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Abstract. The objective of this study was to determine the effect on goat kids of supplementation with protein–
xanthophyll concentrate (PX) obtained from alfalfa (Medicago sativa). Assessments were made on carcass dress-
ing percentage and the lipid profiles of muscle tissue. When the animals reached 30 days old (the start of the
fattening period), they were allocated to two feeding groups: a control group (K), which received a standard con-
centrate diet, and an experimental group (D), which was fed a modified control diet where 3 % of the soybean
meal was replaced with an alfalfa protein–xanthophyll preparation (PX). For the rest of the study the kids had ad
libitum access to dam milk, hay and their respective diets. After 90 days of rearing (from the end of the fattening
period up to when the kids were approximately 120 days of age), five (male) kids were randomly selected from
each group and slaughtered. Overall, PX supplementation in goat kids does not affect any parameters of fatten-
ing, such as slaughter weight, daily weight gains or dressing percentage. However, beneficial effects of feeding
with PX concentrate were found in a higher loin percentage and improved tissue composition resulting from
lower fat tissue content. Moreover the PX dietary supplement improved the chemical composition of the muscle
tissue by increasing the content of protein and unsaturated fatty acids. Taken together, our results suggest that
supplementing the fattening diet for goat kids with the PX preparation did not affect the quantitative parameters
of fattening but had a positive influence on the quality of carcass composition.

1 Introduction

In the production of food animals, raw meat quality largely
depends on the type and quality of feed as well as sup-
plements added to the feed (Thacker, 2013; Grela and
Kowlaczuk, 2007). As antibiotic growth promoters were
banned from European Union states on 1 January 2006, sub-
sequent studies have focused on natural and safe additives
that could be incorporated into animal diets. Particular at-
tention has been paid to plant-derived preparations contain-
ing phytochemicals with nutraceutical properties. One such
preparation is a protein–xanthophyll concentrate (PX) ob-
tained from alfalfa (Medicago sativa). This product contains

55–60 % general protein with a rich amino acid composi-
tion, high content of polyunsaturated fatty acids and xantho-
phyllous natural yellow dye (1200–2200 mgd−3) (Grela and
Pietrzak, 2014). The concentrate has a high chlorophyll con-
tent, easily absorbable iron and other important mineral com-
ponents indispensable for the proper functioning of physio-
logical processes.

PX is an important supplement because it can be included
in both human and animal diets (Bresson et al., 2009; Gaweł,
2012). The preparation constitutes an excellent source of
protein, vitamins and other nutrients and promotes optimal
health and growth of juvenile animals (Grela and Pietrzak,
2014). Indeed, studies have indicated PX is effective in hu-
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man nutrition (Vyas et al., 2010) as well as the feed of poultry
(Grela et al., 2014), pigs (Ueda and Ohshima, 1989), rabbits
(Asgary et al., 2008), cattle, sheep and even fish (Rechulicz
et al., 2014). Overall, the studies showed PX concentrate
from alfalfa improves animal performance as well as the
quality of products from the animals (such as meat, milk and
eggs) and modifies blood metabolite profiles in the animals.

Alfalfa PX can be used as a dietary supplement in both
monogastric and ruminant animal feed, which is another ad-
vantage of this preparation for the production of safe food.
Positive results from a variety of farm animal species (Davys
et al., 2011; Grela et al., 2008; Krauze and Grela, 2010) sug-
gest that PX may have utility as a supplement in the diet of
goat kids. There would be benefits from replacing 3 % of soy-
bean meal with PX concentrate in the diet of goat kids. The
replacement should be considered in terms of both its quan-
titative and its qualitative aspects. The quantitative aspects
include production parameters (such as animal growth and
dressing yields), while qualitative aspects cover tissue com-
position and nutritive value expressed by the fatty acid pro-
files in the muscle tissue.

The nutritive value of goat kid meat for humans is well
established and recognized. Furthermore, kids are easily ac-
climated to a wide range of habitats, which makes it easy
to increase the size of the herd and produce valuable animal
food products for human consumption (Anaeto et al., 2010).

The objective of this study was to determine the effect of
supplementation with PX on goat kids. Assessments were
made on carcass dressing percentage and the lipid profiles
of muscle tissue.

