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Effects of dietary alfalfa protein concentrate on lipid metabolism
and antioxidative status of serum and composition and fatty acid

profile and antioxidative status and dietetic value of
muscles in broilers
Ma1gorzata Kwiecie�n,1 Anna Winiarska-Mieczan, Anna Danek-Majewska, Katarzyna Kwiatkowska, and
Robert Krusi�nski

Institute of Animal Nutrition and Bromatology, University of Life Sciences, 20-950 Lublin, Poland
ABSTRACT The aim of this study was to determine
the effect of addition of alfalfa protein concentrate
(APC) at the dose of 15 g or 30 g per 1 kg on the chemical
composition, fatty acid profile, dietary value, and anti-
oxidant status in muscles and serum of Ross 308
chickens. The experiment involved 150 1-day-old Ross
308 broiler chickens allocated into 3 groups in 5 replica-
tions (10 birds per pen). A 1-way system with 2 levels of
APC, 15 g or 30 g per 1 kg of a complete diet, was used.
Group C receiving a standard feed mixture without APC
was the control. The addition of 15 and 30 g APC
increased the CP content in the breast muscle and in the
thigh muscle, and reduction in the cholesterol and fat
level was noted. Higher content of polyunsaturated fatty
acids from the n-6 group was noted in the breast muscles
of the 30-g APC–supplemented chickens. The thigh
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muscles with APC were characterized by more favorable
values of the atherogenic index, thrombotic index, and
hypocholesterol-to-hypercholesterol ratio.The supple-
mentation with 30 g APC reduced the cholesterol and
triacylglycerol levels, increased the high-density lipo-
protein level, and decreased the low-density lipoprotein
level and improved the antioxidant parameters in plasma
(increase in superoxide dismutase and in glutathione
peroxidase and reduction of malondialdehyde),
compared with group C. The results of this study indi-
cate that the supplementation with 30 g APC improved
the metabolic functions of the organism, meat resistance
to oxidative processes, and the composition and profile of
fatty acids. Therefore, APC can be a potential
alternative to synthetic feed additives and soya protein
in production of healthier poultry meat.
Key words: broiler chicken, antioxidant status, fa
tty acid, meat quality, alfalfa protein concentrate

2021 Poultry Science 100:100974
https://doi.org/10.1016/j.psj.2020.12.071
INTRODUCTION

Global poultry meat consumption exhibits an upward
trend, which is associated with the availability, low
price, and health benefits of this type of meat. It contains
a large amount of digestible protein, low cholesterol and
fat contents, and a high proportion of unsaturated fatty
acids (UFA) (Dinh et al., 2008). Consumption of the
latter is especially important for health and proper
function of the organism and plays an important role
in prevention and alleviation of many civilization
diseases, that is coronary disease, myocardial infarction,
cerebral stroke, autoimmune diseases, and some cancers
(Bird et al., 2018). Through appropriate composition of
animal feed, the quantity of fatty acids can be modified,
which is particularly important in light of the low con-
sumption of polyunsaturated fatty acids (PUFA) owing
to the limited availability of n-3 acid–rich food products
(Pisulewski, 2005).

There is a current trend of reducing the amounts of
synthetic feed additives owing to consumer concerns
about their toxicity (Falowo et al., 2014) in favor of inex-
pensive and effective natural antioxidants, which exert a
positive effect on the texture of meat and meat products
and on consumer health (Karre et al., 2013). These
include for example plant extracts: when introduced
into poultry feed, they inhibit lipid oxidation and
degradation of meat pigments and influence individual
organoleptic traits (Falowo et al., 2014). There are
only few studies suggesting that alfalfa and its products
can be used as a plant-derived antioxidant ingredient in
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poultry feed (Karwowska et al., 2010). One of the addi-
tives produced from alfalfa (Medicago sativa L.) is the al-
falfa protein concentrate (APC); in the literature, it is
referred to as protein–xanthophyll concentrate or l
’Extrait Foliaire de Luzerne. It contains more than
50% of total protein (EFSA, 2009) and 0.59% of crude
fiber in DM (Grela and Pietrzak, 2014).

Previous studies analyzed the suitability of APC in
the nutrition for laying hens (Grela et al., 2014, 2020)
and turkeys (Krauze and Grela, 2010; Karwatowska
et al., 2010). However, there is insufficient knowledge
of the effects of APC concentrate used in feed mixes
for broilers (Kwiatkowska et al., 2017).

To our knowledge, this is the first study on the effects
of APC on the plasma antioxidative potential and lipid
metabolism, fatty acid composition and profile, antioxi-
dant status, and dietary value of broiler meat. Neverthe-
less, we believe that these limitations do not undermine
the originality of our study.

It was assumed in the present study that the APC
concentrate added to the broiler chicken diet would
improve the metabolic functions in the organism, meat
resistance to oxidative processes, and the composition
and profile of fatty acids. Therefore, this study aimed
to investigate the effect of APC applied at the doses of
15 and 30 g kg21 on the chemical composition, fatty
acid profile, dietary value, and antioxidant status of
muscles and serum of Ross 308 chickens.
MATERIALS AND METHODS

All procedures used during the research were
approved by the Local Ethics Committee for Animal
Table 1. Chemical composition of APC.

Nutrients, g,kg21 APC

CP 533.9 Fe
Crude fat 103.7 Cu
Crude fiber 5.9 Zn
Crude ash 102.3
Amino acids, g,kg21 APC Fatty ac
Histidine 12.1 C 14:0
Isoleucine 23.3 C 16:0
Leucine 44.9 C 16:1
Lysine 30.5 C 18:0
Methionine 10.0 C 18:1
Phenylalanine 27.2 C 18:2n-
Threonine 22.2 C 18:3n-
Tryptophan 11.8 C 20:0
Valine 29.8 C 22:0
Tyrosine 20.4 C 24:0
Arginine 29.4

P
Satur

Vitamins, mg,kg21 P
Mono

Vitamin E 428.2
P

Polyu
Vitamin K 95.3 n-6/n-3
B-Carotene 303.7
L-Canavanine 3.2
Macroelements, g,kg21 APC Saponins
Ca 32.9 Zahnic a
P 7.9 Medicage
K 7.4 Medicage
Na 0.13 Medicage
Mg 1.5 Soyasapo

