
  INTRODUCTION 
  In poultry feeding, soybean meal (SBM) is usually 

the main protein source because it has a high protein 
content, has a balanced amino acid profile, and is a 
satisfactory source of essential fatty acids (Hammer-
shøj and Steenfeldt, 2005). An increase in world SBM 
demand due to the increase in poultry production, as-
sociated with a stabilization of SBM production, has 
led to a decrease in availability and an increase in price 
of this commodity (Laudadio et al., 2011). 

  Alfalfa (Medicago sativa L.) meal is a commercially 
available feedstuff moderately rich in protein but with 
high concentrations of fiber. Alfalfa is well balanced in 
amino acids and is a rich source of minerals as well as 
vitamins (Jiang et al., 2012). Xanthophylls, β-carotene, 
and flavonoids in alfalfa are responsible for the high 
antioxidant properties of this plant (Aziz et al., 2005). 
In particular β-carotene is an important bioactive sub-
stance in alfalfa that is a precursor of vitamin A and 

retinoid, which has been defined as an important mol-
ecule in animal nutrition (Schweigert et al., 2002). Such 
a broad range of effects makes alfalfa meal an excellent 
poultry feed ingredient with different purposes (Khan 
et al., 2011). Recent studies showed alfalfa could re-
duce the concentrations of cholesterol in the meat and 
egg yolk (Dong et al., 2007; Krauze and Grela, 2010). 
Güçlu et al. (2004) reported that adding up to 9% al-
falfa meal to the diet of laying quails had no significant 
effect on live weight, egg production, feed intake, and 
efficiency. Nevertheless, the use of alfalfa in poultry 
feeding is limited due to the high fiber content. This 
problem could be overcome by reducing the fiber level 
of alfalfa, and some promising results have been re-
ported when cereals or legumes are sieved (Challa et 
al., 2010), pin milled (Wu and Nichols, 2005), or air 
classified (Srinivasan and Singh, 2008; Laudadio and 
Tufarelli, 2010). Combining processes can be used to 
improve the enrichment of fractions. A combination of 
sieve fractionation and air classification can increase 
the degree of enrichment of the final fractions, in terms 
of higher protein concentration in finest fractions. Sieve 
fractionation combined with air classification increased 
protein content and decreased fiber content in SBM, 
wheat middlings, and barley (Challa et al., 2010; Srini-
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  ABSTRACT   This study was designed to determine the 
effects on laying performance and egg quality resulting 
from partial substitution of soybean meal (SBM) with 
low-fiber alfalfa (LFA; Medicago sativa L.) meal in the 
diet of early-phase laying hens. ISA Brown layers, 18 wk 
of age, were randomly allocated to 2 dietary treatments 
and fed for 10 wk. The hens were fed 2 wheat mid-
dling–based diets: a control diet, which contained SBM 
(15% of diet), and a test diet containing LFA (15% 
of diet) as the main protein source. Low-fiber alfalfa 
meal was obtained by a combination of sieving and air-
classification processes. Feed intake was recorded daily, 
and egg production was calculated on a hen-day basis; 
eggs from each group were weekly collected to evaluate 

egg components and quality. The partial substitution 
of SBM with LFA had no adverse effect on growth per-
formance of early-phase laying hens. Egg production 
and none of the egg-quality traits examined were influ-
enced by dietary treatment, except for yolk color (P < 
0.001) and yolk percentage (P < 0.05) as well as yolk 
cholesterol and β-carotene contents (P < 0.001), which 
were improved in hens fed the LFA diet. Including LFA 
increased serum β-carotene and reduced serum choles-
terol concentrations (P < 0.001). Our results suggest 
that partially replacing conventional SBM as protein 
source with low-fiber alfalfa meal in the laying-hen diet 
can positively influence yolk quality without adversely 
affecting productive traits. 
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vasan et al., 2012). However, in spite of these successes, 
to the best of our knowledge, the application of sieving 
air classification to alfalfa meal was never previously 
investigated. Therefore, the aim of this study was to 
evaluate the inclusion of low-fiber alfalfa meal as alter-
native protein sources to SBM in the laying-hen diet 
and to assess its effects on productive performance and 
egg quality.