2 Materials and methods

The study was conducted in duplicate (in 2012 and 2013) and
included 82 Saanen goat kids. A total of 38 (19 control and
19 experimental group) kids were studied in 2012, and 44
(22 control and 22 experimental group) kids were studied in
2013. During both studies the sex ratios (of young male buck-
lings and young female doelings) were similar in the groups.
Ethical approval was obtained from the local ethics commis-
sion (consent form number 8/2013). The animals were main-
tained under uniform environmental and feeding conditions
with constant zootechnical and veterinary supervision.

When the kids reached 30 days old (the start of the fatten-
ing period), they were allocated to two feeding groups: a con-
trol group (K), which received a standard concentrate diet,
and an experimental group (D), which was fed a modified
control diet where 3 % of the soybean meal was replaced with
an alfalfa protein–xanthophyll preparation (Table 1). For the
rest of the study, the kids had ad libitum access to dam milk,
hay and their respective diets.

The kid body weights were recorded at birth and at the
beginning and end of the fattening period. These measure-
ments were used to calculate the daily weight gain during the

Table 1. Ingredient composition (by percent of dry weight), nutri-
tional value of the analyzed diets and forage intake in the groups of
animals.

Item Group
Control Experimental
n= 41 n= 41

Oats 38 38
Wheat 15 15
Barley 15 15
Wheat bran 15 15
Dry beet pulp 8 8
Soybean meal 8 5
Protein–xanthophyll concentrate – 3
Mineral–vitamin additivea 1 1
1 kg mixture contained the following:
crude protein (gkg−1) 113 131
net energy (MJ kg−1)b 6.74 5.93
forage intake (kgkg−1 of body weight) 2.2 1.9

aComposition of mineral–vitamin mixture kg−1: vitamin A – 600 000 IU; vitamin D –
50 000 IU; vitamin E – 600 mg; vitamin B1 – 25 mg; vitamin B2 – 20 mg; vitamin B6 –
17 mg; vitamin B12 – 250 µg; nicotinic acid – 500 mg; folic acid – 5 mg; biotin – 10 mg;
calcium – 210 g; phosphorus – 40 g; magnesium – 30 g; sodium – 80 g; zinc – 4 g;
manganese – 2 g; iodine – 50 mg; selenium – 130 mg; cobalt – 30 mg.
b Net energy (MJ kg−1 of the feed) calculated according to the formula given in Tables of
composition and nutritional value of feed materials (Sauvant, 2002).

fattening season. After 90 days of rearing (from the end of
the fattening period up to when the kids were approximately
120 days of age), 5 kids (only male) were randomly selected
from each group and slaughtered (20 in total). After 24 h
cooling at 4 ◦C, the carcasses were divided into primary cuts
followed by detailed leg dissection according to the proce-
dure outlined by Krupiński et al. (2009). The longest muscle
(musculus longissimus) was sampled for laboratory analyses
of the muscle tissue. The basic chemical composition was de-
termined by analyzing the contents of dry matter, crude pro-
tein, ether extract and ash according to AOAC methods (La-
timer, 2012).

The longissimus musculus samples were analyzed for
cholesterol and fatty acid contents. The separation and quan-
tification of fatty acid methyl esters were carried out us-
ing a gas chromatograph (Varian 450-GC). The chromato-
graph operating conditions for fatty acid separation were
as follows: the capillary column was a CP-WAX 52CB
(0.25 mm× 60 m length); the gas carrier was helium with
a flow rate of 1.4 mL min−1; the column temperature was
initially 120 ◦C, gradually increased by 2 ◦C min−1 up to
210 ◦C; the determination time was 127 min; the feeder tem-
perature was 160 ◦C; the detector temperature was 160 ◦C;
and the other gases were hydrogen and oxygen. The choles-
terol contents of the organs and tissues were measured using
the colorimetric method described by Rhee et al. (1982).

All the results were analyzed statistically using Harvey’s
least square method (1987). The statistical analysis included
the linear model

yijk = µ+Gi +Rj + (GR)ij + eijk, (1)
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Table 2. The body weights and daily gains of the goat kids.