Abbreviation: APC, alfalfa protein concentrate
Testing at the University of Life Sciences in Lublin,
Poland (Resolution No. 4/2009 of 20 January 2009).
The chickens were maintained in an animal house as
per the guidelines of this committee. The experiment
complied with the Guiding Principles for Research
Involving Animals.
Experimental Design, Birds, and Diet

A total of 150 1-day-old Ross 308 male broiler chicks
(purchased on Hatchery and Poultry Farm S1awomir
Pastuszak, Jan�ow Lubelski, Poland) were assigned
randomly into 3 groups. Each group comprised 50
male broilers (10 birds in each replicate ! 5 pen
replicates) The experiment lasted for 6 wk. The birds
in cages were placed in a room with an initial tempera-
ture of 32�C, which was gradually reduced while the
chickens were growing to 22�C in the fourth week of
the experiment (Aviagen, 2013). Grain (wheat and
corn) meal and recommended postextraction soybean
meal were used for the production of the basal diet.
The control group (C) received a standard complete
diet (NRC, 1994), while soya bean meal in the experi-
mental diets was replaced with APC in an amount of
15 g,kg21 or 30 g,kg21 produced by Desialis, France
Luzerne. The chemical composition of APC is shown
in Table 1. A three-phase feeding scheme was used:
starter (from 1–21 d, crumbles), grower (from 22–
35 d, pellets), and finisher (from 36–42 d, pellets).
The composition and nutritional value of the diets are
presented in Table 2. From 1 to 42 d of age, all
the chickens were provided with water and feed ad
libitum.
Microelements, mg,kg21 APC

497.0
10.2
19.4

ids, g,kg21 APC
1.4
16.8
6.4
2.7
5.2

6 18.8
3 41.7

0.9
0.8
0.7

ated fatty acids 23.3
unsaturated fatty acids 11.6
nsaturated fatty acids 60.5

4.5

, g,kg21 APC
cid tridesmoside 0.97
nic acid 3 GlcGlc. 28 AraRhaXyl 0.77
nic acid 3 GlcA. 28 AraRhaXyl 5.82
nic acid 3 Glc. 28 AraRhaXyl 0.52
nin I 2.30

.



Table 2. Ingredients and nutritive values of the experimental diets.

Item

Diets1/Rearing periods

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

C

APC, g,kg21

C

APC, g,kg21

C

APC, g,kg21

15 30 15 30 15 30

Ingredients, g,kg21

Maize 247.0 247.0 247.0 300.0 300.0 300.0 300.0 300.0 300.0
Wheat 427.0 427.0 427.0 359.0 359.0 359.0 368.0 368.0 368.0
Soybean meal, 46% CP 259.5 244.5 229.5 265.0 250.0 235.0 257.0 242.0 227.0
Soybean oil 25.5 25.5 25.5 40.0 40.0 40.0 45.0 45.0 45.0
Monocalcium phosphate 8.6 8.6 8.6 9.0 9.0 9.0 7.2 7.2 7.2
Limestone 14.0 14.0 14.0 11.0 11.0 11.0 9.3 9.3 9.3
Sodium bicarbonate 0.8 0.8 0.8 0.8 0.8 0.8 0.5 0.5 0.5
NaCl 2.9 2.9 2.9 2.5 2.5 2.5 2.5 2.5 2.5
Vitamin–mineral premix2 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Choline chloride 0.8 0.8 0.8 0.7 0.7 0.7 0.4 0.4 0.4
DL-methionine 99% 3.0 3.0 3.0 2.2 2.2 2.2 2.0 2.0 2.0
L-lysine HCl 3.6 3.6 3.6 2.5 2.5 2.5 2.1 2.1 2.1
L-threonine 99% 1.8 1.8 1.8 0.6 0.6 0.6 0.5 0.5 0.5
Calprona PL (acidifier) 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4
APC - 15.0 30.0 - 15.0 30.0 - 15.0 30.0

Calculated of nutrients in 1 kg:
ME, MJ 12.66 12.51 12.34 13.02 13.05 13.00 13.15 13.17 13.13
Available phosphorus, g 4.2 4.1 4.1 4.9 4.8 4.1 3.7 3.8 3.8

Analyzed values (each value based on triplicate determinations)
Total protein, g,kg21 201.0 197.7 193.4 190.3 190.7 190.4 182.9 183.1 178.6
Crude fiber, g,kg21 30.5 30.1 29.6 29.3 29.6 29.1 29.8 29.6 29.0
Lysine, g,kg21 12.9 12.7 12.5 11.0 11.1 10.9 10.5 10.6 10.4
Methionine, g,kg21 5.9 5.9 5.8 4.9 5.0 4.9 4.6 4.7 4.7
Methionine 1 cysteine, g,kg21 9.3 9.2 9.1 8.1 8.1 8.0 7.8 7.9 7.8
Total calcium, g,kg21 8.8 8.7 8.9 9.4 9.5 8.9 8.2 8.3 8.1
Total phosphorus, g,kg21 6.7 6.6 6.5 6.4 6.6 6.5 6.1 6.2 6.1
Sodium, g,kg21 1.5 1.6 1.6 1.3 1.4 1.4 1.3 1.4 1.4
Zinc, mg,kg21 491.0 492 494 495 496 493 498 495 497
Iron, mg,kg21 899.0 904 908 599 602 605 598 604 602
Copper, mg,kg21 188.0 192 194 188 182 181 189 181 183

Fatty acids (g$100 g21 of total fatty acids)
Myristic (14:0) 0.50 0.52 0.51 0.47 0.48 0.49 0.48 0.47 0.49
Palmitic (16:0) 22.8 23. 9 24.2 22.5 24.1 23.6 22.4 21.1 22.3
Stearic (18:0) 6.72 6.31 5.98 5.67 6.99 6.43 7.02 6.85 6.56
Linoleic (18:2 n-6) 0.26 0.29 0.25 0.32 0.30 0.29 0.31 0.32 0.30
Linolenic (18:3 n-3) 23.5 23.4 22.9 24.2 23.9 25.9 25.9 25.4 26.3

Abbreviation: APC, alfalfa protein concentrate.
1Diets: C5 control diet without supplementation, 15 APC5 diet supplemented with alfalfa protein concentrate at 15 g kg21

feed, 30 APC 5 diet supplemented with alfalfa protein concentrate at 30 g kg21 feed.
2Provided per kg feed (for feeding periods 1–21, 22–35 and 36–42 d, respectively):Mn, 100, 100, 100 mg; I, 1, 1, 1 mg; Zn, 100,

