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Introduction: Fat inclusion in the diet presents positive features such as essential fatty acids and vitamin supply,
slowing the passage rate, and lubricating the feed milling equipment. The price of conventional added fat sources
has been increasing in the last few years; therefore, there is a growing interest in the use of alternative energy
sources in poultry feeding. In this context, coproducts derived from the soybean oil refinement process represent
an economic alternative and permit giving added value to residual products. Soybean lecithin, which is extracted
from the soybean oil degumming process, is mainly composed of polar lipids (>60%), especially of phospholipids,
but also contains an important amount of neutral lipids (30—40%), as triacylglycerols and free fatty acids. Soy
lecithin may also act as a source of polyunsaturated fatty acids, which are important precursors of eicosanoids for
human health benefits and neonatal growth. The inclusion of lecithin in the diet could improve lipid digestibility,
liver function, and performance. Therefore, the present study was designed to evaluate the effect of fat source and
soybean lecithin on performance, egg quality, nutrient digestibility, and blood parameters in laying hens.
Materials and methods: A total of 144 Nick Chick laying hens were randomly divided into six treatments, six
replicates, and four hens per replicate as a 2x3 factorial experiment in a completely randomized design. The
experimental treatments included: 1) 3% soybean oil, 2) 3% soybean oil + 0.1% lecithin, 3) 3% tallow, 4) 3%
tallow + 0.1% lecithin, 5) a mixture of soybean oil + tallow in equal proportions, and 6) a mixture of soybean oil
+ tallow in equal proportions + 0.1% lecithin. Lecithin contains 7480 kcal/kg metabolizable energy and is added
to experimental diets at one kg/ton as per company recommendation. Productive performance and egg quality
traits were recorded from 37 to 44 weeks of age. Egg production and egg weight were recorded daily and feed
intake was recorded weekly. This information was used to calculate the feed conversion ratio. Egg quality was
measured in four eggs which were individually weighed and the external and internal quality (shape index, yolk
index, yolk weight, yolk color, Haugh unit, shell weight, and shell thickness) was determined. At the end of the
experiment (44 weeks of age) celite was added to experimental diets as an insoluble marker. Apparent
metabolizable energy, dry matter, fat and crude protein digestibility were measured. Liver enzymes’ activity
(aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, and lactate dehydrogenase
concentrations) and blood parameters (triglyceride, cholesterol, HDL, and LDL) were measured at the end of the
experiment.

Results and discussion: Feed intake (P<0.01), egg production, and egg mass improved by a mixture of soybean
oil + tallow (P<0.05) in the entire experiment. The effects of the source of oil on the productive performance of
laying hens are contradictory and depend on the oil source and fatty acid compositions of oil/lipids, strain, and
age of hens. Inclusion of lecithin in the diet increased feed intake and yolk color (P<0.01) but decreased Haugh
unit (P<0.05). The reasons for the discrepancies among researchers concerning the effects of dietary lecithin on
poultry production are not known but might depend on the type of bird used, as well as on the characteristics of
the diet, including the level, source, and fatty acid profile of the lipid source used. The information available on
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the effects of lecithin on yolk pigmentation is scarce. The unsaturated fatty acid profile of lecithin is more
favorable for xanthophyll absorption and utilization than that of the more saturated fatty acid profile of animal fat.
Lecithin facilitates the absorption and transfer of fats, so it can cause the absorption of pigment substances as fat-
soluble compounds. Yolk color increased and eggshell thickness was decreased (P<0.05) by a mixture of soybean
oil + tallow. Apparent metabolizable energy, dry matter, fat, and protein digestibility were not affected by fat
source, lecithin inclusion, or fat source x lecithin interaction. Moreover, the data indicated that the addition of
soy oil decreased the cholesterol in the plasma (P<0.05). Aspartate aminotransferase (P<0.01), lactate
dehydrogenase (P<0.05), triglyceride (P<0.01), cholesterol, and LDL (P<0.05) concentrations of the plasma
decreased by lecithin inclusion in the diet. Lecithin is one of the natural elements that have dispersing properties.
Lecithin is capable of reducing LDL cholesterol. It also promotes HDL cholesterol synthesis. In addition, it is
used to help reduce cholesterol and triglycerides and protect the liver in the prevention of kidney stone formation.
The lecithin modifies the cholesterol homeostasis in the liver, increasing the HMG-CoA reductase (3-hydroxy-3-
methyl-glutaryl-coenzyme A reductase) and alpha 7 hydroxylase cholesterol activities. The LDL concentration
and size are also significantly reduced and the bile acid pool and bile lipid secretion are increased.

