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Introduction

Genetic progress in broiler chicken breeding in-
creases the profitability of this branch of agricultural 
production on the one hand. On the other hand, im-
balance and mis-synchronization in the growth of 
bird’s anatomical parts can be observed. This leads 
to development of many skeletal diseases and ab-
normalities (Dibner et al., 2007). The causes of bone 

disorders in broiler chickens are usually complex, 
but the problem can be alleviated by appropriate nu-
trition. 

Among various chicken feeds, soyabean meal is 
the major source of protein (Hammershøj and Steen-
feldt, 2005). Due to the limitations imposed on ge-
netically modified (GM) feeds, alternative sources 
of protein components supplied to feed are being 
searched. Lucerne protein concentrate (LPC) can 

ABSTRACT. The aim of this study was to determine the effect of addition of lu-
cerne protein-xanthophyll concentrate (LPC) on physicochemical, morphomet-
ric and strength characteristics of bone tissue as well as growth performance 
and selected slaughter parameters in broiler chickens. One hundred fifty broil-
ers were assigned to three treatment groups, each group was replicated five 
times (10 birds in each). The control group (C) was fed a standard feed mixture 
without the experimental additive. The soyabean meal in the experimental diets 
was replaced with LPC in an amount of 1.5% (group 1.5% LPC) or 3.0% (group 
3% LPC). In comparison with group C, the LPC doses increased chicken body 
weight on day 21 of rearing, reduced the mortality rate by 50%, increased 
pectoral muscle weight and reduced the content of abdominal fat by 42.5% 
and 51.5%, respectively. Addition of 3% of LPC increased the chilled carcass 
weight by 13.2% and slaughter yield by 2.98%, as compared with group C. The 
greatest length and the largest circumference of tibia and the highest values of 
the secondary moment of inertia (Ix) and mean relative wall thickness (MRWT) 
of femur and tibia were noted in the LPC-treated chickens. The obtained results 
indicate that the LPC supplementation enhanced bone mechanical strength 
resulting from the increase in the geometric parameters (Ix and MRWT) as well 
as the cortical layer thickness. The bones were characterized by higher flexibil-
ity and breaking strength. The increased content of Ca and Zn and the higher 
value of the bone density index indicate normal bone mineralization.
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be one of the alternatives to the expensive soyabean 
and it’s GM version (Grela et al., 2013). LPC con-
tains about 55% of crude protein, which is rich in 
exogenous amino acids. It is also a source of natural 
antioxidants (xanthophyll and its derivatives), vi-
tamins (A, B1, B6, B12, C, E, K), minerals (mainly 
Fe and Cu), and saturated (C16:0), monounsatu-
rated (C16:1, C18:1) and polyunsaturated (C18:2n-6, 
C18:3n-3) fatty acids (Grela et al., 2013).

As a feed additive, LPC exerts a positive effect 
on the animal organism. Addition of LPC to animal 
diet was reported to enhance growth performance, 
increase feed efficiency, and improve the quality of 
meat and eggs (Karwowska et al., 2010; Krauze and 
Grela, 2010; Grela et al., 2014).

In the study conducted by Güçlu et al. (2004) 
on quails, addition of 3, 6 and 9% of lucerne to the 
diet had no significant effect on body weight, the 
feed intake and feed conversion ratio. Administration 
of lucerne in combination with ryegrass in the diet 
for laying hens reduced weight gain and feed intake 
(Mourão et al., 2006). As shown by Dong et al. (2007), 
addition of lucerne extract (Polysavon) reduced the 
accumulation of abdominal fat but exerted no effect 
on chicken performance. In investigations performed 
on growing turkeys, the highest weight gain and the 
lowest feed intake were found at addition of 3% of 
LPC, and the lucerne preparation reduced the num-
ber of bird deaths in the experimental groups (Krauze 
and Grela, 2010). In ducks fed lucerne-supplemented 
diet (3, 6 and 9%), there were no differences in the 
body weight, average daily gains, mortality rate and 
feed intake compared with the control group (Jiang et 
al., 2012). Partial replacement of soyabean meal with 
lucerne in laying hen nutrition did not have adverse 
effects on production traits (Laudadio et al., 2014). 
There are only a few studies indicating a possible ef-
fect of lucerne addition on bone formation processes, 
which are essential for animal welfare (Yıldız and 
Alpay, 2008). Furthermore, it has been found that 
polyunsaturated fatty acids can have an effect on the 
skeletal system, in both humans and animals, but the 
effect is not entirely clear (Shen et al., 2006). The 
available literature does not provide data on the effect 
of LPC on bone quality in broiler chickens. There-
fore, we hypothesized that the addition of the lucerne 
concentrate to feed mixtures can complement and 
balance the nutritional composition of the feed, there-
by contributing not only to improvement of growth 
performance but also to enhancement of Ca and P ab-
sorption, which may have a beneficial effect on the 
physicochemical and bone strength parameters. 

