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ABSTRACT: The present study was designed to study the direct influence of 

supplementing of layers diet at late phase of egg production and housed in cages with high 

levels of vitamin K3 on productive performance, eggshell parameters, tibia bone 

composition and histological observation, hatching traits and some blood parameters. One 

hundred and fifty Mandarah chicken females with thirty males were individually housed in 

cages from 55 up to 67 weeks of age. The birds were randomly divided into 5 groups 

representing the dietary supplementation. The birds of the first group was served as control 

(T1) without any supplementation and fed diet contains 3 mg menadion (K3) / kg diet . The 

rest 4 groups were supplemented with menadion as additional doses of vitamin K3  source  

to be 7, 11,15 and 19mg menadion / kg diet for T2, T3, T4 and T5 groups respectively. 

Obtained results revealed that hens of T3, T4 and T5 groups represented significantly (P≤ 

0.05) produced larger eggs , besides all supplemented groups represented highest (P≤ 0.05) 

egg mass and egg production% compared to those for control group (T1).Also,  highest 

values of shell thickness (mm) and Ca% in eggshell were detected for eggs of T3 and T4 

groups compared to the rest groups. Moreover, the best improvement of tibia measurements 

(length , width and breaking strength) and composition (weight, ash%,Ca% and P%) were 

recorded for hens T3 and T4 groups. Eggs produced from all supplemented groups 

represented significant increase of fertility and hatchability of fertile egg percentages 

compared to those for control one. Birds of the T3 groups recorded the highest values of the 

serum osteocalcin and plasma Ca, ICa, P and alkaline phosphatase. Histological 

observations of tibia bone for birds of T3, T4 and T5 groups illustrate the increase of 

medullary bone, thick outer cortical layer and osteoblasts cell activity. In conclusion, 

supplementing the layer diet at late phase of production and housed in cages with either 11 

or 15 mg vitamin K3 / kg diet could be a promising tool for realizing the best improvement 

of egg production, shell and bone quality and hatchability%. 
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INTRODUCTION 

    Vitamin K is fat soluble vitamin and 

available in natural and synthetic forms 

{K3 (menadion)}, also vitamin K is 

important vitamin that prevents internal 

bleeding, biliary obstruction, bone 

metabolism, nerve signaling and kidney 

stone  Monegue  (2013). Rapid bone 

turnover and extensive calcium 

mobilization from bones for eggshell 

formation, bone fractures and osteoporosis 

in laying hens during the egg production 

are a concern in the poultry industry ( Kim 

et al., 2007). In poultry, a condition 

involving bone loss as characteristic of 

osteoporosis was first described in caged 

laying hens by Couch (1955) who reported 

a problem termed cage layer fatigue bone 

brittleness, paralysis and death. Also, 

Knowles and Wilkins (1998) demonstrated 

that end of laying period of hens from 

battery cages have especially fragile bones 

and break easily. Osteoporosis in laying 

hens is defined as a decrease in the amount 

of fully mineralized structural bone leading 

to increased fragility and susceptibility to 

fracture (Whitehead and Fleming, 2000). 

By the end of the first production period, 

the earliest signals of loss structural bone, 

elevation of bone re-absorption, decline of 

bone mineralization and progressive fall in 

the blood estrogen levels prevents the 

formation of medullar bone (Rennie et al., 

1997).            

    Some researches had been dedicated on 

right Ca source and the right granule size 

for improving Ca solubility and absorption 

for chicken but increasing Ca in the feed to 

minimize shell and bone  problems had no 

desirable effect because the feed is 

consumed within 2 hours and the absorbed 

Ca is not retained in the bones but  directly 

excreted (Laet, 2017). Also, Fisher (1983) 

reported that high levels of Ca depress feed 

intake and egg production. So, currently, 

there is some evidence that vitamin K 

affects the Ca balance ( Fernandes et al., 

2009). The predominant function of 

vitamin K is carboxylation reaction which 

affects bone metabolism and blood clotting 

(Hauschka and Reid, 1978). Many 

researches showed the positive role of 

vitamin K on bone quality and osteoporosis 

of  elderly women (Booth et al., 2000 and 

Olson, 2000).Limited information is 

available on the aged layers but  Fernandes 

et al. (2009) detected that positive linear 

effects of supplementation vitamin K to the 

diet on egg production, feed conversion and 

bone mineralization.   