MATERIALS AND METHODS

Experimental Birds and Management
This study was conducted in the experimental poultry 

facility located at the University of Bari “Aldo Moro,” 
Italy, observing the animal welfare Legislative Decree 
116/92, Council Directive 98/58/EC, received in Italy 
by Legislative Decree 146/2001, and Council Directive 
2007/43/CE, received in Italy by the governmental De-
cree 181/2010 and Legislative Decree 267/2003.

A total of 200 ISA Brown laying hens, 18 wk of age 
with an initial BW of 1,571 ± 12.2 g, were free-range 
reared. The hens were divided into 2 groups of 100 
hens each (4 replicates each of 25 birds per group) and 
were housed in different indoor pens (0.15 m2/bird) 
equipped with feeders and drinkers, with free access to 
open-air runs (3 m2/bird).

Dietary Treatments
The hens were fed 2 experimental diets: a wheat mid-

dling-soy diet (control) and wheat middling-alfalfa-soy 
diet. Each diet was replicated 4 times, with each repli-
cate comprising one pen of 25 birds. The diets (Table 1) 
were isocaloric and isonitrogenous containing 17.5% CP 
and 2,680 kcal of ME/kg of diet, designed to meet or 
exceed the nutrient requirements for early-phase laying 
hens (NRC, 1994). The diets were supplemented with a 
commercial feed enzyme (Roxazyme G2G; Roche, Ba-
sel, Switzerland). Both diets were presented similarly 
in pelleted form to reduce differences in feed physical 
form, to ensure the same quality, and to prevent feed 
selection by hens (Buchanan and Moritz, 2009). Feed 
and water were provided ad libitum throughout the en-
tire trial. Hen mortality was recorded as it occurred.

Preparation of Feed Ingredients
The 2 dietary protein sources evaluated were SBM 

(48% CP) and alfalfa (Medicago sativa L., 19.2% CP 
and 26.7% crude fiber on a DM basis). The major grain 
energy source for both diets, wheat middlings, was ob-
tained from durum wheat (Triticum durum Desf. cv. 
Appulo). The wheat middlings were previously sieved 
to separate the fibrous components to obtain a product 
with an average crude fiber content of ~3% (Laudadio 
et al., 2011).

Alfalfa meal, organically and locally grown, was used 
as a starting research material. The fractionation was 

carried out through a turbo-separator (a highly modi-
fied cyclone) and a cyclone that were assembled in se-
ries. The apparatus sorted meal into 2 portions: coarse 
and fine fractions (Laudadio et al., 2013). The obtained 
meal was fractioned by air classification with an SX-
100 apparatus (Separ Microsystem, Brescia, Italy). 
Briefly, this apparatus has a working capacity of 100 
to 200 kg/h and consists of a turbo-separator (a highly 
modified cyclone) and a cyclone assembled in series. 
An aspirating pump mounted at the end of the system 
drives the air flow, which is modulated by means of an 
inlet valve. A further cyclone and a filter are placed 
before the pump to remove any very fine powder, which 
never exceeded 1% of the initial meal and is thus not 
discussed at any point (Ferrari et al., 2009). The ap-
paratus sorted the flour into 2 portions (coarse and 

Table 1. Ingredients and chemical analysis of experimental diets 
fed to laying hens 

Item
Soybean  

meal
Alfalfa  
meal

Ingredient, g/kg, as-fed basis
 Wheat middlings1 705.6 626.7
 Soybean meal (48% CP) 150.0 80.0
 Alfalfa meal (26% CP) — 150.0
 Calcium carbonate 90.0 86.0
 Sunflower oil 20.0 26.0
 Dicalcium phosphate 17.0 17.5
 Vitamin-mineral premix2 5.0 2.5
 l-Lys HCl 3.2 2.6
 Sodium chloride 2.5 1.6
 Sodium bicarbonate 2.4 2.2
 dl-Met 1.3 2.8
 Thr 1.0 1.0
 Enzyme3 1.0 1.0
 Choline chloride 1.0 0.5
Chemical analysis, %   
 DM 90.2 89.8
 CP 17.5 17.5
 Crude fiber 3.8 3.9
 Crude fat 4.9 5.0
 Ash 12.8 12.7
Calculated analysis   
 ME, kcal/kg of diet 2,675 2,689
 Lys, % 0.80 0.81
 Ca, % 3.91 3.94
 Met + Cys, % 0.74 0.74
 Available P, % 0.62 0.62
Fatty acid,4 %   
 Σ SFA 30.93 29.42
 Σ MUFA 34.54 35.21
 Σ PUFA 34.53 35.37
 Total n-6 32.61 34.17
 Total n-3 1.57 2.11

1Wheat middlings obtained from durum wheat (Triticum durum Desf. 
cv. Appulo; Laudadio and Tufarelli, 2011).