Hence, the aim of the study was to determine 
the impact of LPC on the physicochemical, morpho-

metric and strength of broiler bones and on the pro-
duction yields and slaughter yield parameters.

Material and methods
All procedures applied during the research were 

approved by the Local Ethics Committee for Animal 
Testing at the University of Life Sciences in Lub-
lin (Poland; Resolution No. 4/2009 of 20th January 
2009). The chickens were maintained in an animal 
house according to the guidelines of the Committee. 
The experiment complied with the Guiding Princi-
ples for Research Involving Animals.

Experimental design, birds and diets
In total, 150 1-day-old Ross  308 male broiler 

chicks with an average initial weight of 37.9 ± 2.73 g 
(mean  ±  standard deviation, SD) were used. The 
experiment was conducted over 42 days. The birds 
were weighed individually at the beginning of the 
experiment and labelled with wing tags on day 1 of 
rearing. The chickens were reared in cages located 
in a room with controlled temperature and humidity. 
Throughout the experiment, the 24-h lighting was 
provided. In the first week, the chickens were kept 
at a temperature of 33 °C, which was then lowered 
stepwise by 2  °C at 1-week intervals to the final 
value of 24 °C.

In the study, a  3-phase feeding programme 
was carried out: starter from day  1 to 21, grower 
from day 22 to 35 and finisher from day 36 to 42  
(Table  1). The grower and finisher mixtures were 
administered in the form of pellets, while the start-
er mixture was in the crumble form. The chickens 
were randomly allotted to three dietary treatments, 
each treatment was replicated five times (10 birds 
in each). The control group (C) was fed according 
to the NRC requirements (1994). The experimen-
tal groups were fed mixtures supplemented with 
1.5% and 3% of LPC produced by Desialis-France  
Luzerne (Désialis, Châlons-en-Champagne, France) 
(Grela et al., 2013), which replaced soyabean meal 
(Table 2). From day 1 to 42 of age, all the chickens 
had ad libitum access to water and feed.

Sampling and measurements
During the experiment, the chickens were 

weighed on day 10, 21, 35 and 42 of rearing. The 
feed intake and mortality were monitored, which 
allowed determination of the index of feed intake 
(FI) and the feed conversion ratio (FCR). On day 
42, 10  representative chickens per group were se-
lected according to the average weight. Before the 
slaughter, the birds were subjected to a 8-h fasting 
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(with unlimited access to water). The slaughter and 
post-slaughter processing of the chickens from all 
the experimental groups was carried out in the same 
specified technological conditions. On the slaugh-
ter day, the chickens were weighed to determine the 
pre-slaughter weight. The slaughter was performed 
by a person authorized to slaughter experimental 
animals. The slaughter involved stunning, which 
causes rapid and persistent loss of sensation and 
perception, followed by intersection of blood ves-
sels and exsanguination. Next, the chickens were 
subjected to burning (semi-burning at a temperature 

of 50–52 °C for 90–180 s) and the feathers were re-
moved. The edible parts (liver, heart, stomach) were 
separated and weighted. The carcasses were cooled 
at a temperature below 4 °C for 24 h and subjected 
to a  simplified slaughter analysis, which consisted 
of sampling and weighing pectoral and leg muscles, 
abdominal fat, as well as femurs and tibias. Mea-
surements of both parts of the carcass were used for 
determination of their percentage proportion in the 
body weight. In turn, the femurs and tibias used for 
further analysis were collected from the right side of 
the carcass. 

Table 1. Ingredients and nutrient contents in feed mixtures according to feeding phases, %

Indices
Starter (1–21 days) Grower (22–35 days) Finisher (36–42 days)

C1 1.5% 3.0% C 1.5% 3.0% C 1.5% 3.0% 
LPC2 LPC LPC

Ingredients
maize 24.7 24.7 24.7 30.0 30.0 30.0 30.0 30.0 30.0
wheat 42.7 42.7 42.7 35.9 35.9 35.9 36.8 36.8 36.8
soyabean meal (46% CP) 25.0 23.5 22.0 26.5 25.0 23.5 25.7 24.2 22.7
soyabean oil 2.5 2.5 2.5 4.0 4.0 4.0 4.5 4.5 4.5
monocalcium phosphate 0.86 0.86 0.86 0.9 0.9 0.9 0.72 0.72 0.72
limestone 1.4 1.4 1.4 1.1 1.1 1.1 0.93 0.93 0.93
sodium bicarbonate 0.08 0.08 0.08 0.8 0.08 0.08 0.05 0.05 0.05
NaCl 0.29 0.29 0.29 0.25 0.25 0.25 0.25 0.25 0.25
vitamin–mineral premix3 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
fat-protein concentrate4 1.0 1.0 1.0 - - - - -
choline chloride 0.08 0.08 0.08 0.07 0.07 0.07 0.04 0.04 0.04
DL-methionine 99% 0.30 0.30 0.30 0.22 0.22 0.22 0.20 0.20 0.20
L-lysine HCl 0.36 0.36 0.36 0.25 0.25 0.25 0.21 0.21 0.21
L-threonine 99% 0.18 0.18 0.18 0.06 0.06 0.06 0.05 0.05 0.05
Calprona PL (acidifier) 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4
LPC - 1.5 3.0 - 1.5 3.0 - 1.5 3.0