    This experiment was undertaken on 

Mandarah chickens at late phase of egg 

production and housed in cages with 

different purposes of improving eggshell 

quality, productive and reproductive 

performance and bone quality focusing on 

controlling osteoporosis through 

supplementing the diet of with high levels 

of vitamin K3.  

MATERIALS AND METHODS 

Experimental design: 

     The present study was performed at EL- 

Sabahia Poultry Research Station, Animal 

Production Research Institute, Agriculture 

Research Center. One hundred and fifty 

females with thirty males of Mandarah 

chicken strain were housed individually in 

galvanized cages from 55 up to 67 weeks 

of age. The birds were randomly divided 

into five groups representing the dietary 

supplementations with 3 replicates for each 

group. The birds of the first group was 
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served as control (T1) without any 

supplementation and fed diet contains 3 mg 

menadion / kg diet . The rest 4 groups were 

supplemented with menadion as additional 

doses of vitamin K3   source  to be 7, 11,15 

and 19mg menadion (K3) / kg diet for T2, 

T3, T4 and T5 groups respectively. The 

ingredient profile and nutrient composition 

of the basal diet are shown in Table 1 

according to the feed composition for 

animal and poultry feed stuff in Egypt 

(2001). Birds were subjected to 16 hrs light 

and 8 hrs dark during the experimental 

period. Feed and water were provided ad- 

libitium.  

Measurements:- 

     Feed consumption by (g) was detected 

for each hen every week for each treatment 

then calculated during the whole 

experimental laying period for all groups. 

Feed conversion ratio was calculated as 

amount of consumed feed (g/hen/period) 

required for producing a unit (g) of egg 

mass. At the end of experimental laying 

period, egg weight (g), egg production % 

and egg mass/ hen/ period were detected. 

Five fresh eggs from each replicate were 

randomly chosen at the end of experiment 

to estimate eggshell weight % and shell 

thickness without membranes by 

micrometer nearest 0.01mm. The quantities 

of crude ash of eggshells were determined 

by burning for one night in ashes oven and 

these ash were analyzed for calcium (Ca%) 

and phosphorus (P%) detection using 

atomic absorption.  

    At 67 weeks of age, 3 hens from each 

replicate were randomly chosen and 

sacrificed. Tibia bones of both sides were 

removed, cleaned from all soft tissues and 

weighed. Tibia length and width were 

detected using micrometer according to the 

method of Samejima (1990). Right tibia 

was used for breaking strength evaluation 

(Newton) in the laboratory of mechanical 

properties and test materials, Faculty of 

Engineering, Ain-Shams University 

according the method of Park et al.(2003). 

The tibia was oven dried at 105 C until 

constant weight and the quantities of crude 

ashes were detected according to Yi et al.( 

1996) then dissolved, filtered and  calcium 

and  phosphorus percentages were assayed 

by atomic absorption.. Left tibia was taken 

for histological observation in the 

Laboratory of Poultry Physiology, Faculty 

of Veterinary Medicine, Kafr  EL- Shikh 

University.  

      Blood samples were taken from the 

same previous slaughtered hens . A portion 

of the fresh blood was used immediately 

for determining clotting time (second ) 

beside measure serum osteocalcin protein 

(OC) (ng/ml) according to method of Jiang 

et al. (2013 b), estrogen hormone (E, 

Pg/ml) and parathyroid hormone (PTH,  

Pg/ml). In addition to, other portions' of 

blood were collected in heparinized tube 

for measuring alkaline phosphatase (ALP, 

I.u/L), calcium (Ca, mg/dl), ionized 

calcium (ICa, mg/dl) and phosphorus (P, 

mg/dl) by available commercial bio-

diagnostic kits, Egypt.  

     At 58-wk of age, hens were inseminated 

twice a week with diluted semen (1:1) from 

cooks that received the same treated diets. 