2Provided per kilogram of product: 2,500,000 IU of vitamin A; 300,000 
IU of vitamin D3; 7,500 µg of 25-hydroxycholecalciferol; 6,000 mg of 
vitamin E; 500 mg of vitamin K3; 4,000 mg of niacin; 300 mg of vitamin 
B1; 1,000 mg of vitamin B2; 2,000 mg of d-pantothenic acid; 400 mg of 
vitamin B6; 3 mg of vitamin B12; 150 mg of folic acid; 20 mg of d-biotin; 
10,000 mg of Fe; 1,000 of mg Cu; 30,000 mg of Mn; 40 mg of Co; 15,000 
mg of Zn; 200 mg f I; 20 mg of Se. Assayed concentrations of β-carotene 
for the 2 diets were 0.31 and 0.89 mg/kg, respectively.

3Provided per kilogram of product: endo-1,4-β-glucanase 800,000 U; 
endo-1,3(4)-β-glucanase 1,800,000 U; endo-1,4- β-xylanase 2,600,000 U.

4SFA = saturated fatty acid; MUFA = monounsaturated fatty acid; 
PUFA = polyunsaturated fatty acid.
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fine fractions), which were collected from the turbo-
separator and the cyclone, respectively. The air-flow 
inlet restriction valve was the only adjustable setting 
of the apparatus. The relative yield of the coarse and 
fine fractions could be changed in a consistent way by 
varying the air flow. Because the set value of the air-
flow valve is of significance only for the apparatus used 
here, the yield of the coarse fraction was assumed as 
a more correct reference parameter for the air-classi-
fication process. For this trial we used the alfalfa fine 
fraction highest in protein and lowest in fiber contents. 
The chemical composition of the alfalfa meal before 
and after the processing treatments is shown in Table 1.

Sample Collection and Procedures
Samples of diets and raw and treated alfalfa meal 

were ground in a hammer mill with a 1-mm screen and 
analyzed in triplicate for DM (945.15), ash (967.05), 
CP (Kjeldahl N × 6.25, 990.03), crude fiber (978.10), 
and ether extract (945.16) according to AOAC Inter-
national (2000). The neutral detergent fiber (using 
heat-resistant α-amylase without sodium sulfite), acid 
detergent fiber, and lignin were analyzed according to 
Mertens (2002), AOAC International (2000) (973.187), 
and Van Soest et al. (1991), respectively, using the se-
quential procedure and the filter bag system (Ankom 
Technology, New York, NY).

Body weight of hens was recorded at the start and 
end of the experiment. Eggs were collected daily, and 
egg production was calculated on a hen-day basis. Eggs 
with any adhering manure were classed as dirty, and 
the percentage was calculated. Feed intake was re-
corded weekly by replicate. Feed conversion ratio was 
calculated as grams of feed per grams of egg. Eggs pro-
duced the last day of each week on trial were individu-
ally weighed and graded as described by the European 
Council Directive (2006). The categories recorded for 
egg size were extra-large (>73 g), large (73–63 g), me-
dium (63–53 g), and small (<53 g) as reported by Safaa 
et al. (2009). Eggs were analyzed for their interior and 
exterior quality as reported by Laudadio and Tufarelli 
(2010). Eggs were examined for shell quality by specific 
gravity. Shell thickness (with shell membrane) of the 
eggs (10% of the daily egg produced) was measured by 
micrometer. Shell thickness was a mean value of mea-
surements at 3 locations on the eggs (air cell, equator, 
and sharp end). Breaking strength of uncracked eggs 
was determined with a testing machine (model 1140, 
Instron Ltd., Bucks, UK). Egg components (as albu-
men, yolk, and shell) were measured by weekly break-
outs on 2 eggs per replicate pen and expressed as per-
centage of egg weight. The Haugh unit was calculates 
as Haugh units (%) = 100 × log (H + 7.57 − 1.7W0.37), 
where H is the height of the albumen and W is the 
weight of the egg, according the formula proposed by 
Card and Nesheim (1972). Yolk color was determined 
by the Roche yolk color fan (Hoffman-La Roche Ltd., 

Basel, Switzerland; color scale from 15, dark orange, to 
1, light pale).