Nutrient content
ME, MJ/kg5 12.66 12.51 12.34 13.02 13.05 13.00 13.15 13.17 13.13
crude protein, %6 20.10 19.77 19.34 19.03 19.07 19.04 18.29 18.31 17.86
crude fibre, %6 3.05 3.01 2.96 2.93 2.96 2.91 2.98 2.96 2.90
lysine, %6 1.29 1.27 1.25 1.10 1.11 1.09 1.05 1.06 1.04
methionine, %6 0.59 0.59 0.58 0.49 0.50 0.49 0.46 0.47 0.47
methionine + cystine,%6 0.93 0.92 0.91 0.81 0.81 0.80 0.78 0.79 0.78
tryptophan, % 0.23 0.23 0.22 0.20 0.21 0.21 0.20 0.21 0.21
arginine, %6 1.27 1.24 1.21 1.18 1.19 1.16 1.16 1.17 1.14
Ca, %6 0.88 0.87 0.89 0.94 0.95 0.89 0.82 0.83 0.81
P available, %5 0.42 0.41 0.41 0.49 0.48 0.41 0.37 0.38 0.38
total P, %6 0.67 0.66 0.65 0.64 0.66 0.65 0.61 0.62 0.61
Na, %6 0.15 0.16 0.16 0.13 0.14 0.14 0.13 0.14 0.14
Zn, mg6 49.1 49.2 49.4 49.5 49.6 49.3 49.8 49.5 49.7
Fe, mg6 89.9 90.4 90.8 59.9 60.2 60.5 59.8 60.4 60.2
Cu, mg6 18.8 19.2 19.4 18.8 18.2 18.1 18.9 18.1 18.3

1 C – control; 2 LPC – lucerne protein concentrate; 3 provided per kg feed (for feeding periods 1–21, 22–35 and 36–42 days, respectively): UI: 
vit. A 15 000, 12 000, 12 000, vit. D3 5 000, 5 000, 5 000; mg: vit. E 75, 50, 50, vit. K3 4, 3, 2, vit. B1 3, 2, 2, vit. B2 8, 6, 5, vit. B6 5, 4, 3, biotin 
0.2, 0.2, 0.05, folic acid 2, 1.75, 1.5, nicotic acid 60, 60, 60, pantothenic acid 18, 18, 18, choline 1 800, 1 600, 1 600, Mn 100, 100, 100, I 1, 1, 
1, Zn 100, 100, 100, Fe 40, 40, 40, Cu 16, 16, 16, Se 0.15, 0.15, 0.15; μg: vit. B12 0.016, 0.016, 0.011; 4 kg of protein-fat concentrate contained: 
39% crude protein, 2% crude fat, 10.8 MJ ME; 5 calculated values: ME – calculated according to European Table of Energy Values for Poultry 
Feedstuffs (Janssen, 1989) as sum of metabolizable energy content of components; 6 analysed values
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Table 2. Nutrient contents in 1 kg of lucerne protein concentrate (LPC) 
and soyabean meal, dry matter basis
Nutrients LPC1 Soyabean meal2 
Crude protein, g 552.1 474.0
Histidine, g 12.1 12.2
Isoleucine, g 23.3 21.1
Leucine, g 44.9 35.5
Lysine, g 30.5 28.1
Methionine, g 10.0 6.4
Phenyloalanine, g 27.2 19.8
Threonine, g 22.2 18.3
Tryptophan, g 11.8 6.2
Valine, g 29.8 22.4
Tyrosine, g 20.4 13.6
Arginine, g 29.4 34.4
Crude fat, g 108.6 10.0
Crude fibre, g 6.3 38.0
Crude ash, g 104.8 60.0
Ca, g 32.7 3.5
P, g 7.92 5.4
K, g 7.41 17.2
Na, g 0.13 0.4
Mg, g 1.45 2.4
Fe, mg 471.2 186.0
Cu, mg 10.51 15.8
Zn, mg 17.33 50.0
Vitamin E, mg 424.7 2.7
Saturated fatty acids, g 21.4 14.63

Monounsaturated fatty acids, g 9.4 22.093

Polyunsaturated fatty acids, g 56.6 56.463

1  Grela et al. (2013); 2  Poultry Feeding Standards according to 
Smulikowska and Rutkowski (2005); 3 values according to NRC (2012)

