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Introduction: Vitamin Dj is one of the important vitamins in calcium metabolism, which is significantly involved
in the absorption of calcium from the intestine. The main role of 1, 25-hydroxyvitamin D3 in vertebrates is to
regulate calcium homeostasis, as 1, 25-hydroxyvitamin D3 has a direct effect on the gut, kidney, and bones by
inhibiting the production of parathyroid hormone in the parathyroid glands. The synthesis of 1, 25-
dihydroxycholecalciferol is tightly controlled, and the main stimulus for its synthesis is the reduction in plasma
calcium. This is a feedback stimulus for the release of parathyroid hormone from the parathyroid gland. This
hormone in turn stimulates the 1-hydroxylase enzyme complex in the kidney and causes the conversion of 25-
hydroxycholecalciferol through the synthesis of calcium-binding protein in the duodenum, thereby increasing
dietary calcium absorption and ultimately plasma calcium. Another powerful factor in calcium absorption is
organic acids. By lowering the pH of the digestive tract, organic acids (lactic acid) prevent the formation of an
insoluble complex of phytic acid with minerals, making phytate more sensitive to the action of endogenous
phytase and preventing it from interfering with the absorption of minerals. Therefore, the purpose of this research
was to study the effect of vitamin D3 and lactic acid on performance, egg quality, and hatchability in broiler
breeders.

Materials and methods: A total of 240 broiler breeder hens and 24 roosters of Ross 308 strain were used in a
completely randomized design with a 2x2 factorial arrangement including two levels of vitamin D (3500 and 5500
IU) and two levels of organic acid (zero and 500 mg/kg) in four treatments, six replications, and 10 hens and one
rooster per replication. During the experiment, the percentage of hatchability, the number, and weight of eggs
produced by each pen were recorded and using the common formulas of egg mass (as the percentage of laying
multiplied by the average egg weight), the percentage of egg production as chicken-day and the feed conversion
factor (as grams of feed consumed per gram of egg), the amount of feed used to produce each number of eggs and
each piece of chicken, as well as the number of chickens produced per chicken was also calculated. Egg
characteristics (egg weight and shape index) and egg shell quality (egg specific weight, eggshell weight compared
to total egg weight and eggshell thickness), albumen and yolk pH, yolk index, Haugh unit, yolk color, percentage
albumen and yolk percentage of four eggs from each replicate were measured every 28 days. The specific weight
of the eggs was determined using the flotation method. The egg shape index was determined by measuring the
width and length of the egg with a caliper to calculate the ratio of width to length. To determine eggshell
parameters, eggs were identified and broken individually. Eggshells were washed under running water and dried
at 35 °C for 72 hours. Then the eggshells were weighed and their relative weight was calculated. A digital
micrometer (Series 500, Mitoyota, Tokyo, Japan) was used to measure the shell thickness.
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Results and discussion: Results showed that the main effect of vitamin Ds at higher concentrations was affecting
egg weight and reducing egg weight (P<0.05). The main effect of vitamin D3 at higher concentrations caused an
increase in albumen pH, shell percentage, shell thickness, and specific gravity of the egg, and a decrease in yolk
pH (P<0.05). Probably, with the increase in vitamin D3, the concentration of 1,25-cholecalciferol and the amount
of calcium absorption increase, and since most of the shell is related to calcium carbonate, this leads to an increase
in the thickness of the eggshell. The main effect of lactic acid showed a significant effect on performance
parameters, and the addition of lactic acid improved performance (P<0.05). Lactic acid also significantly
increased hatchability and shell thickness and reduced the number of broken eggs (P<0.05). It appears that organic
acids increase the solubility of wheat phytates during germination. Therefore, acidification of the diet provides a
better environment for phytase to reduce the amount of phytate present in digestion and flowing into the small
intestine, thereby largely preventing the formation of insoluble mineral-phytate complexes and increasing the
quality of the eggshell. Also, the main effect of lactic acid showed no significant influence on the internal quality
of the eggs. The low levels of vitamin D3 and the addition of lactic acid improved shell thickness and reduced the
percentage of shell breakage (P<0.05).