Specification Group
Control
n= 41

Experimental

n= 41

Initial body
weight (kg)

LSM
SE

12.0
0.2

12.2
0.1

Body weight after
fattening (kg)

LSM
SE

25.7
1.3

26.5
1.1

Daily weight gain
during fattening
period (g)

LSM
SE

152
7

158
9

where yijk is the level of the studied trait, µ is the arithmetic
mean for the population,Gi is the effect (i) of a group (i = 1
or 2), Rj is the effect (j ) of the research year (j = 1 or 2),
(GR)ij is the effect of the interaction group with the sampling
year and eijk is the random error.

The statistical analyses were performed using SAS (SAS
v.9.1.3., 2003). Significant differences between the means
were determined using Duncan’s multiple range test at both
0.05 and 0.01 significance levels. The results are presented as
the means of least squares for each trait (LSM) and standard
error (SE) considering only the effect of a group.

3 Results

The effect of the research year and group interaction (re-
search year× group) did not affect any of the outcome pa-
rameters. Therefore, the results from both research years
have been combined and are presented as averages.

At the onset of the fattening period the kids’ body weight
in both groups was similar at around 12 kg (Table 2). After
90 days of fattening, there was a higher body weight in the
kids fed the diet supplemented with 3 % alfalfa PX compared
to the control group (26.5 and 25.7 kg, respectively), but it
was not statistically significant. An important parameter of
kid growth is daily weight gain. Throughout the time when
the groups were fed the analyzed diets (the fattening period),
the daily gains in the experimental group were higher by
around 4 % compared with their peers in the control group,
but this was not statistically significant.

The results obtained at slaughter showed that the cold car-
cass weight and, consequently, the dressing yield were higher
in the experimental group in comparison to the control group
by approximately 5 and 2 %. Data illustrating the percentage
of each cut, kidneys and perirenal fat in a carcass are sum-
marized in Table 3.

The experimental group of young male goat kids fed a diet
including the PX additive yielded higher percentages (p <
0.05) of both loin (by 8 %) and kidney fat (by 20 %) com-
pared to the control group. The percent yields of the other
cuts in the carcass were similar in both groups. In addition to
the primal cuts, a detailed dissection of the leg was performed

Table 3. Percentage of primal cuts, kidneys and perirenal fat ob-
tained from the carcasses (%).

Item Group
Control
n= 10

Experimental

n= 10

Neck LSM
SE

7.73
0.27

7.63
0.19

Forequarter LSM
SE

8.98
0.54

9.01
0.30

Shoulder LSM
SE

16.93
0.94

16.24
0.43

Flank with breastbone LSM
SE

17.36
0.43

17.33
0.44

Foreshank LSM
SE

4.74
0.06

4.60
0.14

Hind shank LSM
SE

5.67
0.05

6.00
0.34

Rack LSM
SE

5.91
0.18

5.72
0.14

Loin LSM
SE

6.50∗

0.17
7.04∗

0.24
Leg LSM

SE
23.57
0.35

23.13
0.38

Valuable cuts LSM
SE

35.98
0.44

35.89
0.37

Kidney LSM
SE

0.83
0.03

0.86
0.07

Kidney fat LSM
SE

1.78∗

0.25
2.14∗

0.42
Cold carcass weight (kg) LSM

SE
12.3
1.0

12.9
0.5

Cold dressing yield (%) LSM
SE

47.8
1.05

48.8
0.8

∗p ≤ 0.05.

Table 4. Percent tissue composition in the goat legs (%).

Item Group
Control
n= 10

Experimental

n= 10

Meat LSM
SE

70.0
0.7

70.1
1.3

Fat LSM
SE

7.6∗

0.8
6.1∗

1.0
Bones LSM

SE
22.4
0.7

23.8
1.2

∗p ≤ 0.05.

to analyze tissue composition, and the results are summa-
rized in Table 4.

The data show that both muscle and bone tissue contents in
the kids from both groups were at very similar levels. How-
ever, the experimental-group animals were found to have
a lower leg fat content by around 20 % (p < 0.05).
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Table 5. Chemical composition of goat kid muscle tissue by percent
(%).

Item Group
Control
n= 10

Experimental

n= 10

Dry matter LSM
SE

25.5
0.2

25.4
0.21

Protein LSM
SE

21.6∗

0.2
22.3∗

0.11
Fat LSM

SE
2.02∗∗

0.11
1.54∗∗

0.09
Ash LSM

SE
1.31
0.02

1.32
0.03

∗p ≤ 0.05; ∗∗p ≤ 0.01.