100, 100 mg; Fe, 40, 40, 40 mg; Cu, 16, 16, 16 mg; Se, 0.15, 0.15, 0.15 mg; vitamin A, 15,000, 12,000, 12,000 UI; vitamin D3, 5,000,
5,000, 5,000 UI; vitamin, E 75, 50, 50 mg; vitamin K3, 4, 3, 2 mg; vitamin B1, 3, 2, 2 mg; vitamin B2, 8, 6, 5 mg; vitamin, B6 5, 4,
3 mg; vitamin B12, 0.016, 0.016, 0.011 mg; biotin, 0.2, 0.2, 0.05 mg; folic acid, 2, 1.75, 1.5 mg; nicotinic acid, 60, 60, 60 mg;
pantothenic acid, 18, 18, 18 mg; choline, 1,800, 1,600, 1,600 mg.

ALFALFA PROTEIN CONCENTRATE IN BROILER DIETS 3
Experimental Measurements

Before slaughter, the birds were fasted for 8 h (with
unlimited access to water). The slaughter and dissection
of the cocks of all groups were carried out in the same
technological conditions. On day 42, all cocks were
weighed to determine their preslaughter weight, and
then, 10 birds from each group (2 of 10 birds in each
replicate ! 5 pen replicates) with a BW representative
for the group were selected for slaughter. Next, the
chickens were weighed, and a simplified slaughter
analysis was performed (Zio1ecki and Doruchowski,
1989), that is breast and thigh muscles were collected
and weighed. The skin was separated from the muscles,
and the muscles were packed into individual sealed
plastic bags, and kept frozen at 220�C until chemical
analysis.

Chemical Analysis of the Muscles and Feed

The muscle samples (n 5 30) were analyzed for the
content of DM (procedure 945.15; AOAC, 2006), ether
extract (procedure 945.16; AOAC, 2006), CP (procedure
984.13; AOAC, 2006), crude ash (procedure 942.05;
AOAC, 2006), and moisture (Method 925.09; AOAC,
2019). The feed samples (n 5 3) were analyzed for the
content of CP (procedure 984.13; AOAC, 2006), and
crude fiber was determined as per procedure 978.10
(AOAC, 2006) using an Ankom 220 Fiber Analyzer
(Ankom Technology, Macedon, NY). The contents of
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minerals (Ca, Zn, Cu, Fe, P) in the feed were deter-
mined, as described in detail by Kwiecie�n et al. (2016).

Before the determination of the amino acid composi-
tion in the feed, the samples were hydrolyzed in an
aqueous solution (6N HCI 1 0.5% phenol at 110�C for
24 h) and analyzed by ion-exchange chromatography
in an AAA 400 amino acid analyzer (Ingos Ltd., Praha,
Czech Republic) as described in detail by Kwiecie�n et al.
(2016).

The b-carotene content was determined with the
method proposed by Hager and Mayer (1996). The con-
tent of vitamins E and K was determined with the
HPLC with fluorescence detection technique, using the
Sigma-Aldrich standard. Quantification of the content
AI5 ðC12 : 01 4!C14 : 01C16 : 0Þ
.�X

MUFA1
X

ðn� 6Þ1
X

ðn� 3Þ
�

TI5 ðC14 : 01C16 : 01C18 : 0Þ
.��

0:5!
X

MUFA1 0:5!
X

ðn� 6Þ1 3

!
X

ðn� 3Þ
� �X

ðn� 3Þ
. X

ðn� 6Þ
��
of vitamin K and vitamin E was carried out at the excita-
tion/emission wavelength of 330/400 nm and 295/
h =H5 ðC18 : In� 91C18 : 2n� 61C20 : 4n� 61C18 : 3n� 31C20 : 5n� 31C22 : 5n� 3
1C22 : 6n� 3Þ = ðC14 : 01C16 : 0Þ
330 nm, respectively, and their concentrations were calcu-
lated from the parameters of calibration curves for the in-
dividual vitamins. The content of L-kanavanin and
saponins was analyzed by ultra-performance liquid chro-
matography and HPLC, respectively (Oleszek, 2002).
Fatty Acid and Cholesterol Analysis

The total cholesterol content in the muscles was deter-
mined with the colorimetric method using an EPOLL 20
colorimeter and C3045 standard (Sigma) (Winiarska-
Mieczan and Kwiecie�n, 2015). The content of fatty acids
in the feed and muscles was determined after extraction
of fat with a mixture of chloroform and methanol using
the method described by Folch et al. (1957). The content
of fatty acids in the feed and muscles was analyzed using
a Varian CP-3800 gas chromatograph with a GC-FID
detector (Varian, The Netherlands) and a capillary col-
umn CP-Wax52CBWCOT Fused Silica with the
following parameters:1) 60 m length, 0.25 mm inner
diameter; 2) initial temperature of 120�C, increasing
gradually by 2�C/min, and final temperature of 210�C;
3) temperature of the injector and detector as 260�C;
4) hydrogen flow of 30 ml/min, air flow of 300 mL/
min, and helium flow of 1.4 mL/min; 5) volume of the
injected sample is 1 mL.
The StarGC Workstation, version 6.30, was used for

determination of the percentage content of fatty acids
in the sample, and fatty acid methyl esters were identified
by comparison with the retention time of 37 fatty acid
methyl esters contained in the standard mixture
(FAME Mix, C4-C24, No. 18919–1AMP; Sigma-Aldrich
Pozna�n, Poland) analyzed in the same conditions.
The content of each fatty acidwas expressed as apercent-

age of all the fatty acids detected in theanalysis.Thedietary
value of meat, that is the atherogenic (AI) and thrombo-
genic (TI) indices and the hypocholesterolemic/hypercho-
lesterolemic ratio (h/H), were calculated as follows:
based on the study by Ulbricht and Southgate (1991)
and
based on the study by Fern�andez et al. (2007).
Lipid Profile in Serum and Antioxidant
Status in Serum and Muscles