One thousand hatching eggs produced from 

Mandarah hens representing the 5 

experimental groups were incubated in 

Egyptian made incubator at 99.5 F and 

55% RH during setting phase of incubation, 

egg trays were randomly distributed in the 
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incubator. At 18th day of incubation, the 

eggs were candled and macroscopic 

fertility was calculated as the apparent 

percentage of fertile eggs from total setting 

eggs (Rizk et al., 2008). Also eggs with 

evidence of living embryos were 

transferred to hatcher and incubated at 99 F 

and 70%RH. Hatchability of fertile eggs% 

was determined. Eggs that failed to hatch at 

the end of incubation and having full 

opportunity for hatching were broken out 

and then examined with naked eye to 

estimate embryonic mortalities % during 

intervals 1-7, 8-14 and 15-21 days of 

incubation. Body weights (g) for all 

hatched chicks at the time of removal from 

the hatcher were recorded and termed as 

chick weight at pull out.  

Statistical analysis: 

      Data obtained were statistically 

analyzed using General Linear Models 

(GLM) of SAS (2004). The significant 

differences among treatment means were 

tested according to Duncan (1955).  

The flowing model was used 

Yijk= µ+Li+ eijk  

Yijk= observed traits 

µ= the overall mean 

Li= vitamin K3 effect (1,2,3,4,5)   

eijk= random error. 

RESULTS AND DISCUSSION 

Productive performance: 

    Results of productive performance for 

Mandarah hens throughout the three 

experimental months representing the late 

phase of egg production as affected by 

vitamin K3 supplementation are shown in 

Table 2. Egg produced from birds of T3, 

T4 and T5 groups represented significant 

increase (P≤ 0.05) of egg weight compared 

to those for control group (T1). Moreover, 

all supplemented groups with vitamin K3 

recorded the highest (P≤ 0.05) egg mass 

and egg production% compared to control 

with maximum records (P≤ 0.05) for T3and 

T4 groups. In addition to, hens of T2, T3 

and T4 groups significantly consumed less 

amount of feed compared to those for T5 

and control groups. Furthermore, 

supplemented the diet with all vitamin K3 

levels significantly ((P≤ 0.05) improved 

feed conversion ratio with better (P≤ 0.05) 

values for T3andT4 groups compared to 

control one. 

    The current results regarding the positive 

response of egg production% and feed 

conversion with vitamin K3 

supplementation are in harmony with that 

reported by Fernandes et al. (2009) who 

pointed out that there are positive linear 

effects of vitamin K on egg production and 

feed conversion. Regarding egg weight, the 

same previous authors found contradicted 

results as vitamin K supplemented diet 

affected egg weight in decreasing form. 

    The significant improvement of feed 

conversion for all supplemented groups 

with vitamin K3 could be related to the role 

of vitamin K on digestive enzymes as 

Thijssen and Drittij-Reijnders (1994) stated 

that the high presence of the vitamin K on 

the pancreas suggests a role in activating 

digestive enzymes. 

Eggshell parameters: 

     Data of Table  3  display the effect of 

dietary vitamin K3 on  some  egg shell 

parameters. It can be observed from data of 

this table that all supplemented levels of 

vitamin K3 significantly increased eggshell 

weight % ,shell thickness (mm), Ca% and 

P% compared to that for control group. 

Moreover, supplementing the diet with 
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11mg K3 /Kg diet (T3) represented the 

highest values of egg shell weight 

percentage compared to other groups. 

Furthermore, highest values of thickness 

and Ca% in the eggshell were detected for 

eggs of T3 and T4 groups compared to the 

rest groups. The detected results could be 

due to vitamin K3 supplementation 

.Contradicted results were documented by 

Fernandes et al.(2009) who showed that 

vitamin K did not influence shell yield% 

and  shell thickness. These differences in 

the  results could be due to using different 

concentrations of vitamin K in both 

researches. 

     The  increased values of shell weight 

and shell thickness for eggs of T2, T3, T4 

andT5 groups could be related to the 

increase of Ca% compared to control. This 

conclusion is keeping with those reported 

by Juliet (2004) who showed that the egg 

shell quality may be affected by age of hen, 

breeding in cage, Ca, P, vitamins and 

inorganic protein of the egg shell. Also, 

Mona et al. (2016) mentioned that increase 

of eggshell Ca% could be the reason of the 

increase of egg shell thickness. Moreover, 

Laet (2017) reported that quality of shell is 

also determined by the quantity of Ca in the 

shell.  In addition, the significant increase 

of shell weight% and shell thickness for 

eggs of the treated groups (T3,T4 andT5) 

could be related to the proven increase of 

egg weight ( Table 2 ) and this conclusion 

is previously documented by Rizk et al.( 

2008 ). 