Blood samples (2.0 mL) from each individual layer 
were collected weekly during the whole feeding period. 
Blood was collected from the brachial wing vein using 
sterilized syringes and needles. After 1 h standing at 
room temperature, serum was isolated by centrifuga-
tion at 1,150 × g for 10 min at 20°C. Serum samples 
were stored at −80°C until further analysis.

Yolk and Serum Cholesterol  
and β-Carotene Contents

The yolk cholesterol concentrations were determined 
sampling egg yolks (1 g) weekly (using the 20% of the 
eggs produced in a week) saponified with 20 mL of 
33% ethanolic KOH in tightly capped tubes placed in a 
60°C water bath for 1 h. The mixture was then cooled 
in ice water, and 5 mL of distilled water was added. 
Cholesterol in unsaponifiable fractions was extracted 
twice with 5 mL of hexane. The resulting aliquot of 
hexane containing cholesterol was dried under nitro-
gen, redissolved in 5 mL of hexane, and injected into a 
gas chromatograph (HP-6890 N, Hewlett-Packard, Palo 
Alto, CA). Five α-cholestane (Sigma-Aldrich, Oakville, 
Canada) was used as an internal standard. A split inlet 
(split ratio, 100:1) was used to inject samples into a 
capillary column (HP-5, Agilent, Santa Clara, CA; 30 
m × 0.53 mm × 0.5 µm), and the gradually increased 
oven temperature was 270°C isothermal, detector tem-
perature was 300°C, and inlet temperature was 210°C. 
The carrier gas was N2 at a constant flow rate of 1.0 
mL/min. Total cholesterol concentrations in the plasma 
were analyzed independently by UV spectrophotome-
ter using commercial kits (DiaSys Diagnostic Systems, 
Holzheim, Germany).

Concentrations of yolk and serum β-carotene were 
measured using HPLC according to the method out-
lined by Cucco et al. (2007) and Mori et al. (2003), 
respectively. Briefly, an aliquot of yolk (0.2–0.5 g) was 
homogenized in 2 mL of a 1:1 (vol/vol) mixture of 5% 
NaCl solution and ethanol, followed by the addition 
of 3 mL of hexane and further homogenization for 3 
min. After centrifugation, hexane was collected and the 
extraction was repeated twice. Hexane extracts were 
combined and evaporated under N2, the residue was 
dissolved in 1 mL of methanol:dichloromethane (1:1, 
vol/vol) and centrifuged, and the supernatant was used 
for carotenoid determination. The β-carotene was de-
termined by HPLC with a WatersTM Alliance 2695 
Modul-System (Millipore Corp., Bedford, MA), using a 
Spherisorb type S3ODS2, 5-m C18, reverse-phase col-
umn, 25 mm (Phase Separation, Clwyd, UK) with a 
mobile phase of acetonitrile–methanol (85:15) and ace-
tonitrile–dichloromethane–methanol (70:20:10) in gra-
dient elution using detection by absorbance at 445 nm. 
Peaks were identified by comparison with the retention 
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times of carotenoid standards and integrated with spe-
cific software.

Statistical Analysis
Data were analyzed using the one-way ANOVA op-

tion of the GLM of SAS/STAT software (SAS Institute 
Inc., 2000) as a completely randomized design with the 
2 dietary treatment or CP sources (SBM and LFA) 
as main effects. The statistical model used was Yijk = 
μ + Pi + Rij + εijk, where Yijk = response variables 
from each individual replication or pen; μ = the over-
all mean; Pi = the effect of dietary protein source; Rij 
= the interexperimental unit (replications) error term; 
and εijk = the intraexperimental unit error term. When 
there was a significant F-value, means were compared 
by the Student-Newman-Keul’s method. Significance 
implies P < 0.05 unless stated otherwise.

