration, which agrees with the results of Mierlita (2018), who
reported a lower lactose concentration in milk from HC-fed ewes
compared to control group. However, minor differences among
groups in the present study were found.

The diet influenced the fatty acid profile of goat milk, likely due
to the difference in fatty acid profiles among the diets (Table 4). A
fatty acid analysis of feedstuffs showed differences, with the high-
est proportions of ALA in HC12 diet, compared to other groups.
Milk fatty acid profiles changed when goats were fed either HC6
or HC12 (Table 6); these diets led to a higher proportion of C10:0
compared with control, and capric acid contributes to the sensory
and nutritional properties of goat milk. This result could be due to
higher proportion of stearic acid (C18:0) in the control group,
which is an inhibitor of de novo fatty acid synthesis, mainly
C10:0-C16:0 (Chilliard et al., 2003). Both HC groups showed lower
proportions of C18:0 in milk than in control, likely due to a reduc-
tion in the complete biohydrogenation of dietary PUFA to C18:0
and lowered proportion of C18:0 in the HC feed mixtures. In con-
trast, there was a slight increase in milk saturated fatty acids, as
a result of increased saturated short-chain fatty acids, such as
C10:0, C11:0, and C14:0.

The HC6 and HC12 groups tended to have a higher proportion of
n-3 in milk compared to control. The intake of n-3 was probably
not high enough to result in a significant increase in milk n-3,
which agrees with previous studies related to addition of oilseeds
rich in ALA in ruminants’ diets (Klir et al., 2017; Goetsch, 2019).
Similar to the present study, Cozma et al. (2015) found no signifi-
cant differences in the proportion of ALA in milk of goats fed diets
enriched with ALA (alfalfa hay and concentrates containing 4.79%
of hempseed oil). Our results indicated that the transfer of n-3 from
feed to milk fat was very low. The efficiency of fatty acid transfer
from the diet to milk depends on the source of fat supplementation
and the interaction between the fat source and rumen microbes
(Cremonesi et al., 2018) as well as the partitioning to other tissues
(Mierlita, 2016). Since ALA is one of the fatty acids which is the
most intensively biohydrogenated, it had low apparent transfer
6

efficiency in milk fat which is reported in Table 6. Similar was
reported in the study by Büyükkılıç Beyzi et al. (2020) in which
low apparent transfer of ALA (3%) from feed to milk was observed
when feeding goats with hay-based diet and addition of fish oil in
concentrate feed. Even though HC12 did not lead to an increase in
ALA, the LA/ALA ratio was lower compared to control, consistent
with previous studies in which goats were fed diets rich in ALA
(Nudda et al., 2013; Klir et al., 2017).

There were some effects of the lactation period on certain fatty
acids as viewed in the Fig. 1, particularly short-chain fatty acids
(e.g. C10:0 and C11:0) and long-chain fatty acids (e.g. t9-C18:1,
ALA, C20:3, C21:0, and C22:6). These fluctuations could reflect
the higher uptake of dietary fatty acids by adipose tissues after
the peak lactation period (Chilliard et al., 1991). However, there
were no interaction effects of diet and period.

Haematological and biochemical parameters in lactating goat
blood were mostly unaffected by dietary treatments. A similar lack
of differences in WBC was observed by Iannaccone et al. (2019)
when ewes were fed TMR containing hempseeds. MCV was
reduced by HC6 and HC12. However, the observed differences in
the present study were minor and the variation was within the
physiological ranges for goats. The HC diets did not influence the
serum protein concentration, indicating that the utilization of
nitrogen after the degradation of crude proteins in the rumen likely
did not differ between groups. However, a tendency of increase
was observed in the concentration of urea in serum of HC12 goats,
which was higher than the reference value for the goats. The
results are consistent with higher urea concentrations in milk indi-
cating possible lower efficiency of converting dietary CP into milk
protein. The HC diets did not influence the energy status of goats,
based on the low concentrations of NEFA and BHBA (Table 7), sug-
gesting a positive energy balance in lactating goats. The addition of
feedstuffs rich in crude fat to ruminant diets may affect production
traits and health, including liver metabolism (Nudda et al., 2013).
Disagree with Nudda et al. (2013), our results did not show any dif-



Table 7
Effect of dietary hempseed cake on haemato-chemical parameters in blood of dairy lactating goats.

Parameters Diet SEM P-value Reference values1

Control HC6 HC12 D P D � P

Haematological parameters
WBC (�109 l) 11.04 10.63 12.03 0.391 0.358 0.970 0.977 10.1–12.9
RBC (�1012 l) 11.51 10.96 11.81 0.184 0.178 0.637 0.753 12.1–14.7
HGB (g/l) 87.19 84.43 90.11 1.385 0.276 0.649 0.968 90.5–100.6
HCT (l/l) 0.32 0.30 0.32 0.005 0.250 0.292 0.995 0.35–0.43
MCV (fl) 27.72a 26.74b 26.90b 0.120 0.004 0.395 0.967 28.0–29.5
MCH (pg) 7.56 7.49 7.60 0.059 0.728 0.081 0.771 7.09–9.29
MCHC (g/l) 273.56 280.47 283.19 2.566 0.326 0.413 0.871 244–314