Chemical analysis
The content of dry matter, crude ash, crude pro-

tein, ether extract and crude fibre in the feed samples 
was determined according to AOAC International 
(2000). Prior to the determination of the amino acid 
composition in the feed, the samples were hydro-
lysed in an aqueous solution (6N HCI + 0.5% phenol 
at 110 °C for 24 h) and analysed with ion-exchange 
chromatography in an AAA  400 amino acid ana- 
lyzer (Ingos Ltd., Praha, Czech Republic) (Kwiecień 
et al., 2016). The contents of minerals (Ca, Mg, 
Zn, Cu, Fe, except for phosphorus) in the feed and 
bones were determined in an ASA SOLAR 939  
UNICAM (AA Spectroeter Unicam, Shimadzu Corp.,  
Tokyo, Japan) flame spectrophotometer (PN-EN 
ISO 6869:2002), whereas the phosphorus content 
were determined in an Spectronic Helios Delta 9423 
UVD flame spectrophotometer (Wilmington, North 
Carolina, USA) (PN-ISO 6491: 2000). The content 
of minerals in the bone was calculated as their con-
tent in crude ash.

Bone measurements
After removal of soft tissues, the femur and tibia 

of the right leg were weighed and their length and 
circumference were measured (Figure 1). Next, each 
bone was wrapped in gauze saturated with an isotonic 
saline solution and stored at a temperature of −25 °C 
for further analyses. The data were used for calcula-
tion of the bone density index (BDI), which reveals 
changes in bone mineralization calculated as a ratio 
of the bone weight (mg) to the length (mm) (Ziaie et 
al., 2011).

Analysis of mechanical and morphometric 
properties

After a 3-h thawing at room temperature, the 
mechanical properties of bones were determined 
with a three-point bending test on the Zwick Z010 
device (Zwick GmbH & Co KG, Ulm-Einsingen, 
Germany) equipped with a measuring head with an 
operating range up to 10 kN and a fixed speed of  
10 mm · min−1. The device was coupled with a com-
puter by means of TestXpert II 3,1 (Zwick GmbH 
& Company KG, Ulm-Einsingen, Germany). The 
spacing between the supports was established at 
40% of the total bone length. The mechanical pro-
perties of the bones were evaluated based on the 
values of their maximum elastic strength (Wy) and 
maximum ultimate strength (Wf) (Ferretti et al., 
1993). The measurements allowed to determine 
the bone strength parameters, i.e. dy – deformation 
yield, Wf/A  – bending point flexibility, Wy/dy  – 
load-to-deformation ratio and E – Young’s modulus 
(Ferretti et al., 1993; Kwiecień et al., 2016).

Figure 1. Sites of measurements of length and circumference of tibia 
and femur
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Measurements of the outer and inner horizontal 
and vertical diameters of the bone shaft cross-section 
at the fracture point (Figure 2) were used for determi-
nation of the geometric and cortical parameters of the 
femur and tibia shaft (Ferretti et al., 1993; Kwiecień 
et al., 2014). The measurement was performed with 
a calliper and the values obtained were used for calcu-
lation of geometrical parameters: Ix – second moment 
of inertia, A – cross-sectional area, MRWT – mean 
relative wall thickness, and cortical indices: cortical 
layer thickness, cortical surface, cortical index and 
cortical surface index (Kwiecień et al., 2014).

Statistical analysis

The obtained data were analysed with one-way 
analysis of variance ANOVA (a = 95%; P ≤ 0.05), 
and the mean values for the groups and the stan- 
dard error of the mean (SEM) were calculated. The 
significance of differences between the mean values 
of the analysed traits was determined with the Dun-
can’s post-hoc test in the Statistica 10.0 programme 
(StatSoft Inc., Tulsa, OK, USA).

Results
The LPC levels used in the broiler chicken diets 

exerted no significant effect on FCR, but they in-
creased chicken body weight on day 21 by 9% (1.5% 
LPC) and 8.5% (3% LPC) in comparison with 
group C (Table 3). In addition, there was a decline 
(by 50%) in the mortality rates in the groups receiv-
ing diet with 1.5 % and 3% of LPC (P ≤ 0.05). The 
addition of LPC from 1  to 21  day of rearing in-
creased (P ≤ 0.05) feed intake by approx. 7% (treat-
ment 1.5% and 3% LPC) in comparison with treat-
ment  C. In contrast, during the grower feeding 
period, a significant decrease in feed intake by 5.4% 
(treatment 1.5% LPC) and by 8.9% (treatment 3% 

LPC) was observed as compared with treatment C. 
During the finisher feeding and from 1 to 42 day of 
rearing, the lowest feed intake was found in the 
group with 3% addition of LPC, compared to treat-
ment C (Table 3).

The 3% addition of LPC contributed to a 13.2% 
increase in the chilled carcass weight and a 2.98% 
increase in the slaughter yield in comparison with 
group C, which received soyabean meal (Table 4). 
Irrespective of the amount of LPC added, there was 
an increase in the liver weight (by 23.5% and 52.8%) 
and its proportion in the body weight (by 31.1 and 
40.4%), as compared with group  C (Table  4).