Conclusions: In general, soybean lecithin can be added, in combination with soybean oil and tallow as an energy
source in laying hens' diet to improve performance.
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Table 1. Ingredients and chemical analysis of experimental diets (%, as is)

Ingredients Soy oil Tallow Soy oil + Tallow
-Lec +Lec -Lec +Lec -Lec +Lec
Corn 53.77  53.67 54.64 5454 5420 54.10
Soybean meal 27.55 27.55 2777 27777 27.66  27.66
Wheat bran 4.60 4.60 3.49 3.49 4.05 4.05
Soy oil 3.00 3.00 - - 1.50 1.50
Tallow - - 3.00 3.00 1.50 1.50
Lecithin - 0.10 - 0.10 - 0.10
Dicalcium phosphate 1.40 1.40 1.42 1.42 1.41 1.41
Opyster shell 8.67 8.67 8.67 8.67 8.67 8.67
Vitamin and mineral premix !+ 0.50 0.50 0.50 0.50 0.50 0.50
DL-Methionine 0.13 0.13 0.13 0.13 0.13 0.13
Sodium bicarbonate 0.17 0.17 0.17 0.17 0.17 0.17
Salt 0.21 0.21 0.21 0.21 0.21 0.21
Calculated analysis
Metabolizable energy (kcal/kg) 2750 2750 2750 2750 2750 2750
Crude protein 17.09 17.09 17.09 17.09 17.09  17.09
Calcium 3.73 3.73 3.73 3.73 3.73 3.73
Available phosphorus 0.38 0.38 0.38 0.38 0.38 0.38
Sodium 0.16 0.16 0.16 0.16 0.16 0.16
Chloride 0.16 0.16 0.16 0.16 0.16 0.16
Lysine 0.82 0.82 0.82 0.82 0.82 0.82
Methionine 0.37 0.37 0.37 0.37 0.37 0.37
Methionine + cysteine 0.60 0.60 0.60 0.60 0.60 0.60
Threonine 0.54 0.54 0.54 0.54 0.54 0.54
Dietary Cation-Anion Balance (mEq/kg) 224 224 224 224 224 224

12 Vitamin and mineral premix supplied per kilogram of diet: vitamin A 360000 IU; vitamin D3 800000 IU; vitamin E 7.2 g;
vitamin K3 0.8 g; thiamine 0.71 g; vitamin B2 2.64 g; vitamin B6 1.176 g; pantothenate 3.92 g; nicotinic acid 11.88 g; folic
acid 0.4 g; biotin 40 mg; vitamin B12 6 mg; choline chloride 100 g; manganese oxide 39.64 g. Zn 33.88 g; Fe 20 g; Cu 4 g;

Calcium lodat 0.64 g; Co 0.2 g and Se 80 mg.
Lec: Lecithin
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Table 2. Effect of fat source and lecithin on laying hens’ performance from 37 to 44 weeks of age

ADFI! Egg Egg Egg mass
Fat source (g/d/b) weight (g) production (%) (g/d) FCR?
Soy oil 99.28° 60.09 96.08° 57.75° 1.723
Tallow 98.47° 60.04 95.77° 57.56P 1.722
Soy oil + Tallow 101.63* 60.64 97.61* 59.212 1.718
SEM 0.508 0.258 0.525 0.421 0.0132
P-value 0.0001 0.1921 0.0301 0.0101 0.9691
Lecithin
0 98.39° 60.09 96.22 57.88 1.710
0.1 101.192 60.43 96.75 58.47 1.733
SEM 0.415 0.211 0.428 0.344 0.0112
P-value 0.0001 0.2462 0.3782 0.2243 0.1432
Treatments
Soy oil
-Lecithin 97.87° 59.62 95.22 56.79¢ 1.728
+Lecithin 100.69* 60.56 96.93 58.70% 1.717
Tallow
-Lecithin 96.26° 59.73 95.66 57.27% 1.703
+Lecithin 100.69* 60.36 95.89 57.85%b¢ 1.742
Soy oil + Tallow
-Lecithin 101.052 60.91 97.78 59.57° 1.698
+Lecithin 102.212 60.38 97.44 58.86 1.739
SEM 0.719 0.365 0.742 0.596 0.0191
P-value
Fat source x Lecithin 0.0761 0.1072 0.3601 0.0902 0.3112
Week 0.0001 0.0631 0.4176 0.0571 0.0471
Treatment 0.0001 0.0555 0.1491 0.0042 0.1001

! Average daily feed intake.
2 Feed conversion ratio.

a¢ Means with different superscripts within a same column differ significantly (£<0.05).