On day 42, blood was sampled from 10 cocks
selected for the slaughter (2 broiler chickens from
each repetition). Eight hours before blood collection,
the cocks did not receive feed but were provided with
water ad libitum. In the morning before slaughter,
blood samples intended for determination of the lipid
concentration and antioxidant status were collected
from the vena cutanea ulnaris into 6-ml lithium
heparin-containing Vacutest tubes (Vacutest Kima
s.r.l.) (Kwiecie�n et al., 2017). Plasma, for analysis of
biochemical parameters, was obtained by centrifuga-
tion of whole blood at 3,000 rpm (603 ! g) for
15 min at 4�C in a laboratory centrifuge (MPW-
350R centrifuge, MPW Medical Instruments, Warsaw,
Poland) (Kwiecie�n et al., 2017). Cormay kits (PZ
CORMAY SA, qomianki, Poland) were used to deter-
mine the content of triglycerides (TG), total choles-
terol (TC), high-density lipoprotein (HDL), and low-
density lipoprotein (LDL).
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Spectrophotometric methods were used to determine
superoxide dismutase (SOD) activity in the muscles
and serum (Misra and Fridowich, 1972) at a wavelength
l 5 480 nm and glutathione peroxidase (GPx) activity
at l 5 340 nm using ready Bioxytech GPx-340 assays
(OxisResearch, Portland, OR). The catalase (CAT) ac-
tivity was determined at l 5 570 nm with the colori-
metric method developed by Sinha (1972). In addition,
the biological material was analyzed for the levels of
the lipid peroxidation product malondialdehyde
(MDA) as the end product of tissue lipid oxidation
with the method proposed by Salih et al. (1987). The
MDA results were expressed in nmol per 1 mg protein
for the meat and in nmol per 1 mL for the serum.
Statistical Analysis

The numerical data were analyzed with the 1-way
ANOVA method, where the effect of the APC supple-
mentation was evaluated (a 5 95%; P , 0.05 and
a 5 99%; P , 0.01) with the following model:

yijk5m1ai1eijk

where yijk 5 kth observation from the ith and jth groups,
m5mean value of the trait in the population, ai5 effect of
the ith group, eijk 2 error 5 effect related to individual
variability and measurement error.
The significance of the differences between the mean

values of the analyzed parameters was determined using
the Duncan test (post test hoc) in the Statistica 10.0
program (Statsoft Inc., Tulsa).
RESULTS

Selected Indicators the Carcass

In the groups of cocks receiving the APC supplement,
an average 10.6% increase (P , 0.05) was observed in
the chilled carcass weight after slaughter and a signifi-
cant (P , 0.01) increase in the weight of the breast
(by 22.9% on average) and thigh (by 26.9% on average)
muscles, compared with the control group (Table 3).
Table 3. Selected indicators the carcass analysis o

Item C

Chilled carcass weight (legs 1 head), g 1,499b

Weight of carcass (g)
Breast meat 344.5c,C

Thigh meat 143.9c,C

a,bMeans in the same rows with different letters diffe
A-CMeans in the same rows with different letters diff
Abbreviation: APC, alfalfa protein concentrate.
1Treatments: C 5 control diet without supplemen

protein concentrate at 15 g kg21 feed, 30 APC 5 diet
30 g kg21 feed.
Chemical Composition of Raw Breast and
Thigh Meat

The APC supplementation of the diets at the doses of
15 and 30 g kg21 increased the CP content in the breast
muscle (by 5.4 and 5.6%, respectively) and in the thigh
muscle (by 5.4 and 6.5%, respectively), compared with
group C (Table 4). The addition of APC at the levels
of 15 and 30 g kg21 contributed to a significant
(P, 0.01) decrease in the fat content in the breast mus-
cle (by 1.8 and 11.2%, respectively) and in the thigh
muscle (on average by 6.5%), in comparison with group
C. The DM and crude ash contents were similar in the
groups. In the APC-supplemented groups, the choles-
terol level decreased significantly (P , 0.01) by 17 and
14%, respectively, in the breast muscle and on average
by 13.2% in the thigh muscle (P , 0.05).
Fatty Acid Contents and Indices of the
Dietary Value of Meat

Compared with group C, chickens fed with the APC-
supplemented diets had higher contents (P , 0.05) of
eicosadienoic and arachidonic acids and a lower level
of saturated margaric (C 17:0) and arachidic (C 20:0)
acids in the breast muscle (Table 5). However, the
PUFA/saturated fatty acids (SFA) ratio was
unaffected (P , 0.05). The n-6/n-3 ratio was higher
(P , 0.05) in the breast muscles of chickens receiving
15 g,kg21 APC, in comparison with group C. The
diet supplemented with 30 g,kg21APC was associated
with higher content (P , 0.05) of n-6 fatty acids
than in the control group, but there was no
effect (P . 0.05) of the diet on the sum of PUFA
and SFA.

The meat from chickens fed with the APC-
supplemented diet had higher content (P , 0.05) of
eicosadienoic acids and arachidonic acids with a lower
level (P, 0.05) of saturated palmitic and margaric acids
as well as significantly lower content (P , 0.01) of
arachidic acid in the thigh muscle, compared with group
C (Table 6). This was reflected in the PUFA/SFA ratio
(P , 0.05). The lowest (P , 0.05) n-6/n-3 ratio in
chicken thigh muscles was observed in the group
f male broilers on the 42 d of age.

Treatments1

SEM P value

APC, g,kg21

15 30

1,638a 1,678a 31.940 0.049

406.7b,B 439.9a,A 7.230 0.001
163.7b,B 201.7a,A 3.700 0.001

r significantly at P , 0.05.
er significantly at P , 0.01.

tation, 15 APC 5 diet supplemented with alfalfa
supplemented with alfalfa protein concentrate at



Table 4.Moisture, and chemical composition of crude breast and thigh meat of
male broilers.