Table 3. Effect of experimental treatments on growth performance of 
broiler chickens

Indices
Groups

SEM P-value
C1 1.5% 3.0% 

  LPC2

Body weight, g
initial (1-day-old) 37 38 39 0.352 0.235
day 10 227 236 235 2.833 0.421

21 745b 812a 808a 11.21 0.020
35 1661 1705 1677 17.41 0.585
42 2078 2181 2164 31.30 0.367

FCR3, g · g−1

days 1–21 1.59 1.58 1.57 0.017 0.928
22–35 1.82 1.77 1.75 0.024 0.492
36–42 2.38 1.96 1.81 0.100 0.626

1–42 1.93 1.77 1.71 0.061 0.316
FI4, kg per bird

days 1–21 1.13b 1.22a 1.21a 0.055 0.013
22–35  1.67a 1.58b 1.52b 0.024 0.041
36–42  1.15a 0.99ab 0.91b 0.015 0.037
1–42  3.94a 3.80b 3.63c 0.084 0.002

Intake of nutrients
ME, MJ · kg−1 · bird−1

days 1–21 14.31b 15.26a 14.93ab 0.022 0.041
22–35 21.74a 20.62ab 19.76b 0.013 0.048
36–42  15.12a 13.13b 11.88c 0.047 0.033

lysine, % per bird
days 1–21 1.46b 1.55a 1.51ab 0.022 0.011

22–35 1.84a 1.75b 1.66c 0.043 0.003
36–42 1.21a 1.06ab 0.94b 0.012 0.022

methionine, % per bird
days 1–21 0.75 0.72 0.71 0.035 0.117

22–35 0.82 0.79 0.75 0.018 0.068
36–42  0.53a 0.47ab 0.43b 0.037 0.044

Mortality, % 8.00a 4.00b 4.00b 0.252 0.031
1 C – control; 2 LPC – lucerne protein concentrate; 3 FCR – feed con-
version ratio; 4 FI – feed intake; SEM – standard error of the means; 

ab – mean values within each row with different superscripts are signifi-
cantly different at P ≤ 0.05

Figure 2. Sites of measurement of cross-sectional diameter of femur 
and tibia bone at fracture site, where: H – horizontal external diameter, 
h  – horizontal internal diameter, B  – vertical external diameter,  
b – vertical internal diameter
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Additionally, after feeding of the 1.5% and 3% doses 
of LPC, a reduced (P ≤ 0.05) proportion (by 42.5% 
and 51.5%, respectively) of abdominal fat was noted 
(Table 4).

The addition of 1.5% of LPC increased (P ≤ 0.05) 
the femur length in comparison with group  C and 
chickens fed diet supplemented with 3% of LPC (Ta-
ble 5). Irrespective of the dose, the addition of LPC 
increased the circumference of the tibia (on average 
by 12.1%). In turn, the greatest lengths of tibia were 
found in the LPC-supplemented groups (Table 5).

Regardless of the supplementation level, the 
LPC additive did not exert an effect on the geomet-
ric and cortical bone parameters. However, it sig-
nificantly increased the Ix value of the femur (on  
average by 5.25%) and tibia (on average by 5.37%)  
as well as the mean relative wall thickness (MRWT) 
in both bones (by 8.33% in the femur and by 6.25% 
in the tibia) as compared with the parameters in the 
control group (Table 5).

Irrespective of the LPC amount, there was 
an increase (P  ≤  0.05) in the femoral mechanical 
properties (Wy, Wf, Wy/dy, BDI) by 20.1%, 12.4%, 
16.2% and 12.2%, respectively (Table 6). A similar 
trend (with the exception of Wf) was observed for 
the tibia. At the 3% addition of LPC, the value of 

Table 4. Carcass performance, internal organs, meat and bone yields

Indices
Groups

SEM P-valueC1 1.5% 3.0% 
 LPC2

Chilled carcass weight, g 1359b 1498ab 1538a 31.94        0.049
Dressing percent,  
   g · 100 g−1 body weight

73.7b 75.4ab 75.9a 0.377        0.040

Proportions, g · 100 g−1 body weight
liver 1.66c

 2.01b 2.33a 0.083        0.001
abdominal fat 1.67a

 0.96b 0.81b 0.128        0.007
breast meat  23.2   25.1 26.2 0.697        0.190
leg meat 18.2  18.5 20.4 0.573        0.255

Weights of internal organs, g 
liver 33.6c

 43.2b 51.4a 1.868  <0.001
gizzard 28.2  24.2 26.7 0.388    0.814
heart 10.8  10.8  11.4 0.913        0.212