RESULTS AND DISCUSSION
No literature was located on the effects of sieving and 

air-classification processes on the nutritional properties 
of alfalfa meal and its effect on laying hens productive 
performance. Thus, this subject should be considered 
as a new investigation.

The proximate composition of raw and treated alfalfa 
meal is reported in Table 2. The combination of siev-
ing and air classification of alfalfa meal was effective 
in separating protein and fiber from starting material. 
Low-fiber alfalfa meal was found to contain apprecia-

ble content of nutrients; in fact the sieving and air-
classification processes improved CP (192 vs. 263 g/
kg as-fed basis) and ether extract (21 vs. 28 g/kg) level 
and reduced crude fiber (267 vs. 153 g/kg) and neutral 
detergent fiber (452 vs. 285 g/kg) level compared with 
untreated meal.

Sieving and air classification are used to produce 
protein or concentrates mainly in cereals and pulses 
(Srinivasan et al., 2012). Meal particles produced are 
different in their shape, size, and density. Air classi-
fication differentiates the protein (fine fraction) and 
starch (coarse fraction) particles (Owusu-Ansah and 
McCurdy, 1991). The meal is air classified in a spi-
ral air stream and fractionated into light and heavy 
particles. The fine and light particles contain protein, 
whereas the coarse and heavier particles mostly contain 
starch granules. Based on our findings, low-fiber alfalfa 
meal has shown the valuable potential for commercial 
application of this technology, and the fractionation of 
nutritional components from alfalfa can be also effi-
ciently done by sieving and air classification. The no-
table protein content of low-fiber alfalfa obtained in 
our trial has nutritional significance, because moderate 
intake of this meal will greatly increase the total di-
etary protein intake. Hence, its utilization as an alter-
native protein source in poultry formulation will reduce 
the over-dependence on conventional plant protein such 
as soybean meal. Moreover, Medicago sativa is rich in 
Try, Lys, and Thr; therefore, the obtained production 
results may be used to prove high efficiency of protein 
alfalfa meal application as poultry feed (Krauze and 
Grela, 2010).

In Table 3 are reported the effects of a diet includ-
ing low-fiber meal on the BW, feed consumption, feed 
conversion ratio, egg production, and egg weight of 
early-phase laying hens. A diet containing alfalfa had 
no significant effects on hens final BW (P = 0.596). In-
clusion of the alternative protein source at our level of 
15% in the diet had no significant (P = 0.058) influence 
on feed intake, without any negative effect also on feed 
efficiency (P = 0.092) compared with the control diet 
containing conventional soybean meal.

Concerning the effects of dietary alfalfa on BW 
changes, feed intake of layers, and feed efficiency, the 
data results are questionable and contrasting. In a pre-
vious study, Güçlu et al. (2004) reported that dietary 
alfalfa meal at different inclusion levels had no signifi-
cant effect in feed consumption of laying hens, but feed 

Table 2. Chemical composition of raw alfalfa meal and treated 
alfalfa meal 

Nutrient, %, as-fed basis

Raw  
alfalfa  
meal

Treated  
alfalfa  
meal1

DM 89.4 89.6
CP 19.2 26.3
Ether extract 2.1 2.8
Crude fiber 26.7 15.3
Neutral detergent fiber 45.2 28.5
Acid detergent fiber 34.3 23.0
Lignin 9.5 5.8
Ash 10.3 11.3
Acid insoluble ash 0.09 0.06
Hemicellulose 10.9 5.5
Cellulose 23.8 16.6

1Low-fiber alfalfa (Medicago sativa L.) meal obtained after sieving and 
air-classification processes.