Item

Treatments1

SEM P valueC

APC, g,kg21

15 30

Breast meat (n 5 30)
Moisture, % 74.9 74.8 74.9 8.395 0.222
DM, % 25.1 25.2 25.1 0.652 0.062
Crude ash, % 1.28 1.24 1.30 1.986 0.054
CP, % 23.2b 24.7a 24.5a 1.003 0.045
Crude fat, % 2.23a,A 2.19a,B 1.98b,C 0.086 0.005
Cholesterol, mg,100 g21 54.2a,A 45.0b,C 46.6b,B 2.188 0.004

Thigh meat (n 5 30)
Moisture, % 74.0 74.5 74.7 7.495 0.122
DM, % 26.0 25.5 25.3 0.706 0.061
Crude ash, % 1.21 1.23 1.20 2.554 0.054
CP, % 18.4b 19.4a 19.6a 1.025 0.044
Crude fat, % 2.77a,A 2.63a,b,B 2.58b,B 0.114 0.006
Cholesterol, mg,100 g21 47.4a 40.2b 42.1b 0.025 0.042

a,bMeans in the same rows with different letters differ significantly at P , 0.05.
A-CMeans in the same rows with different letters differ significantly at P , 0.01.
Abbreviation: APC, alfalfa protein concentrate.
1Treatments: C 5 control diet without supplementation, 15 APC 5 diet supple-

mented with alfalfa protein concentrate at 15 g kg21 feed, 30 APC5 diet supplemented
with alfalfa protein concentrate at 30 g kg21 feed.
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receiving 15 g,kg21 APC compared with the other
groups (C and 30 g,kg21 APC). The thigh muscles of
chickens receiving APC were characterized by higher di-
etary values, as demonstrated by the AI, TI, and h/H
values (Table 6).

An effect (P , 0.05, P , 0.01) of the type of meat on
the total fatty acid content was found (Table 7).
Significantly higher amounts of these acids were deter-
mined in the thigh muscle, regardless of the experimental
factor used. No significant differences were found
only in the content of PUFA n-3 in the group receiving
15-g APC.
Antioxidant Status in Meat

It was found that the APC supplementation of the
diets improved the oxidative stress markers in the
chicken meat (Table 8). The SOD and CAT activities
in the breast muscle of chickens receiving
30 g,kg21APC were higher than those in group C.
Lipid peroxidation, determined based on the MDA con-
centration in the breast muscle, was significantly
reduced in the group of birds receiving 30 g kg21 of
APC, compared with group C. In the thigh muscle,
the addition of 30 g,kg21 APC resulted in a 7.7%
increase in CAT activity, in comparison with group
C. The best effect in both muscles was obtained using
APC at the dose of 30 g kg21.
Lipid Profile and Antioxidants in Serum

Compared with group C, the supplementation with
30 g,kg21 APC reduced the TC and TG levels
(P , 0.05) by 19.2 and 9.1%, respectively, increased
the HDL content (P , 0.05) by 19.7%, and decreased
(P , 0.01) the LDL level significantly in the APC-
supplemented groups by 12.1 and 17.6%, respectively
(Table 9).
It was found that APC improved the antioxidant

parameters (Table 9). The SOD and GPx levels in the
serum of 42-day-old chickens receiving diet supple-
mented with 30 g kg21 of APC were higher
(P , 0.05), that is by 8.3% for SOD and by 5.8% GPx,
than in those of group C. As shown in Table 9, the addi-
tion of APC reduced the MDA serum levels. The level of
MDA in chickens receiving 30 g,kg21 APC was lower
than that in group C (P , 0.01). This dose of APC
proved to exert the best effect on the measured
parameters.
DISCUSSION

Research on phytobiotics suggest that the biologically
active compounds contained therein serve many func-
tions in various biological systems, causing changes in
their chemical structure and demonstrating anti-
inflammatory, anticancer, antilipid activity, or affinity
for estrogen receptors with an ability to activate them
(Windisch et al., 2008). Because they can act similarly
to hormones, phytobiotics may influence chicken growth
(Chen et al., 2016; Ouyang et al., 2016; Kwiatkowska
et al., 2017). This is associated with the fact that fla-
vones can regulate the binding of growth hormone to
the liver growth hormone receptor and cause an increase
in the concentration of insulin-like growth factor-1. In
addition, isoflavones can promote muscle protein
synthesis and stimulate muscle growth (Kamboh and
Zhu, 2013).
From the nutritional point of view, poultry meat has

relatively low fat content (Barroeta, 2007). In the
present study, APC (30 g kg21) reduced the fat content
in both muscles and increased the amount of CP. Despite



Table 5. Fatty acid profile (g/100 g of total fatty acids) in male
broilers breast meat.

Fatty acids

Treatments1

SEM P valueC

APC, g,kg21

15 30

SFA
14:0 0.381 0.391 0.394 0.021 0.120
15:0 0.120 0.122 0.125 0.012 0.235
16:0 22.91 23.53 23.84 0.846 0.114
17:0 0.101a,A 0.090b,B 0.089b,B 0.026 0.010
18:0 8.352 8.871 8.461 0.183 0.201
20:0 0.150a 0.125b 0.120b 0.023 0.032

MUFA
16:1 0.461b 0.513a 0.481a 0.028 0.013
18:1 31.21 30.24 30.62 0.833 0.084
20:1 0.230 0.222 0.221 0.033 0.261

PUFA
18:2n-6 22.25 23.21 23.34 0.012 0.086
20:2n-6 0.224b 0.277a 0.270a 0.290 0.021
20:4n-6 0.254b 0.311a 0.312a 0.017 0.011
18:3n-3 2.660 2.562 2.690 0.026 0.078
20:3n-3 0.140b,C 0.161a,A 0.152a,B 0.006 0.008P

SFA 32.01 33.15 33.06 0.950 0.097P
MUFA 31.90 30.75 31.10 0.857 0.114P
PUFA 25.53 26.52 26.76 0.326 0.059P
UFA 57.43 57.27 57.87 1.082 0.068P
PUFAn-6 22.73b 23.80a,b 23.92a 0.292 0.014P
PUFAn-3 2.800 2.723 2.842 0.028 0.087P
PUFA/SFA 0.797 0.800 0.809 0.026 0.331

Indices of the dietary value of meat
n-6/n-32 8.117b 8.740a 8.417a,b 1.292 0.041
AI 0.425 0.440 0.442 0.011 0.185
TI 0.722 0.743 0.737 0.021 0.262
h/H 2.420 2.352 2.346 0.081 0.267

Data represent the mean of 10 broiler chickens per treatment.
a,bMeans in the same rows with different letters differ significantly at

P , 0.05.
A-CMeans in the same rows with different letters differ significantly at

P , 0.01.
Abbreviations: AI, atherogenic index; APC, alfalfa protein concentrate;

h/H, hypocholesterolemic/hypercholesterolemic ratio; MUFA, mono-
unsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, satu-
rated fatty acids; TI, thrombogenic index; UFA, unsaturated fatty acids.