1 C – control; 2 LPC  – lucerne protein concentrate; SEM  – standard 
error of the means; abc – mean values within each row with different 
superscripts are significantly different at P ≤ 0.05

Table 5. Physical and morphometric parameters of chicken bones

Indices
Groups

SEM P-valueC1 1.5% 3.0%
 LPC2

Physical features
femur

weight, g · 100 g−1  
    of body weight 0.68 0.73 0.74 0.020 0.419

length, mm 67c 75a 71bc 1.006 0.001
perimeter, mm 29b 33a 32a 0.586 0.004

tibia
weight, g · 100 g−1  
    of  body weight

1.06 1.11 1.07 0.029 0.788

length, mm 85b 96a 97a 1.683 0.003
perimeter, mm 30 31 32 0.504 0.158

Geometrical characteristics of bone
femur

Ix3, mm4 130.2b 136.8a 137.2a 6.167 0.029
A4, mm2 20.2 20.5 20.8 0.524 0.630
MRWT5 0.24b 0.26a 0.26a 0.007 0.013

tibia
Ix, mm4 119.0b 125.1a 125.7a 5.702 0.036
A, mm2 22.1 22.5 23.2 0.514 0.430
MRWT4 0.32b 0.34a 0.35a 0.008 0.032

Features of cortical bone
femur 

cortical layer thickness, mm 1.69 1.73 1.84 0.071 0.486
cortical surface, mm2 25.6 25.6 26.6 0.525 0.759
cortical index, % 8.22 8.24 8.23 0.173 0.791
cortical surface index, % 82.0 82.3 82.5 2.966 0.891

tibia
cortical layer thickness, mm 2.21 2.25 2.36 0.051 0.386
cortical surface, mm2 34.2 34.2 35.2 0.625 0.655
cortical index, % 8.56 8.58 8.57 0.163 0.893
cortical surface index, % 72.5 72.7 73.0 3.003 0.792

1 C – control; 2 LPC – lucerne protein concentrate; 3 Ix – second mo-
ment of inertia; 4 A – cross-sectional area; 5 MRWT – mean relative 
wall thickness; SEM – standard error of the means; ab – mean values 
within each row with different superscripts are significantly different 
at P ≤ 0.05

Table 6. Strength parameters of chicken bones

Indices
Groups

SEM P-valueC1 1.5% 3.0% 
 LPC2

Femur
Wy3, N · mm 135.5b 159.9a 165.4a 5.372 0.013
dy4, mm 1.88 1.89 1.97 0.125 0.092
Wf5, N · mm 215.4b 239.6a 244.7a 7.433 0.043
Wy/dy6 N · mm · mm−1 72.1b 84.2a 83.4a 5.306 0.050
Wf/A7, N · mm · mm−2 10.6 11.6 11.1 0.551 0.093
E8, N · m−2 1.45 1.49 1.52 3.937 0.064
BDI9, mg · mm−1 199.7b 218.7a 229.3a 5.460 0.022

Tibia
Wy, N · mm 142.2b 167.8a 175.7a 5.288 0.011
dy, mm 1.19 1.20 1.22 0.115 0.072
Wf, N · mm 243.5b 267.8ab 283.6a 7.672 0.045
Wy/dy, N · mm · mm−1 119.2b 139.4a 142.1a 36.285 0.109
Wf/A, N · mm · mm−2 11.4 11.5 11.9 0.463 0.457
E, N m−2 2.43 2.51 2.55 0.259 0.026
BDI, mg · mm−1 238.2b 253.4a 263.6a 5.041 0.038

1 C – control; 2 LPC – lucerne protein concentrate; 3  Wy – maximum elastic 
strength; 4 dy – yielding deformation; 5 Wf – maximum ultimate strength;  
6 Wy/dy – load-to-deformation ratio; 7 Wf/A – bending point resistance; 
8 E – Young’s modulus; 9 BDI – bone density index; SEM – standard 
error of the means; ab – mean values within each row with different 
superscripts are significantly different at P ≤ 0.05
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Wf increased significantly in comparison with that 
noted in group C (Table 6).

The LPC levels used in the experiment resulted 
in a significant increase in the Ca and Zn content in 
both the femur and tibia (Table 7).

Discussion
In recent years, there has been growing interest 

in phytobiotics, i.e. feed additives providing a vari-
ety of biologically active compounds that improve 
digestion and utilization of feed nutrients (Grela et 
al., 2013). Intensive genetic selection resulting in 
higher yield performance in birds requires proper 
nutrient balance. LPC is a phytobiotic that can in-
crease body and muscle weight and, simultaneously, 
substantially reduce the incidence of chicken dis-
ease and increase the feed conversion ratio (Jiang 
et al., 2012). It is characterized by  a high content 
(over 50%) and biological value of protein; it is also 
a source of many minerals and vitamins, as well as 
flavonoids, phenolic acids, xanthophylls and carote-
noids (Grela et al., 2013). The present investigations 
have shown a positive trend towards an increase in 
the body weight of chickens fed the LPC-supple-
mented diets, regardless of the used dose. Further-
more, chickens receiving diet with LPC addition 
exhibited a tendency towards lower feed intake and 

better feed conversion ratio. Phytoestrogens con-
tained in the LPC have an affinity for oestrogen re-
ceptors and are capable of activation thereof. Since 
their action is similar to that of hormones, they may 
have an impact on the chickens’ growth (Robards 
and Antolovich, 1997).