Table 3. Effect of diets on laying hens’ growth performance, egg production, and weight 

Item
Soybean  

meal
Alfalfa 
meal SEM P-value

Initial BW, g 1,565 1,582 8.74 0.752
Final BW, g 1,802 1,825 9.89 0.596
ADFI, g 117.1 118.3 0.31 0.058
Feed conversion ratio, g of feed/g of egg 1.92 1.94 0.03 0.092
Egg-laying rate, % 88.79 89.01 0.51 0.177
Egg weight, g 61.4 62.2 0.32 0.059
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conversion ratio results were negatively correlated with 
alfalfa meal level. However, other studies showed that 
addition of alfalfa meal into the hen diet significant-
ly affected BW and intakes of the hens (Güçlu et al., 
2004). Because the increase in body mass of layers was 
negatively correlated with egg production, the stability 
of body mass in hens fed diets supplemented with lupin 
can be considered a favorable factor in increasing egg 
production as reported by Aydin et al. (2008) and more 
recently by Laudadio and Tufarelli (2010). The findings 
of the present study showed that partial substitution of 
soybean meal with low-fiber alfalfa meal in the diet did 
not negatively influence hen weight changes and then 
dietary alfalfa led to better feed utilization. Such as-
pects include nutrient content, house temperature, rate 
of production, egg size, and BW. The suggested feed 
intake rate for the early-phase ISA Brown strain hens 
under normal field conditions using an energy adequate 
diet was also met. The determination of feed conversion 
ratio done by considering the total egg production and 
total feed intake is perhaps the major singular index 
used in economic assessment of egg production in lay-
ing hens (Laudadio and Tufarelli, 2010).

The egg-laying rates (%) were statistically similar (P 
= 0.177) for all hens on experimental diets with a range 
of 88.8 in hens on soybean diet and 89.0 in hens on low-
fiber alfalfa diet, indicating uniformity in the laying 
pattern and quantity of egg laid by the hens fed alter-
native protein source. It is suggestive that with dietary 
inclusion of treated alfalfa meal, there was the possibil-
ity of an increased blood flow to the ovaries, thereby 
leading to more ovarian follicle formation, which ul-
timately increased the egg production (Fasuyi et al., 
2007). The egg weight was also statistically similar (P 
= 0.059) among experimental hens, with a range 61.4 
and 62.2 g for hens fed SBM or LFA diet, respectively, 
indicating that the inclusion of the alternative protein 

source supported this egg trait as also previously found 
by Güçlu et al. (2004). The average weight of the eggs 
also conformed and compared favorably with values re-
ported for layers in available literatures (Khajali et al., 
2007; Al-shami et al., 2011). The only significant dif-
ference observed of the egg traits was for the percent-
age of medium-size eggs (53–63 g) from 18 to 28 wk of 
age that was greater for hens fed the SBM control diet 
than for hens fed alfalfa (36.5 vs. 34.5%; P = 0.047) 
and large-size eggs (63–67 g) production that resulted 
higher in hens fed alfalfa meal (Table 4).

Dietary treatment did not negatively affect any trait 
related to egg or shell quality (Table 4). The overall 
values obtained in the present study are quite accept-
able for optimal egg quality for this age of hens (18 to 
28 wk) in the early phase of production. Conversely, 
studies in the past, on hens fed diets including alfalfa 
meal, have reported that alfalfa supplementation can 
have a negative effect on egg quality (Güçlu et al., 
2004). However, this may be related to the presence of 
the high fiber content in the alfalfa meal, in our case 
instead minimized by the processing effect of sieving 
and air classification. In fact, a combination of process-
ing effects has been reported to be effective in reducing 
the levels of crude fiber also in other feed ingredients 
(Srinivasan and Singh, 2008; Challa et al., 2010; Lau-
dadio et al., 2013).

The shell thickness and strength also had similar 
mean values (P = 0.355) among dietary treatments for 
each parameter, indicating a similar relative density for 
the eggs. Moreover, the Haugh unit values were also 
similar (P = 0.091) for the eggs laid by the experimen-
tal laying birds. The average values of these egg-quality 
parameters conformed to data reported for standard 
commercial egg production guides and other available 
literature (Farran et al., 2001; Laudadio and Tufarelli, 
2011). The egg yolk color score was increased when 

Table 4. Effects of diets on the egg-quality parameters and serum cholesterol and β-carotene 