1Treatments: C5 control diet without supplementation, 15APC5 diet
supplemented with alfalfa protein concentrate at 15 g kg21 feed, 30
APC 5 diet supplemented with alfalfa protein concentrate at 30 g kg21

feed.
2The calculated n-6/n-3 ratio was a sum of [(C18:2 n-6, C20:2 n-6, C20:4

n-6)/(C18:3 n-3, 20:3n-3)].

Table 6. Fatty acid profile (g/100 g of total fatty acids) in male
broilers thigh meat.

Fatty acids

Treatments1

SEM P valueC

APC, g,kg21

15 30

SFA
14:0 0.503 0.481 0.483 0.013 0.757
15:0 0.100 0.103 0.104 0.003 0.905
16:0 24.01a 22.41b 22.43b 0.044 0.029
17:0 0.153a 0.143b 0.145b 0.006 0.036
18:0 6.86b 7.22a 6.93a,b 0.174 0.048
20:0 0.126a 0.115b 0.106c 0.005 0.043

MUFA
16:1 0.250b 0.310a 0.320a 0.013 0.044
18:1 33.86 34.57 34.58 0.230 0.351
20:1 0.280b,B 0.320a,A 0.320a,A 0.006 0.003

PUFA
18:2n-6 23.86 24.57 24.58 0.010 0.096
20:2n-6 0.250b 0.310a 0.320a 0.402 0.046
20:4n-6 0.280b 0.320a 0.320a 0.001 0.015
18:3n-3 2.390b 2.600a 2.440b 0.047 0.032
20:3n-3 0.150b 0.170a 0.161a 0.004 0.011P

SFA 31.73 30.47 30.22 0.760 0.646P
MUFA 34.39 35.2 35.22 0.255 0.189P
PUFA 26.93 27.96 27.82 0.421 0.074P
UFA 61.32 63.17 63.04 0.595 0.052P
PUFAn-6 24.39 25.20 25.22 0.048 0.208P
PUFAn-3 2.540b 2.770a 2.601b 0.397 0.031P
PUFA/SFA 0.849b 0.918a 0.921a 0.028 0.041

Indices of dietary value of meat
n-6/n-32 9.60a 9.10b 9.70a 0.171 0.033
AI 0.424a 0.385b 0.386b 0.011 0.025
TI 0.673a 0.632b 0.625b 0.021 0.042
h/H 2.464b 2.711a 2.702a 0.081 0.017

Data represent the mean of 10 broiler chickens per treatment.
a,bMeans in the same rows with different letters differ significantly at

P , 0.05.
A- CMeans in the same rows with different letters differ significantly at

P , 0.01.
Abbreviations: AI, atherogenic index; APC, alfalfa protein concentrate;

h/H, hypocholesterolemic/hypercholesterolemic ratio; MUFA, mono-
unsaturated fatty acids; PUFA, polyunsaturated fatty acids; SFA, satu-
rated fatty acids; TI, thrombogenic index; UFA, unsaturated fatty acids.

1Treatments: C5 control diet without supplementation, 15APC5 diet
supplemented with alfalfa protein concentrate at 15 g kg21 feed, 30
APC 5 diet supplemented with alfalfa protein concentrate at 30 g kg21

feed.
2The calculated n-6/n-3 ratio was a sum of [(C18:2 n-6, C20:2 n-6, C20:4

n-6)/(C18:3 n-3, 20:3n-3)].
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its many positive properties, APC also contains antinu-
tritional compounds such as saponins, which are
involved in reduction of total cholesterol levels through
formation of insoluble complexes with cholesterol,
thereby inhibiting absorption thereof. Moreover, they
increase secretion of bile, gastric, pancreatic, and intesti-
nal juices (Khaleel et al., 2005). In the present study, the
addition of APC (15 and 30 g kg21) contributed to
reduction of muscle cholesterol levels. This may prove
the inhibitory dietary effects of flavonoids on the key
enzyme in cholesterol biosynthesis, that is HMG-CoA
reductase (Lien et al., 2008), or may be associated with
reduced absorption of cholesterol and bile acids from
the intestinal lumen (Cavallini et al., 2009). Reduction
of muscle cholesterol content is valuable to consumers,
as it lowers the risk of cardiovascular disease. As indi-
cated by research results, even a low level of flavonoids
may enhance cholesterol metabolism and reduce its
accumulation in the organism, thus improving meat
quality (Chen et al., 2016).

The main reason for the introduction of phytobiotic
additives is that, besides improvement of production
yields (Kwiatkowska et al., 2017), they can influence
the quality of animal products. This in turn can be
valuable for prevention of some human diseases (Bird
et al., 2018). Production and consumption of such
chicken meat can be safe even at prolonged supplemen-
tation: APC practically does not contain Aspergillus
flavus toxins, pesticides, or heavy metals, and the num-
ber of antinutritional compounds does not exceed
permissible values, which seems to be safe for human
and animal health (EFSA, 2009). Furthermore, the
APC is dominated by PUFA, with the largest amount
of omega-3 fatty acids and has an impact on the chem-
ical composition of broiler meat (Grela and Pietrzak,
2014).



Table 7. Impact of the type of meat on the total fatty acid content.

Item

CBM ! CTB 15BM ! 15 TM 30 BM ! 30 TM

P value

SFA 0.121 0.031 0.043
MUFA 0.008 0.009 0.003
PUFA 0.010 0.006 0.031
UFA 0.001 0.004 0.010
PUFAn-6 0.001 0.007 0.006
PUFAn-3 0.010 NS 0.021
PUFA/SFA 0.003 0.007 0.010

Abbreviations: CBM, control diet, breast meat; CTM, control diet,
thigh meat; MUFA, monounsaturated fatty acids; NS, statistically insig-
nificant; PUFA, polyunsaturated fatty acids; SFA, saturated fatty acids;
UFA, unsaturated fatty acids; 15 BM, diet supplemented with alfalfa
protein concentrate at 15 g kg21 feed, breast meat; 15 TM, diet supple-
mented with alfalfa protein concentrate at 15 g kg21 feed, thigh meat; 30
BM, diet supplemented with alfalfa protein concentrate at 30 g kg21 feed,
breast meat; 30 TM, diet supplemented with alfalfa protein concentrate at
30 g kg21 feed, thigh meat.
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In recent years, there has been clearly increasing inter-
est in PUFA, especially from the n-3 group, in human
and animal nutrition. Consumption of n-3 PUFA, in
particular those with .18 C atoms, is low owing to the
limited availability of food products (e.g., fish). On the
one hand, there is interest in enrichment of poultry
meat with these fatty acids, especially among consumers
that lead a healthy lifestyle (Sirri et al., 2011). On the
other hand, these acids are more susceptible to oxidation
(Al-Khalifa, 2015).