The most important indicators of the overall 
performance of modern broiler chicken lines are the 
growth rates and carcass yield. Therefore, there are 
attempts at introduction and application of additives 
that are a good source of nutrients, primarily protein 
and improve production performance and quality of 
animal products, which can be applied as prophylaxis 
of some conditions, e.g., human malnutrition. In our 
research, we have observed an increase in the chicken 
slaughter yield and chilled carcass weight after addi-
tion of 3% of LPC. Additionally, a beneficial impact 
on the weight of pectoral muscles accompanied by 
reduced amounts of abdominal fat was noted regard-
less of the level of the LPC. Therefore, consumption 
of products derived from such chickens is safe even 
at a longer supplementation period, since the concen-
trate does not contain Aspergillus flavus toxins, pes-
ticides or heavy metals, and its microbiology meets 
the food standards for humans (EFSA, 2009). Fur-
thermore, the LPC exhibits predominance of polyun-
saturated fatty acids, with a  large proportion of n-3 
fatty acids characterized by a favourable n-6/n-3 fatty 
acid ratio (Grela et al., 2013).

Intensive growth of broiler chickens often 
leads to development of skeletal system disorders 
in roosters, which are characterized by a  higher 
growth rate than that in female chickens. High body 
weight determined by pectoral and leg muscles and 
a high muscle-to-bone weight ratio can be as cause 
of deformities and fractures (Rao et al., 2003). Bone 
development, maturation and strength are also de-
termined by genetic, nutritional and physiological 
factors. Oestrogens and androgens are indispensable 
for acquisition and maintenance of optimum bone 
mass; hence, hormonal disorders or loss of gonadal 
function lead to accelerated resorption and increased 
bone loss (Malcolm, 2002). Phytoestrogens, such 
as flavonoids, represented by genistein and biocha-
nin A in lucerne, inhibit the formation of osteoclas-
tic cells, i.e. osteoclasts, and stimulate the activity of 
osteogenic cells, i.e. osteoblasts (Branca, 2003). Fur-
thermore, a stimulatory effect of isoflavones on the 
secretion of insulin-like growth factor I (IGF-I) has 
been reported. It directly stimulates in vitro collagen 
synthesis by osteoblasts and can mediate the effects 
of parathyroid hormone on bones (Arjmandi et al., 
2003). In this study, the bones of the broilers after 

Table 7. The mineral composition of crude ash of chicken bones

Indices
Groups

SEM P-value
C1 1.5% 3.0% 

LPC2

Femur
crude ash, % 17.8 18.4 17.9 0.233 0.539
Ca, g · kg−1 266.6b 277.9a 274.8a 1.742 0.019
P, g · kg−1 184.0 188.5 184.9 3.626 0.284
Mg, g · kg−1 8.82 8.96 8.83 0.075 0.605
Zn, mg · kg−1 425.4b 518.6a 534.7a 17.043 0.015
Cu, mg · kg−1 4.48 4.17 3.91 0.149 0.352
Fe, mg · kg−1 399.1 411.0 355.4 17.248 0.410

Tibia 
crude ash, % 25.0 25.6 25.2 2.997 0.519
Ca, g · kg−1 279.1b 290.4a 287.3a 13.670 0.026
P, g · kg−1 174.6 179.1 175.4 1.220 0.261
Mg, g · kg−1 8.03 8.17 8.04 0.065 0.625
Zn, mg · kg−1 446.7b 539.9a 556.0a 17.243 0.023
Cu, mg · kg−1 5.69 5.38 5.12 0.159 0.252
Fe, mg · kg−1 423.2 435.1 379.5 17.448 0.310