Item
Soybean 

meal
Alfalfa 
meal SEM P-value

Egg grade, %     
 >73 g 4.0 3.5 0.07 0.202
 63–73 g 58.5 60.5 0.46 0.041
 53–63 g 36.5 34.8 0.33 0.047
 <53 g 1.0 1.2 0.04 0.336
Haugh unit 87.05 89.71 0.45 0.091
Shell thickness, mm × 10−2 0.31 0.33 <0.01 0.355
Shell strength, kg/cm2 1.52 1.59 0.03 0.253
Broken + shell-less eggs, % 0.16 0.15 <0.01 0.522
Dirty eggs, % 0.32 0.29 <0.01 0.203
Egg components, %     
 Yolk 23.7 25.4 0.11 0.037
 Albumen 65.5 64.1 0.15 0.051
 Shell 10.8 10.5 0.06 0.144
Yolk color score 11.14 13.27 0.23 <0.001
Yolk     
 Cholesterol, mg/g of yolk 13.1 10.2 0.50 <0.001
 β-Carotene, µg/g of yolk 153.2 302.5 20.21 <0.001
Serum     
 Cholesterol, mg/dL 117.5 101.1 8.22 <0.001
 β-Carotene, µg/mL 32.4 120.7 10.53 <0.001
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low-fiber alfalfa meal was included into the diet of lay-
ers compared with the group fed SBM (13.27 vs. 11.14, 
respectively; P < 0.001). The influence of LFA on yolk 
color observed in our study may be related to the quan-
tity of natural pigments contained in the alternative 
feed ingredient. Previous studies (Güçlu et al., 2004; 
Laudadio and Tufarelli, 2010) showed a progressive ef-
fect in yolk color as level of leguminous plants in laying-
hen diet was increased.

Serum and egg-yolk β-carotene increased for hens 
given diets supplemented with low-fiber alfalfa meal 
(Table 4). The same was true for serum and egg-yolk 
cholesterol concentrations between treatments. The 
concentrations of β-carotene in the egg yolk were with-
in the ranges reported in other avian species (Surai, 
2002). It is well known that enrichment of poultry diets 
with carotenoids results in increased concentration in 
the egg yolk. The β-carotene-rich vegetables such as 
alfalfa meal have been studied to obtain the darkest egg 
yolk color and stable eggs resulting from their increased 
antioxidant ability against lipid peroxidation (Cucco et 
al., 2007). In agreement with the present data, other 
studies in which carotenoids-rich plants were supple-
mented to poultry diets resulted in increased egg-yolk 
carotenoids concentrations (Akdemir et al., 2012). 
Moreover, high β-carotene concentration may increase 
the oxidative stability and provide a source of β-carotene 
that is useful for human nutrition and health. In addi-
tion to affecting the yolk color, β-carotene plays a key 
role as antioxidants in the healthy development of chick 
embryos, ensuring a stronger immune response (Dong 
et al., 2007). Regarding the transmission of β-carotene 
from serum to eggs, it has been shown that dietary 
supplementation can increase the yolk carotenoid con-
tents (Surai et al., 2003). Nevertheless, it is clear that 
the dietary variation in carotenoids is not the only fac-
tor that produces individual differences; an important 
role of breed, age, and season was reported (Cucco et 
al., 2007). Low-fiber alfalfa-meal supplementation in 
diet markedly decreased (P < 0.001) serum and yolk 
total cholesterol levels. The hypocholesterolemic effect 
of low-fiber alfalfa meal in serum and egg should be 
partly owing to suppression of de novo lipogenesis in 
the liver. However, it is unknown whether alfalfa meal 
supplementation is effective in reducing intestinal re-
absorption of biliary cholesterol in laying hens, which 
modulates whole-body cholesterol in favor of lowering 
plasma and yolk cholesterol content. Moreover, reduced 
yolk cholesterol content as a result of feeding low-fiber 
alfalfa can be partly due to the presence of saponins in 
this ingredient, which have hypocholesterolemic effects 
(Mourão et al., 2006).

As a result, low-fiber alfalfa (Medicago sativa L.) 
meal can be included in the commercial early-phase 
laying hen diet with a significant depression in neither 
production nor quality of eggs, and the implication of 
these findings indicated a diet with low-fiber alfalfa 
dietary inclusion may be the most cost-effective suit-
able diet for laying performance to improve egg quality; 

however, further trials are needed to give more reliable 
conclusions about the effects of treated alfalfa meal on 
layer performance traits.
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