SEM: Standard error of the means.
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Table 3. Effect of fat source and lecithin on egg quality traits from 37 to 44 weeks of age

Shape .YOlk Y(.)lk Yolk Shell Haugh Shell S hell
Fat source index index weight color weight nit ercentage thickness
%) (%) (2) (9p M POOOMRET (mm)
Soy oil 75.01 48.48 17.25 6.70P 5.81 82.04 9.63 0.615%®
Tallow 73.97 43.22 17.65 6.97* 5.95 82.67 9.76 0.627*
Soy oil + 74.07 42.55 17.97 7.02° 5.95 83.12 9.64 0.601°
Tallow
SEM 0.320 2.826 0.230  0.088  0.056 0.577 0.094 0.0062
P-value 0.056 0.281 0.101 0.035 0.142 0.428 0.593 0.021
Lecithin
0 74.28 46.73 17.53 6.78° 5.86 83.35° 9.62 0.612
0.1 74.42 42.77 17.71 7.012 5.95 81.88° 9.73 0.617
SEM 0.261 2.307 0.188 0.072  0.046 0471 0.076 0.0053
P-value 0.717 0.233 0.501 0.030 0.172 0.035 0.314 0.485
Treatments
Soy oil
-Lecithin 74.94° 43.52 17.15>  6.50° 5.82° 82.18° 9.68 0.615%
+Lecithin 75.06 43.45 17.34> 6912 5.81° 81.91° 9.59 0.615%®
Tallow
-Lecithin 73.79¢ 43.58 17.67°  6.86° 5.85P 82.90P 9.60 0.627*
+Lecithin 74.14° 42.85 17.63*  7.08 6.06* 82.45° 9.91 0.628*
Soy oil +
Tallow
-Lecithin 74.10P 43.09 17.77°  7.00° 5.912 84.96° 9.58 0.594°
+Lecithin 74.05° 42.00 18.170  7.05* 5.99%  81.28° 9.70 0.609%
SEM 0.453 3.997 0.325 0.125  0.079 0.815 0.133 0.0094
P-value
Fat source x 0.852 0.408 0.593 0222 0.208 0.149 0.181 0.545
Lecithin
Week 0.487 0.165 0.297 0.001 0.075 0.077 0.074 0.001
Treatment 0.022 0.341 0.001 0.001 0.002 0.002 0.037 0.009

a¢ Means with different superscripts within a same column differ significantly (P<0.05).

SEM: Standard error of the means.
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Table 4. Effect of fat source and lecithin on nutrient digestibility and apparent metabolizable energy (AME,) of
experimental diets

Fat source Dry matter (%) Fat (%) Crude protein (%)  AME (Kcal/kg)
Soy oil 67.05 87.55 41.00 3160.7
Tallow 69.41 88.18 41.63 3085.1
Soy oil + Tallow 66.50 84.15 34.53 3065.7

SEM 1.383 1.321 4252 50.33

P-value 0.320 0.107 0.450 0.398

Lecithin
0 67.30 86.17 38.26 3110.7
0.1 68.01 87.07 39.84 3097.0

SEM 1.130 1.078 3471 41.1

P-value 0.664 0.566 0.753 0.817

Treatments

Soy oil
-Lecithin 69.20 89.73 45.86 3198.5
+Lecithin 64.90 85.36 36.13 3123.0

Tallow
-Lecithin 67.50 86.30 39.20 3071.8
+Lecithin 71.33 90.06 44.06 3098.0

Soy oil + Tallow
- Lecithin 65.20 82.50 35.73 3061.8
+ Lecithin 67.80 85.80 39.33 3069.7

SEM 1.957 1.868 6.013 71.187

P-value

Fat source x Lecithin 0.122 0.088 0.283 0.752

Treatment 0.248 0.105 0.498 0.753

SEM: Standard error of the means.