Tibia bone measurements and 

composition: 

        Data of tibia measurements and 

composition as affected by vitamin K3 

supplementation are summarized in Table 

4. As can be noted from these data that 

supplementation all levels of vitamin K3 

significantly (P≤ 0.05) improved tibia 

measurements (length, width breaking 

strength) and composition (weight, 

ash%,Ca% and P%) compared with control 

group. Moreover, the best improvements of 

all tibia measurements and composition 

were recorded for hens fed both 

concentrations of vitamin K3 in T3 and T4 

groups. 

     The previous results are generally in 

harmony with the previous research 

reported by Fleming et al. (1998) who 

found that significant reductions in bone 

losses were observed near the end of the 

laying period supplemented with high 

vitamin K levels. Also, Fernandes et al. 

(2009) indicated that the supplementation 

of 17.5 mg/Kg diet of vitamin K was 

required to achieve good bone 

mineralization. Moreover, Booth et al. 

(2000) and Duggan et al. (2004) observed 

that an insufficient vitamin K intake which 

caused decrease of carboxylated 

osteocalcin protein and this related to 

increase incidence of hip fracture of elderly 

woman. 

     The increase of tibia Ca% and P% for 

hens fed diet supplemented with vitamin K3 

could be the reason of increasing bone 

ash% and breaking strength. Different 

researches were published to support this 

notion as Rath et al. (2000) showed that the 

mineral matrix is predominantly Ca and P 

in from of hydroxyapatite which constitutes 

60 to 70% of bone weight and provides 

stiffness and compressional strength to the 

bone. Also, Moreki  (2005) mentioned that 

Ca plays an important role in bone 

formation and development. In addition to 
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Fernandes et al. (2009) suggested that 

vitamin K increase non collagenous 

proteins like osteocalcin in bone and 

contributed to bone calcification. 

    The detected improving of bone quality 

due to vitamin K3 supplementation as 

shown in Table (4) could be a major factor 

for improving egg shell quality (Table  3 ) 

and this outcome is in harmony with the 

conclusion of Miller (1992) who reported 

that bone is intriguing in laying hens 

because of the phenomenal demands for Ca 

in eggshell formation.       

Hatching traits: 

    As can be seen from data of Table 5 that 

macroscopic fertility and hatchability of 

fertile egg percentages were significantly 

higher for all supplemented groups 

compared to those for control one. With 

respect to embryonic mortality, T3 and T4 

groups had the lowest records during 1-7 

days of incubation, while no significant 

differences were observed in embryonic 

mortality among all groups during 8-14 

days of incubation. Moreover, all 

supplementation levels of vitamin K 

significantly (P≤ 0.05) decreased 

embryonic mortalities during 15-21days of 

incubation. Aged layers of T3, T4 and T5 

groups produced largest (P≤ 0.05) weight 

of chick at pull out compared to those for 

T2 and control groups. 

    As previously indicated there is little 

collaborative data on the direct response of 

fertility and hatching traits to vitamin K3 

supplementation. Eibhlís et al.(2017) found 

that vitamin K  has important role on 

human fertility and osteocalcin is thought 

to up-regulate the synthesis of the enzymes 

needed for the biosynthesis of testosterone 

thereby increasing male fertility. 

    The increase of hatchability percentage 

of vitamin K3 supplemented groups was 

mainly due to diminishing the number of 

embryonic death. Also, the combined 

results of increasing hatchability % and 

decreasing embryonic mortality due to 

vitamin K3 supplementation could be 

related with improvement egg shell 

measurements as detected in Table (3 ). 

This explanation is keeping with previous 

report by Rizk et al. (2008) who stated that 

hatchability % could be affected by egg 

shell thickness. Also, Sergyva (1986) 

observed that an increase in shell thickness 

of one micrometer led to an increase in 

hatchability of about 2%. Furthermore, 

Wesam et al. (2017) showed that eggs with 

less shell thickness had higher egg weight 

loss, pore numbers and eggshell 

conductance leading to decrease 

hatchability % due to hypocapnia condition 

and consequently decrease of T3 and 

corticosterone hormones level. Also, 

Nakagawa et al.(2014) discovered that an 

enzyme called UBIAD1, which is involved 

in vitamin K2 synthesis, is required for 

development of mouse embryos and when 

they deleted both copies of the gene coding 

for UBIAD1 mice embryos died in less 

than 8 days after ceasing to grow, and as 

expected, produced no vitamin K2. 