Biochemical parameters (mmol/l)
Protein (g/l) 84.62 83.16 82.98 0.820 0.692 0.053 0.315 62–792

Albumin (g/l) 32.19 32.24 32.99 0.364 0.611 0.233 0.702 29–432

Urea 8.84 8.17 9.26 0.201 0.059 0.005 0.188 4.0–8.62

Glucose 3.69 3.42 3.44 0.060 0.115 0.002 0.616 2.4–4.02

Ca 2.27 2.36 2.38 0.025 0.168 0.009 0.592 2.3–2.92

P-inorganic 2.07 2.32 2.32 0.077 0.336 0.102 0.837 1.0–2.42

Mg 0.49 0.48 0.53 0.011 0.168 0.467 0.441 0.8–1.32

Fe (lmol/l) 22.65 24.69 24.31 0.630 0.345 0.022 0.402 19.6–26.013

Cholesterol 3.70 3.96 4.09 0.085 0.223 0.993 0.913 1.0–3.02

HDL 2.10 2.16 2.26 0.034 0.204 0.627 0.803 1.05–1.763

LDL 1.51 1.69 1.74 0.056 0.271 0.884 0.967 0.77–1.252

Tryglycerides 0.22 0.21 0.20 0.008 0.854 0.740 0.999 0.20 ± 0.024

NEFA 0.17 0.13 0.18 0.012 0.171 <0.001 0.583 0.11–0.213

BHBA 0.59 0.64 0.61 0.026 0.808 0.932 0.275 0.0–1.22

AST (U/l) 130.65 150.87 146.07 4.898 0.238 0.181 0.998 46–1612

ALT (U/l) 29.12 29.90 30.79 0.805 0.723 0.345 0.938 14–322

GGT (U/l) 49.32 53.82 57.80 1.592 0.107 0.060 0.853 34–652

SOD (U/ml) 0.33 0.27 0.26 0.017 0.224 0.855 0.982 0.23–0.245

GPx (U/l) 480.85a 441.23ab 383.56b 13.10 0.016 0.592 0.317 268–4445

HC6 = feed mixture containing 60 g/kg hempseed cake; HC12 = feed mixture containing 120 g/kg hempseed cake; D = diet effect; P = period effect (days 15, 30, and 45 of the
study period); WBC = leucocyte counts; RBC = erythrocyte counts; HGB = contents of haemoglobin; HCT = haematocrit; MCV = mean corpuscular volume; MCH = average
haemoglobin content in erythrocytes; MCHC = mean haemoglobin concentration in erythrocytes; HDL = high-density lipoprotein; LDL = low-density lipoprotein;
NEFAs = non-esterified fatty acids; BHBA = b-hydroxybutyrate; GPx = glutathione peroxidase; SOD = superoxide dismutase; AST = aspartate aminotransferase; ALT = alanine
aminotransferase; GGT = gamma-glutamyl transferase.

1 Antunović et al. (2013) = determined in goats’ blood during lactation.
2 Jackson and Cockcroft (2002).
3 Antunović et al. (2017) = determined in goats’ serum during lactation.
4 Cappai et al. (2019) = determined postpartum in goats’ serum.
5 Kapusta et al. (2018) = determined in plasma of lactating cows.

a,b Values within a row with different superscripts differ significantly at P < 0.05.
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ference in AST and ALT activities in the blood, indicating no cell
damage or inflammatory processes in the liver.

The antioxidant status of the serum differed between the HC12
group and the control, as evidenced by decreased GPx activity but
not SOD activity (Table 7). Oxidative stress, as a result of an imbal-
ance between oxidants and antioxidants, can be observed from the
early- to late-lactation stage, associated with a different lipomobi-
lization in the adipose tissue of goats (Karapehlivan et al., 2013).
Vazquez-Anon et al. (2008) observed increased SOD and GPx activ-
ity in the serum when antioxidants were added to the diet. Unsat-
urated fats added to the diets of ruminants may cause oxidative
stress if these dietary fats are not stabilized (Adeyemi et al.,
2016). In the present study, the HC12 feed mixtures contained
higher proportions of ALA (Table 4) than control group, which
could result in a decrease in serum GPx activity. The GPx activity
in the present study was lower when HC12 was included in goat
diets, suggesting reduced antioxidant defence, while HC6 pre-
served the antioxidant status.

Conclusions

The current findings indicated that HC may be used as a feed-
stuff rich in crude proteins and lipids in feed mixtures for lactating
dairy goats. Based on the study results, HC6 was more suitable
with respect to chemical composition of milk and haemato-
chemical parameters, especially antioxidant status, compared to
HC12. Although HC12 diets lowered LA/ALA ratio in milk, they also
increased milk urea concentrations, and worsened antioxidant sta-
7

tus by decreasing GPx activity in serum. Further studies should
evaluate the technological properties of goat milk, which will
improve our understanding of whether HC is suitable for goats
with respect to milk quality.
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Zvonko Antunović: https://orcid.org/0000-0002-4922-705X.

Author contributions
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