Conclusions: In general, according to the results of the present experiment, the use of lactic acid at the rate of
500 mg/kg along with 3500 IU of vitamin D3 can increase the percentage of production, shell thickness, reduce
the number of broken eggs, improve the feed conversion ratio, increase chicken production and reduce feed
consumption per egg and chicken at the end of the production period of broiler breeder hens.
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Table 1. Ingredients and chemical composition of basal diet
Ingredients Formula (%) Nutrients Analysis (%)
Barley 5 AMEn (Kcal/kg) 2800
Corn, grain 60.17 Protein 14
Soybean meal (44%) 17.87 Crude Fiber 2.563
Wheat bran 2.61 Calcium 34
Soybean oilL 2 Total Phosphorus 0.533
Dical. Phos. 1.11 Avail. Phosphorus 0.32
NaHCO3; 0.46 Potassium 0.606
Limestone 3.02 Chlorine 0.18
Oyster shells 5.56 Sodium 0.23
Common salt 0.18 Choline 1.484
Vitamin premix! 0.25 ARG 0.906
Mineral premix? 0.25 LYS 0.825
DL-Methionine 0.18 MET 0.414
L-Lysine HCI 0.14 TSAA 0.667
Choline C1-70% 0.05 THR 1.462
L-Threonin 0.94 TRP 0.183
Inertfiller 0.2 DCAB (meq/kg) 210
Total 100

! Vitamin premix included 12,200 IU vitamin A; 3,500 IU vitamin D3; 21.6 IU vitamin E; 2.9 IU vitamin K3; 3.2 mg vitamin
Bi; 12.6 mg vitamin B2; 5.5 mg vitamin Be; 0.046 mg vitamin Bi2; 20 mg pantothenic acid; 40 mg niacin; 4 mg folic acid;
0.29 mg biotin. 2 Mineral premix included 0.20 mg selenium; 20 mg copper; 50 mg iron; 115 mg manganese; 100 mg zinc;

2 mg iodine.
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Table 2. Main and interaction effects of vitamin D3 and lactic acid on the performance of broiler breeder hens

Item Egg Egg Egg Feed Feed per Feed per
weight mass production  conversion chicken egg
(2 (€)) (%) ratio (2 (2
Vitamin D3 3500 66.54° 49.31 71.57 3.31 256.05 228.30
5500 65.80° 49.35 72.33 3.30 251.91 225.68
P-value 0.002 0.940 0.200 0.787 0.127 0.156
SEM 0.150 0.309 0.404 0.021 1.84 1.25
Lactic acid (LA) 0 65.97 47.95° 70.26° 3.40° 262.24* 232.27*
500 mg 66.37 50.71° 73.64° 3.21° 245.73° 221.70°
P-value 0.074 0.0001 0.002 0.0001 0.0001 0.0001
SEM 0.150 0.309 0.404 0.021 1.84 1.25
Interaction
3500 D3x0 LA 66.48" 47.15¢ 68.90¢ 3.46° 267.05* 236.76
3500 D3x500 LA 66.60° 51.48¢ 74.25% 3.16° 245.05°¢ 219.83¢
5500 D3x 0 LA 65.46° 48.75° 71.63° 3.340 257.42° 227.79°
5500 D3x 500 LA 66.15° 49.95° 73.03% 3.26° 246.40° 223.57%
SEM 0.212 0.437 0.572 0.029 2.60 1.77
P-value 0.198 0.001 0.001 0.002 0.047 0.001

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

SEM: Standard error of the means
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Table 3. Main and interaction effects of vitamin D3 and lactic acid on hatchability and chicken quality in broiler
breeder hens