Oxidation stability in poultry meat is important
owing to the high content of UFA from the n-3 and n-
6 groups (Attia et al., 2019). It has been shown that
alfalfa preparations added to the diets for birds can
increase the content of fatty acids in muscles and
improve their profile (Jiang et al., 2012). In the present
study, the most favorable n-6/n-3 ratio in the breast
muscle was found in the group supplemented with
15 g,kg21 APC, whereas the 30-g APC dose contributed
to the most optimal value of the ratio in the thigh mus-
cle. The experimental factor did not cause changes in the
total fatty acid content. The n-3 fatty acids (P , 0.05)
Table 8. Antioxidant enzyme activity in crud

Item

Trea

C

Breast meat
SOD, U/g protein 42.33b 43
CAT, U/mg protein 0.278b 0
GPx, U/mg protein 2,541.0 2,624
MDA, nmol/mg protein 1.515a 1

Thigh meat
SOD, U/g protein 40.53 41
CAT, U/mg protein 0.273b 0
GPx, U/mg protein 2,531.0 2,598
MDA, nmol/mg protein 1.435 1

a,bMeans in the same rows with different letters
Data represent the mean of 10 broiler chickens p
Abbreviations: APC, alfalfa protein concentrate

MDA, malondialdehyde; SOD, superoxide dismuta
1Treatments: C 5 control diet without supplem

alfalfa protein concentrate at 15 g kg21 feed, 30 A
concentrate at 30 g kg21 feed.
had the greatest effect on the n-3 PUFA proportions in
the thigh muscle at the lower APC level. Based on the
present results, it can be concluded that APC
(30 g kg21) can sufficiently inhibit lipid oxidation
(MDA production) in the breast meat of broiler
chickens, thereby preventing oxidation of oxidatively
labile PUFA rather than the more stable SFA in meat.
In poultry, increased PUFA concentrations can reduce
monounsaturated fatty acid (MUFA) synthesis through
inhibition of the activity of the 9-desaturase complex,
that is a key enzyme that converts SFA into MUFA,
and supplementation with antioxidants is the basic
strategy for reducing SFA and increasing the proportion
of PUFA in poultry meat (Kamboh and Zhu, 2013).
Moreover, the increased ratios of PUFA: SFA (15 and
30 g APC) and n-6:n-3 (30 g APC) in the thigh muscle
observed in our study may be related to the protective
role of antioxidants, which act as electron donors,
providing them with electrons required for reduction of
certain UFA, and are metabolized by microorganisms
to these donors (Chikunya et al., 2004). To the best of
our knowledge, the additional effect of APC on the fatty
acid profile in broiler chicken meat is largely unknown,
as there is no research in this field.
The fatty acid composition depends mainly on the

poultry species and may change depending on the
feed composition. Other factors, for example the geno-
type, type, and age of the animals, may also influence
the fatty acid composition of poultry meat (Woods
and Fearon, 2009). Changes in the proportions between
saturated and unsaturated acids are an unfavorable
phenomenon from the dietary point of view. In the pre-
sent study, there was no significant effect of APC on the
proportions between SFA and UFA (SFA, MUFA,
PUFA, UFA), despite the differences between the
groups in the content of some acids. There were also
no differences in the fatty acid content of the breast
and thigh muscles, despite the higher fat content in
the thigh muscle. Because these were not directional
modifications, it is not possible based on the present
e male broilers breast and thigh meat.

tments1

SEM P Value

APC, g,kg217

15 30

.82a,b 46.13a 0.214 0.036

.290a,b 0.303a 0.012 0.034

.0 2,621.0 31.47 0.219

.510a,b 1.439b 0.023 0.021

.47 40.12 0.351 0.056

.285a,b 0.294a 0.035 0.041

.0 2,601.0 30.41 0.232

.399 1.389 0.045 0.111

differ significantly at P , 0.05.
er treatment.
; CAT, catalase; GPx, glutathione peroxidase;
se.
entation, 15 APC 5 diet supplemented with
PC 5 diet supplemented with alfalfa protein



Table 9. Lipid concentration and antioxidant enzyme in male broilers plasma.

Item

Treatments1

SEM P ValueC

APC, g,kg21

15 30

TC, mg,dL21 2.76a 2.38a,b 2.23b 0.228 0.031
TG, mg,dL21 0.44a 0.42a,b 0.40b 0.021 0.025
HDL, mg,dL21 1.83b 2.00a,b 2.19a 0.006 0.016
LDL, mg,dL21 1.99a,A 1.75a,b,B 1.64b,C 0.025 0.009
SOD, U,mg21 of protein 43.52b 45.18a,b 47.15a 2.388 0.031
CAT, U,mg21 of protein 56.30b 58.19a,b 59.54a 0.782 0.024
GPx, U,mg21 of protein 5.42 5.39 5.48 0.024 0.068
MDA, nmol,mL21 of serum 40.51a,A 38.51a,b,B 37.28b,C 0.311 0.003

a,bMeans in the same rows with different letters differ significantly at P , 0.05.
A-CMeans in the same rows with different letters differ significantly at P , 0.01.
Data represent the mean of 10 broiler chickens per treatment.
Abbreviations: APC, alfalfa protein concentrate; CAT, catalase; GPx, glutathione

peroxidase; HDL, high density lipoprotein; LDL, low density lipoprotein; MDA, malon-
dialdehyde; SOD, superoxide dismutase; TC, total cholesterol; TG, total triglyceride.

1Treatments: C5 control diet without supplementation, 15 APC5 diet supplemented
with alfalfa protein concentrate at 15 g kg21 feed, 30 APC 5 diet supplemented with
alfalfa protein concentrate at 30 g kg21 feed.