Within the muscle tissue itself the analysis of composition
(Table 5) revealed that the kids receiving the PX concentrate
diet had higher (p < 0.05) protein levels (22.3 %) compared
with the control group (21.6 %). As for fat, a difference was
observed in the adipose content, which was 23.7 % lower
(p < 0.01) in the kids from the experimental group compared
to the control group. The contents of dry matter and ash were
similar among the groups.

Further analyses of the muscle tissue were performed to
assess fatty acid composition. Eleven different fatty acids
containing 10–20 carbon atoms were identified and are pre-
sented in Table 6. Of the 11 fatty acids we identified, cis-9-
octadecenoic (oleic, C18:1) acid was the most common, hex-
adecanoic (palmitic, C16:0) acid was the second most com-
mon and octadecanoic (stearic, C18:0) was the third most
common. There were detected lower amounts of 7 out of the
11 identified fatty acids in the experimental group. In particu-
lar, capric (C10:0) and lauric (C12:0) acid contents were lower
by 50 and 28 %, respectively, in the experimental group.

On the other hand, several unsaturated fatty acids were
found to be higher in the experimental group, includ-
ing linoleic (C18:2), gamma-linolenic (C18:3n6) and alpha-
linolenic (C18:3n3) acid. Comparing the levels of fatty acids
by group (Table 7) showed that the unsaturated fatty acid
content was 5 % higher in the experimental group, while the
saturated fat content was lower (p < 0.01). The ratio of un-
saturated to saturated acids was higher (p < 0.05) in the ex-
perimental group as was the ratio of monounsaturated fats
to polyunsaturated fats. Furthermore, the goat kids fed PX
in their diet had a reduced (p < 0.05) cholesterol content in
their muscle, by 10.1 %, compared to the control.

4 Discussion

The production parameters (body weight gain, dressing per-
centage) assessed in the present study were not affected by
the diet. We conclude the PX dietary additive did not affect

Table 6. Percentage of fatty acids identified in the lipid fraction of
muscle tissue (%).

Item Group
Control
n= 10

Experimental

n= 10

C10:0 LSM
SE

0.25∗∗

0.02
0.12∗∗

0.01
C12:0 LSM

SE
0.39∗

0.07
0.28∗

0.06
C16:0 LSM

SE
21.99
0.28

21.13
0.44

C18:0 LSM
SE

14,97
0.21

13.47
0.28

C15:1 LSM
SE

0.12
0.01

0.23
0.06

C18:1 LSM
SE

46.22
0.83

47.36
0.61

C20:1 LSM
SE

0.15
0.01

0.18
0.01

C18:2n6 LSM
SE

3.80∗

0.23
4.92∗

0.16
C18:3n6 LSM

SE
0.07∗∗

0.01
0.13∗∗

0.01
C18:3n3 LSM

SE
0.31∗∗

0.02
0.45∗∗

0.04
C20:2 LSM

SE
0.24
0.06

0.28
0.06

C20:3n6 LSM
SE

0.16
0.02

0.19
0.04

∗p ≤ 0.05; ∗∗p ≤ 0.01.

the production parameters under study. From an economic
point of view, it is important that the values observed in the
present study were close to those obtained under similar fat-
tening protocols for goat kids reported by other authors, such
as Naderer (1999) and Ringdorfer (2001). A lack of effect of
alfalfa in the diet of goat kids on their growth and slaugh-
ter performance is also corroborated in the literature (Philips
et al., 2002). In that study, the authors enriched a diet used to
fatten goat kids with dried alfalfa at an amount comparable
to the level of PX concentrate used in the present study and
likewise found no influence on weight gain. Further studies
should investigate whether the production parameters could
be improved in other goat breeds and crossbreeds and also
during the finishing stage. We did find positive differences
due to diet in the primal cuts of the carcasses. It was found
that the PX alfalfa supplement improved the loin content in
the carcasses, the cut recognized as the most desired for culi-
nary purposes. Its percentage was higher by 8.3 %, and this
suggests that the PX additive may have major implications
for qualitative parameters and warrants further research. The
present study also found the PX preparation contributes to
increased fat tissue, mainly perirenal fat. However, as these
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Table 7. Percent fatty acid and cholesterol profiles in the lipid fraction of the goat kid muscle (%).