Strikingly, when the mothers of these 

mutant mice were administered vitamin 

K2, the embryos lifespan was extended to 

term. Baldoceda-Baldeon et al.(2014) 

found that vitamin K2 supplementation 

significantly improved embryo production 

in cows and this may be due to the role of 

vitamin K2 in mitochondria function, which 

converts sugars into energy for the cells to 

use and it  helps regulate menstrual cycle.  
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     It seems that chick weight increase for 

groups of vitamin K3 supplementation 

could be due to the increase of egg weight 

(Table 2) for the same groups and this 

notion are confirms by Rizk et al. (2006) 

and Celen et al. (2009) who mentioned that 

there is a positive linear correlation 

between egg weight and hatched chick 

weight.  

Blood  parameters: 

    Data of Table  6  show the effect of 

dietary supplementation of vitamin K3 on 

clotting time, serum OC , E and PTH 

hormones, besides plasma Ca, ICa, P and 

AP for  aged Mandarah hens. All 

supplemented groups vitamin K3 had 

numerical decreased of clotting time 

compared to those for control one. Also 

supplemented groups with all levels of 

vitamin K3 represented significant (P≤ 

0.05) increase of serum OC and plasma Ca, 

ICa, P and AP compared to control. 

Besides, birds of the T3 groups (11 mg 

vitamin K3/ kg diet) showed the highest 

values of the previous mentioned 

parameters. Opposite trend was observed as 

serum PTH level was increased (P≤ 0.05) 

for control group compared to other 

supplemented groups. While all 

supplemented groups with vitamin K3 had 

numerical increased of E hormone 

compared to those for control.   

     However, there is little actual data 

published concerning the effect of vitamin 

K3 on the mentioned blood parameters for 

layer chickens. Aforementioned results are 

in harmony with the results of Knapen et al. 

(1989) who showed that, vitamin K 

induced increased of serum OC 

concentration in the postmenopausal 

women. Also, Zhang et al. (2003) found 

that, serum OC increased linear (P≤ 0.05) 

with increasing supplementation of vitamin 

K to broiler diet. Caroline et al. (2015) 

showed that the concentration of AP had a 

quadratic effect with increasing the level of 

vitamin K, whereas the same pervious 

author found no significant differences in 

Ca and AP levels by vitamin K 

supplementation to diet. 

      Taken together improvement of 

eggshell (Table 3 ) plus  measurements and 

composition of tibia bone (Table 4 ) for 

Mandarah hens at late phase of production  

could be correlated with the increase of 

serum increase of OC and plasma Ca, P, 

ICa and AP due to vitamin K3 

supplementation. Fleming et al. (2006) 

reported that, the progressive loss of 

structural bone during the laying period 

weakness the skeleton and increase the risk 

of fracturing bone, characteristic of 

osteoporosis. Also, osteocalcin dosage in 

the blood is an important marker of bone 

formation, bone remodeling and the 

development of osteoporosis (Dores et al., 

2001). Moreover, bone contains small 

protein osteocalcin rich in amino acid ɤ 

carboxyglutamate which is dependent on 

vitamin K for its synthesis (Hauschka and 

Reid, 1978). Also, the same authors added 

that, vitamin K is involved in bone 

metabolism via carboxylation reaction in 

which glutamic acid residues (GLA) 

transform the g – carboxyglutamic acid (γ 

GLA) in blood and bone resulting in γ 

GLA residues facilitate binding Ca+2 (ICa) 

to the OC protein. Furthermore Fernandes 

et al. (2009) pointed out that, low level of 

vitamin K induces the synthesis of non- 

carboxyled OC that presents poor affinity 

for hydroxyapatite leading to a deficient 
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bone mineralization. Moreover, Jiang et al. 

(2013a) detected that, serum OC had 

positive relationship with bone density and 

tibia bone strength. 

     Regarding Ca and P and their relations 

with vitamin K Moreki (2005) detected that 

special relationship between Ca and P in 

bone and eggshell formation and the most 

of Ca is used for shell formation, also they 

mentioned that, ICa increases bone strength 

and bounded to OC protein molecules. 

Furthermore, Jiang et al. (2010) stated that, 

better eggshell quality and breaking 

strength could be due to the higher blood 

Ca.  