Treatments Settable Unsettable Hatchability =~ Chicken per Chickens Chicken grading (%)
eggs (%) eggs (%) (%) hen for 12 per Grade 1 Grade 2
weeks hen/week
Vitamin D3 3500 97.31 2.68 91.14 53.65 4.47 92.58 7.42
5500 97.58 241 91.75 54.46 4.54 91.79 8.21
P-value 0.073 0.073 0.192 0.157 0.156 0.674 0.683
SEM 0.100 0.100 0.319 0.393 0.032 1.32 0.993
Lactic acid (LA) 0 97.05° 2.942 90.73° 52.30° 4.36° 90.73 9.27
500 mg 97.84* 2.15° 92.16* 55.80° 4.65° 93.63 6.37
P-value 0.004 0.0001 0.004 0.0001 0.0001 0.137 0.292
SEM 0.100 0.100 0.319 0.393 0.032 1.32 0.993
Interaction
3500 Dsx0 LA 96.60° 3.39° 90.78 51.35¢ 4.28° 90.78 9.13
3500 D3x500 LA 98.02% 1.97¢ 91.50 55.67* 4.64* 91.50 5.71
5500 D3x 0 LA 97.50° 2.49b 90.68 53.27° 4.44b 90.68 9.40
5500 D3x 500 LA 97.66* 2.34b¢ 92.83 55.95a 4.66° 92.83 7.03
SEM 0.142 0.142 0.639 0.556 0.046 1.87 1.98
P-value 0.0002 0.0002 0.129 0.05 0.05 0.783 0.91

#¢Means with different superscripts within a column differ significantly (P<0.05).
SEM: Standard error of the means
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Table 4. Main and interaction effects of vitamin D3 and lactic acid on the internal quality of eggs in broiler
breeder hens

Treatments Albumen  Albumen Haugh Yolk  Yolk Yolk Yolk
(%) pH unit (%) pH index color
Vitamin D3 3500 58.87 6.35° 84.15 3290 3.92° 22.44 7.75
5500 58.95 6.45* 85.27 3252 3.84° 22.56 7.70
SEM 0.310 0.035 .79 0299 0.027 0.199  0.106
P-value 0.850 0.045 0.510 0377 0.045 0.677  0.784
Lactic acid (LA) 0 58.90 6.38 8527 3279 3.86 22.33 7.75
500 mg 58.91 6.42 84.15 32.63 390 22.66 7.70
SEM 0.310 0.035 .79  0.299 0.027 0.199  0.106
P-value 0.986 0.420 0.510 0.719 0.403 0.264  0.784
Ineraction
3500 D;x0 LA 58.93 6.33 84.44 33.08 3091 22.34 7.66
3500 D3x500 LA 58.80 6.36 83.87 3272 393 22.54 7.83
5500 D3x 0 LA 58.88 6.43 86.11 3249 3.8l 22.33 7.83
5500 D3x 500 LA 59.02 6.48 84.44 3254 386 22.78 7.58
SEM 0.439 0.050 1.66 0.423  0.039 0.285 0.150
P-value 0.760 0.871 0.747 0.635 0.674 0.656  0.180

a¢ Means with different superscripts within a column differ significantly (P<0.05).
SEM: Standard error of the means
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Table 5. Main and interaction effects of vitamin D3 and lactic acid on egg shell quality in broiler breeder hens

Item Eggshell (%) Eggshell thickness Egg specific Egg shape
(mm) gravity (g/cm®) index
Vitamin D3 3500 8.22° 0.41° 1.074° 75.80
5500 8.52° 0.43* 1.079° 75.96
SEM 0.319 4.105 0.410 222
P-value 0.041 0.010 0.006 0.804
Lactic acid (LA) 0 8.30 0.40° 1.076 76.06
500 mg 8.44 0.44* 1.077 75.70
SEM 0.097 0.003 0.001 0.435
P-value 0.311 0.0001 0.288 0.571
Interaction
3500 D3x0 LA 7.97° 0.38¢ 1.073% 75.96
3500 D3x500 LA 8.46° 0.45° 1.075% 75.64
5500 D3x 0 LA 8.62% 0.43° 1.078* 76.15
5500 D3x 500 LA 8.42° 0.43° 1.079° 75.76
SEM 0.137 0.005 0.001 0.615
P-value 0.021 0.0001 0.534 0.956

*¢ Means with different superscripts within a column differ significantly (P<0.05).
SEM: Standard error of the means
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