Item Group
Control

n= 10

Experimental

n= 10

Fatty acids saturated (SFA) LSM
SE

43.07 ∗∗

0.51
40.32 ∗∗

0.33
unsaturated (UFA) LSM

SE
56.92 ∗∗

0.51
59.67 ∗∗

0.33
monounsaturated (MUFA) LSM

SE
51.82
0.86

53.10
0.94

polyunsaturated (PUFA) LSM
SE

6.03 ∗

0.74
7.75 ∗

0.78
MUFA/PUFA LSM

SE
0.11 ∗

0.01
0.14 ∗

0.01
UFA/SFA LSM

SE
1.32 ∗

0.02
1.48 ∗

0.01
Cholesterol, mg/100 g LSM

SE
71.4 ∗

1.9
64.2 ∗

1.7

∗p ≤ 0.05; ∗∗p ≤ 0.01.

fat depots are normally removed after slaughter, the culinary
or nutritional quality of the goat muscle tissue is not dimin-
ished.

Indeed, tissue composition is one of the essential compo-
nents in assessments of carcass quality and slaughter value
of goat kids. In this study, to reduce time and labor costs,
carcass tissue composition was analyzed based on a detailed
dissection of the leg. Such an analysis is considered reliable
both from the authors’ personal experience as well as accord-
ing to literature data (Tahir et al., 1994). The present find-
ings on tissue composition in the control group are consis-
tent with those reported by other authors (Mioc, 2001; Ring-
dorfer, 2001) on standard kid carcasses. Importantly, we did
observe a difference between the feeding groups in the adi-
pose tissue content in the leg. The fat content was reduced by
approximately 24 % without any reduction in muscle tissue
in the goats fed the 3 % PX concentrate. This shift in tissue
composition considerably improves the nutritional and culi-
nary qualities of the meat.

If the healthiest food products promote positive human
physiological functions and reduce disease risks, it is not sur-
prising that much criticism has arisen regarding products of
animal origin (such as meat and milk) because of their high
fat content and their fatty acid profiles. It has been reported
that for optimal health, the human body requires 30 % of to-
tal energy intake to be derived from fat and specifically that
one-third should come from saturated fats, more than one-
third from monounsaturated fats and less than one-third from
polyunsaturated fatty acids. The content of each fatty acid in
a living organism is dependent on a number of factors, diet
and dietary supplements playing pivotal roles among them
(Webb and O‘Neal, 2008). In the current study, the analy-

sis of each fatty acid group showed that the PX supplement
had a positive and significant effect on kid muscle lipid frac-
tions by increasing unsaturated fatty acid levels and at the
same time decreasing saturated fatty acid levels. Beneficial
changes were also observed in polyunsaturated fatty acid
contents and the ratios between the different types of fats.

Aside from fatty acids, cholesterol content is also associ-
ated with food quality, and the present research has indicated
a significant relationship between PX dietary inclusion and
cholesterol content in goat kid muscles. Specifically, choles-
terol content was approximately 10 % lower in the experi-
mental group supplemented with PX. This is a novel finding,
as we are aware of no literature addressing the subject of the
influence of the PX concentrate on the content of fatty acids
or cholesterol in goat kid meat. Several studies have con-
cluded a link between diet and fat profiles in ruminants, such
as those by Banskalieva et al. (2000), Juarez et al. (2008),
Kesava-Rao et al. (2003), Niedziółka et al. (2006) and Sheri-
dan et al. (2003).

5 Conclusions

Overall, PX supplementation in goat kids does not affect
any parameters of fattening such as slaughter weight, daily
weight gains or dressing percentage. However, beneficial ef-
fects of feeding PX concentrate were found in higher loin
percentage and improved tissue composition due to lower
fat tissue content. Moreover, the PX dietary supplement im-
proved chemical composition of the muscle tissue by increas-
ing the content of protein and unsaturated fatty acids. Taken
together, our results suggest that supplementing the fatten-
ing diet for goat kids with the PX preparation did not affect
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quantitative parameters of fattening but had a positive influ-
ence on the quality of carcass composition.
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