     In addition, AP is a sign of mature 

osteoblasts and osteoblasts secrete large 

amounts of AP in the blood indicating 

active inorganic P deposit in bone matrix, 

therefore the greater AP activity is good 

indicator of bone formation and 

metabolism (Li et al., 2014). 

    The current results of Ca and ICa 

increase in the blood and PTH decrease due 

to increasing of vitamin K3 in the diet are 

indirectly documented by Moreki (2005) 

who showed that, the level of Ca and ICa in 

the blood are getting low, which secretes 

extra PTH to induce the kidney to produced 

more 1.25-(OH) 2 D3 and in turn losses 

more Ca from skeleton. 

     Also, the end result of lower estrogen 

hormone, OC increase combining with the 

PTH diminish due to vitamin K3 

supplementation in our results could be 

interpreted on the light of the results of 

Khosla et al. (1997) who observed that E 

deficiency may be responsible not only for 

the increase in bone turnover in early 

postmenopausal woman but also indirectly 

for hyperparathyroidism.  Moreover, 

Hansen et al.(2003) observed that dramatic 

decrease in E in hens at 70-wk of age, 

besides the changes in egg production, shell 

and bone quality are attributed to changing 

hormone profiles (like E hormone), 

decreased sensitivity of  tissues to hormone 

action, diminish ability of the hen to 

transport Ca at the duodenum. Moreover, 

Beck and Hansen (2004) added that E 

deficiency induces osteoclastic resorption.  

   In conclusion, vitamin K3 boosts the 

carboxylation of OC and this protein have a 

higher affinity for Ca which could be 

incorporated into the improvement 

happened for bone and eggshell quality.                             

Histological observation of tibia bone: 

       Figure   1   illustrates cross sections 

showing the effect of dietary vitamin K3 on 

tibia bone. Sections of tibia bone of control 

group showed marked thinning outer 

cortical layer, marked loss of medullary 

bone, incidence of osteoporosis and 

decreased of osteoblasts activity. While, 

pictures of tibia bone for birds of T3, T4 

and T5groups illustrate that dense and 

increased of medullary bone, thick outer 

cortical layer and increased of osteoblasts 

activity. Whereas, T2 showed moderate 

increase of medullary bone and osteoblasts  

activity. All sections of tibia bone for all 

vitamin K groups did not show any 

incidence of osteoporosis. 

        Limited information is available on 

the direct histological observation of tibia 

bone as influenced by vitamin K 

supplementation to layers diet. Knapen et 

al. (1989)  detected that vitamin K is one 

factor that may play important role in 

decreased osteoporosis in postmenopausal 

women. Also, Iwamoto et al. (2011) found 

that administration of  vitamin K2 to rats 
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increases  bone remodeling with increasing 

of periosteal and endocortical bone 

formation. Also, Zhang et al. (2016) 

demonstrated that vitamin K2 yielded 

beneficial effect for subchondral bone 

trabecula of femoral head in rats.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CONCLUSION 

    Data presented herein regarding the real 

requirements of Mandarah birds  as 

example of local breed at late stage of egg 

production and housed in cages proved that 

supplementing the diet with high levels of 

vitamin K3 either at 11 or 15 mg/ kg diet 

could play a vital role for improving 

productive performance, shell and bone 

quality, hatching traits besides controlling 

osteoporosis disease as a sign of metabolic 

bone disorder. 
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Table (1): Composition and analysis of the basal experimental layer diet  

Ingredients kg/Ton 

Yellow corn (8.2 % CP) 663.30 

Soybean meal (48% CP) 242.0 

Limestone 75.00 

Dicalcium phosphate 13.20 

Vit+Min Premix1 2.50 

Sodium chloride (NaCl) 2.50 

DL-Methionine 1.50 

Total  1000.00 

Calculated analysis 

ME, Kcal/Kg 2777 

CP, % 17.06 

Ether extract , % 2.90 

Crude fiber, % 4.10 

Methionine, % 3.91 

Meth.+Cys.(TSAA) % 0.67 

Lysine, % 0.80 

Calcium, % 3.10 

Av.Phos,% 0.42 

Chemical analysis (AOAC,2000) 

Dry matter, % 90.73 

Crude protein, % 16.97 

Ether extract , % 2.45 

Crude fiber, % 3.96 

Ash, % 6.37 

Nitrogen free extract, (NFE) % 60.98 
Vit+Min mixture provides per Kilogram of diet: Vit. A, 1200 IU; Vit. E, 10 IU; menadione, 3 mg; 

Vit. D3, 2200 ICU; riboflavin, 10mg; Ca pantothenate, 10mg; nicotinic acid, 20 mg; Choline 

chloride, 500mg, Vit. B12, 0.01mg; Vit.B6, 1.5mg; Vit.B1, 2.2mg; Folic acid, 1mg; Biotin, 0.05mg. 