1 C – control; 2 LPC  – lucerne protein concentrate; SEM  – standard 
error of the means; ab – mean values within each row with different 
superscripts are significantly different at P ≤ 0.05
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the rearing period were normally developed and 
had no signs of fractures, cracks or other damage. 
Upon the LPC treatment, there were no changes 
in the bone weight per 100 g body weight; in turn, 
a  significant modifying effect of the LPC on the 
length of bones, which were the longest regardless 
of the additive dose, was only observed. Probably, 
the content of such compounds as phytosterols, 
flavonoids and glycosides in LPC can support and 
facilitate bone metabolism (Branca, 2003). Addi-
tionally, it has been found that the type of dietary 
fats plays a major role in bone metabolism. The 
n-6/n-3 fatty acid ratio in the diet has a  substan-
tial effect on the fatty acid composition and bio-
synthesis of prostaglandins, which regulate bone 
formation and resorption (Maggio et al., 2009). 
LPC is a source of linolenic acid (C18:3n-3). Con-
sumption of long-chain n-3 polyunsaturated fatty 
acids (PUFA) determines the n-6/n-3 ratio and the 
acid ratio in tissues, reduces prostaglandin PGE2 
production, and enhances bone growth, probably 
by inhibition of the activity of osteoclasts and bone 
resorption (Lukas et al., 2011). However, the avail-
able results concerning the effect of fatty acids on 
bones are inconsistent, which may be associated 
with the differences in the studied n-3 PUFA (Ko-
rotkova et al., 2004) and the type of lipid-bound 
protein (Fernandes et al., 2003).

Bone mechanical strength is a result of archi-
tectural (geometrical and cortical) features, miner-
alization degree, as well as the maturity and quality 
of the bone building material (Ferretti et al., 1993). 
The A values of the analysed bones did not exhibit 
significant differences between the experimental 
groups and the control group, in comparison with 
the other geometric parameters of bone. Geomet-
ric parameters, in particular Ix, have a significant 
impact on the bone structure. The Ix values in the 
femur were higher after the LPC addition (1.5% 
and 3%). A similar trend was observed in the tibia, 
although the index had a higher value in the case 
of the femur. The MRWT values exhibited an op-
posite trend, i.e. higher values were noted for the 
tibia. Given the similar A  values, the differences 
in the Ix and MRWT values are probably a result 
of the different values of the outer and inner diam-
eters of the bone shaft. It can be assumed that the 
LPC addition significantly increased the cortical 
thickness (MRWT), which contributes to higher 
mechanical resistance to applied forces. Moreover, 
after application of the LPC, there was a  benefi-
cial trend towards an increase in the cortical layer 
thickness, which may be associated with the higher 

content of Ca and P in lucerne (Grela et al., 2013). 
Similarly, after addition of lucerne, Yıldız and Al-
pay (2008) observed an increase (P ≤ 0.05) in the 
cortical layer thickness in both femora and tibiae, 
compared with other groups.

Changes in mechanical parameters are a  re-
flection of changes occurring in bones throughout 
the lifetime. Despite their considerable hardness, 
bones exhibit some plasticity and flexibility and re-
spond to continuous or repeated action of deforma-
tion forces associated with loading and unloading 
by changes in the structure (Malcolm, 2002). The 
analysis of bone strength revealed that bones sam-
pled from birds fed diets supplemented with LPC 
were characterized by higher flexibility and break-
ing strength. The application of LPC in this study 
improved the quality of tibiae and femora and their 
strength parameters, which was probably associ-
ated with enhanced Ca and Zn deposition in bones. 
The correlation between bone mechanical strength 
and its geometric properties and mineralization 
degree has been reported by Ferretti et al. (1993). 
Increased bone mineralization was indicated by the 
BDI index, which may be related to the presence of 
genistein in the LPC. It has a dual effect on bone 
mineral density: low doses of the phytoestrogen 
stimulate the parameter, while high doses cause re-
duction thereof. Additionally, coumestrol present 
in lucerne can inhibit resorption and stimulate min-
eralization of bone tissue (Vincent and Fitzpatrick, 
2000). In the available literature there are no pub-
lications on the effect of lucerne preparations on 
bone parameters in broiler chickens; hence, com-
parison of the results with reports of other authors 
is practically impossible. Therefore, this report 
provides some theoretical and practical values.

The content of crude ash in chicken bones is 
a good indicator of increasing bone mineralization, 
but it turned out not to be dependent on the LPC 
addition in this study. Still, the levels of the LPC 
used in this experiment resulted in a significant in-
crease in the Ca and Zn content both in the femora 
and tibiae. Thirty percent of the total Zn content 
in the organism is present in the bones; hence, 
this element is highly important for development 
of the skeletal system and physiological bone ho-
meostasis (Seo et al., 2010). Zn deficiency usually 
results from limited absorption from food, which 
can cause disorders in the development of the skel-
etal system. Increased Ca and Zn content in bones 
can reflect absorption enhancement by lucerne 
and, consequently, indicate normal development, 
enhanced growth, and improved strength of bones.
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Conclusions
The results of this study indicate that the addi-

tion of 1.5% or 3.0% of lucerne protein-xanthophyll 
concentrate (LPC) to the feed mixtures contributed 
to normal growth of chickens, reduced the mortality 
and increased muscle weight. Probably, the bioac-
tive compounds present in LPC increased the bone 
mechanical strength related to the elevated geo-
metric parameters and cortical layer thickness. Ad-
ditionally, the bones were characterized by higher 
flexibility and by improved breaking strength. The 
higher Ca and Zn contents and bone density index 
values indicated normal bone mineralization.
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