ALFALFA PROTEIN CONCENTRATE IN BROILER DIETS 9
results to determine unequivocally the effect of the
APC application on the fatty acid profile in the muscles
of the studied broiler chickens. Similarly, no significant
impact of the experimental factor on the proportion of
acids in both muscles was found in a study conducted
by Winiarska and Kwiecie�n (2015). In other investiga-
tions (Kiczorowska et al., 2015), only a tendency
toward a reduction in the amount of SFA sum in favor
of the MUFA sum was observed in breast and thigh
muscles.
Owing to the substantial amounts of UFA, poultry

meat is more susceptible to oxidation processes and
changes in the dietary value (Attia et al., 2019). Athero-
genic index and TI values indicate to what extent the
fatty acid–containing components of the human diet
may contribute to an increase in the incidence of
coronary artery disease and atherosclerosis. The lower
value is associated with the lower probability of athero-
sclerosis and blood clot formation (Simitzis et al., 2011).
The present study showed a clearly positive effect of the
experimental factor on the AI and TI observed only in
the thigh meat of the chickens receiving APC, compared
with group C, whereas no such effect on the examined
parameters in the breast muscle was found. Similarly,
the value of the h/H ratio in the thigh muscle of chickens
receiving APC, regardless of the dose, was more
favorable (higher) than in group C. There was no such
effect on the breast muscle.
In the present study, the supplementation with APC

at a dose of 30 g,kg21 yielded a significant increase in
the SOD activity in the breast muscle and a decrease
in the MDA levels, compared with group C. In addition,
higher CAT activity than the value in group C was
observed in both muscles. This suggests that administra-
tion of 15 g,kg21 APC does not produce differences in
the activity of antioxidant enzymes; therefore, a higher
amount of the compound (30 g kg21) is required to pro-
tect tissues against lipid oxidation products. This
amount increased the antioxidant capacity primarily in
the chicken breast muscles, probably via improvement
of the ability to scavenge free radicals and inhibit
oxidative processes.

Appropriate nutritional strategies can modify the
quantitative composition of fatty acids, mainly by
changing the cholesterol content via the complex
mechanism of cholesterol biosynthesis, regulation, and
metabolism (Ting et al., 2011). The present study
showed that the supplementation of 30 g,kg21 APC
caused a decrease in the content of TC, TG, and LDL
and an increase in the level of HDL. This may indicate
that the bioactive substances contained in APC play
an important role in modulation of lipid metabolism.
The present results are in agreement with those reported
by Ouyang et al. (2016), where a decline in serum TC
and LDL levels was observed with a simultaneous
increase in HDL levels. Similarly, Chen et al. (2016)
demonstrated that different amounts of alfalfa flavo-
noids added to the diet reduced the levels of TG, TC
(300 mg/kg), and LDL (150, 300, and 450 mg/kg) and
improved the HDL content in goose serum (150, 300,
and 450 mg/kg).

Investigations of antioxidant substances of plant
origin indicate that they exert antioxidant effects
through free radical scavenging, reduce the levels of
LDL and DNA susceptibility to oxidative stress, and
increase the activity and expression of antioxidant en-
zymes (Erba et al., 2012). The addition of 15 g,kg21

APC did not change the SOD, CAT, MDA, and GPx
activity, compared with group C, suggesting that this
dose may not be sufficient to increase the antioxidant
potential in chicken serum. In contrast, the supplemen-
tation with 30 g,kg21 APC caused a significant in-
crease in SOD and CAT activity and reduced the
concentration of MDA in the serum, compared with
group C. This improvement in the antioxidant capacity
may be related to the fact that the increase in the dose
of APC (up to 30 g kg21), which has strong antioxidant
molecules, can exert a protective effect by activating
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antioxidant enzymes or increasing the concentration of
low-molecular-weight antioxidants (Brenes et al.,
2016). In turn, Ouyang et al. (2016) demonstrated
that application of alfalfa flavonoids increased the
levels of CAT, SOD, and glutathione peroxidase and
reduced MDA content in serum in a dose-dependent
manner. The best effect was achieved at a dose of
15 mg/kg. Similarly, Jiang et al. (2007) reported a
dose-dependent (10–80 mg/kg) effect of soy flavonoids
on the increase in total antioxidant activity in the
serum of broiler chickens. It can therefore be assumed
that the effect of polyphenolic compounds on the anti-
oxidant status and plasma lipid oxidation in chickens
may be dependent on various factors, for example the
composition, concentration, or bioavailability of these
molecules as well as the species and sex of chickens
(Gessner et al., 2017).
CONCLUSION

The scientific novelty of this study is the first-time
description of the effects of APC concentrate on plasma
antioxidant potential and lipid metabolism as well as the
composition and profile of fatty acids, antioxidant sta-
tus, and dietary value of muscle in broiler chickens. It
was found that the inclusion of APC in the diet, regard-
less of the amount, increased carcass weight and crude
protein content in both muscles (on average by 6%)
and reduced the cholesterol level (meat: breast by 16%,
thigh by 13%) and the content of crude fat (meat: breast
by 6.5%, thigh by 13%).

The higher dose of APC increased the content of n-6
PUFA in the pectoral muscle, but a more favorable n-
6/n-3 ratio was observed at the dose of 15 g kg21. The
highest level of n-3 PUFA in the thigh muscle was found
in the group supplemented with the lower dose of APC;
however, an unfavorable ratio of n-6/n-3 acids was
detected in this group. The addition of APC, regardless
of the amount, contributed to the improvement of
atherogenic parameters in thigh muscles expressed by
lower values of AI and TI and a higher h/H value.

The addition of APC at the dose of 30 g kg21 increased
the activity of antioxidant enzymes in the muscles breast
muscles – SOD by 8.9%, CAT by 9% – thigh muscles –
CAT by 7.7% – and simultaneously reduced MDA activ-
ity (by 6%) in the breast muscle.

The study has demonstrated that biologically active
substances contained in APC can play an important
role in modulation of lipid metabolism, which was re-
flected in the lower plasma lipid levels (TC by 19%,
TG by 9%, LDL by 18%) and the higher HDL (by
19.6%) content in plasma. The higher APC dose was
found to be sufficient to increase the antioxidant poten-
tial in chicken plasma (increased SOD by 8.3% and CAT
by 5.8% activity and reduced MDA by 7.9%
concentration).

Therefore, APC can be a potential alternative to
synthetic feed additives and soya protein in production
of healthier poultry meat.
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