G055 e 0z 0 uid leolaisl a5 wis S
JB 55l 5 e dlge pan ClB (gl g ]
-0 pap Sl ol Soldl Cll oy Sl g g
090 w7 el oSS e wse 4 baye Wly
Sasl o j0 eolatwl 090 pnd mlaw g laad

Sog yo oS Glampl cble gl 5 0> ae
ol ooy 0ols iSO Jaaz jo 135 50

0y 50 bgw cpinad ookl aS” wis S 5,158 - fdoe
Attia ) ols 09 1) 22 a2 Sl 38 w50 slog se
hls ad canl oals 5138 puiren (et al., 2009
Donaldson ) cel Jlg sla 0,2 @i p cuie fl
ools las «pol> axlllae gulis b aslis .(and Ward, 1988
win SollE (s fogine Sl WsTae petend o a3
Danicke et ) cuilas pls BLII 5 ufigp « iz oolo
ol Mandalawi et al. (2015)  yooxes (al, 2000



Gid » Mallinm ax1g) 38055 slag pe 58 oS slam pl calé » e 5 02 @i S1-0 Jgu
Table 5. Effect of fat source and lecithin on liver enzymes’ concentration of laying hens (IU/L)

Fat source Aspartate Alanine Alkaline Lactate
aminotransferase aminotransferase phosphatase dehydrogenase
Soy oil 160.0 15.1 1498.8 340.0
Tallow 171.7 16.3 1475.1 291.8
Soy oil + Tallow 180.0 19.8 1361.7 335.1
SEM 8.77 2.05 63.07 34.21
P-value 0.287 0.267 0.274 0.555
Lecithin
0 186.0* 16.9 1447.2 365.5%
0.1 155.1° 17.3 1443.3 279.1°
SEM 7.16 1.67 51.49 27.93
P-value 0.004 0.952 0.957 0.036
Treatments
Soy oil
- Lecithin 183.2¢ 16.0 1575.8 362.5%
+ Lecithin 136.8° 13.6 1418.8 317.3°
Tallow
-Lecithin 182.0° 15.8 1426.6 348.3
+Lecithin 161.3% 16.8 1523.5 235.3
Soy oil + Tallow
-Lecithin 192.8° 19.0 1324.3 385.7
+Lecithin 167.0% 20.8 1399.2 284.5
SEM 12.40 2.90 89.19 48.38
P-value
Fat sourcexLecithin 0.555 0.784 0.294 0.757
Treatment 0.043 0.696 0.407 0.286

*> Means with different superscripts within a same column differ significantly (P<0.05).

SEM: Standard error of the means.
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Table 6. Effect of fat source and lecithin on blood parameters of laying hens (mg/dL)

Fat source Triglyceride Cholesterol HDL! LDL?
Soy oil 444.2 63.79° 36.82 17.96
Tallow 586.9 75.622 47.29 22.40
Soy oil + Tallow 669.5 80.79* 42.15 21.22

SEM 65.83 3.968 3.696 1.278

P-value 0.065 0.015 0.152 0.059

Lecithin
0 695.6° 79.08* 45.65 22.322
0.1 438.2° 67.72° 38.52 18.73P

SEM 53.75 3.240 3.018 1.043

P-value 0.002 0.019 0.105 0.021

Treatments

Soy oil
-Lecithin 525.2b¢ 71.83% 40.33 20.50%
+Lecithin 363.3¢ 55.75° 33.31 15.42P

Tallow
-Lecithin 666.8% 78.08* 50.25 24.60*
+Lecithin 507.0%¢ 73.16° 4433 20.20%

Soy oil + Tallow
-Lecithin 894.8° 87.332 46.37 21.86%
+Lecithin 444 2b¢ 74.25% 37.93 20.58%

SEM 93.10 5.611 5.228 1.808

P-value

Fat source x Lecithin 0.215 0.593 0.971 0.541

Treatment 0.005 0.015 0.263 0.038

'HDL: High density lipoprotein.

2LDL: Low density lipoprotein.

SEM: Standard error of the means.

a¢ Means with different superscripts within a same column differ significantly (P<0.05).
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