Trace mineral (milligrams per kilogram of diet) Mn.55; Zn. 50; Fe. 30; Cu. 10; Se. 0.10; Anti 

oxidant. 3mg.  
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Table (2) :Effect of dietary vitamin K 3 on some productive performance of Mandarah hens during the late phase of egg 

production  (Means ±SE) 

a,b,c and d means having different letters in the same row are significantly different (P≤0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

Items 
Vitamin K3 (mg/Kg diet) 

T1 (control,3mg) T2  (7mg) T3 (11mg) T4 (15mg) T5 (19mg) 

Egg weight (g) 53.14 ± 0.30d 53.51 ± 0.18cd 54.96 ± 0.24a 54.16 ± 0.20bc 54.24 ± 0.25b 

Egg mass 

(g/hen/period) 
640.43 ± 17.56c 728.39 ± 11.36b 901.18 ± 17.64a 896.38 ± 21.08a 752.21 ± 10.24b 

Egg production (%) 42.94 ± 0.98c 48.63 ± 0.66b 58.28 ± 0.92a 58.99 ± 1.14a 49.47 ± 0.51b 

Feed consumption 

(g/hen/period) 
3651.04 ± 26.99a 3501.84 ± 35.89b 3368.87 ± 29.02c 3496.26 ± 23.58b 3605.85 ± 19.33a 

Feed conversion ratio 

(g feed/ g egg mass) 6.11 ± 0.17a 4.96 ± 0.08b 3.83 ± 0.06c 4.09 ± 0.09c 4.85 ± 0.05b 
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Table (3): Effect of dietary vitamin K3 on some eggshell parameters of Mandarah hens during the late phase of egg production 

(Means ±SE) 

 

Items 
Vitamin K3 (mg/Kg diet) 

T1( control ,3mg) T2  (7mg) T3 (11mg) T4 (15mg) T5 (19mg) 

Egg shell weight (%) 10.79 ± 0.12b 11.62 ± 0.28a 11.69 ± 0.29a 11.56 ± 0.29a 11.48 ± 0.13a 

Shell thickness  without 

membranes (mm) 
0.294 ± 0.35d 0.320 ± 0.29c 0.332± 0.50b 0.344 ± 0.28a 0.320 ± 0.41c 

Calcium %   (Ca%) 30.00 ± 0.28c 38.10 ± 0.28b 39.20 ± 0.28ab 39.00 ± 0.28ab 38.11 ±0.28b 

Phosphorus%  (P%) 0.105±0.01c 0.130±0.14b 0.148±0.01a 0.139±0.01b 0.139±0.01b 
a,b,c and d means having different letters in the same row are significantly different (P≤0.05). 

 

Table (4):Effect of dietary vitamin K 3 on tibia bone measurements and composition of Mandarah hens during the late phase of 

egg production (Means ±SE)  

 

Items 
Vitamin K3 (mg/Kg diet) 

T1 ( control,3mg) T2  (7mg) T3 (11mg) T4 (15mg) T5 (19mg) 

Tibia bone measurements 

Tibia length (mm) 120.1 ± 0.28d 130.00 ± 0.28c 135.10 ± 0.28a 135.30±0.17a 132.00±0.28b 

Tibia width (cm) 0.63 ± 0.001d 0.77 ± 0.001c 0.81 ± 0.001a 0.80 ±0.001a 0.79 ±0.001b 

Breaking 

strength(N) 
252.11±0.02e 264.70 ± 0.02c 321.60±0.02a 301.70±0.02b 260.80±0.02d 

Tibia bone composition 

weight (g) 12.50±0.002e 13.57±0.001d 15.20±0.002b 15.50±0.002a 13.73±0.002c 

Ash (%) 44.80±0.02c 54.70±0.02b 56.21±0.02a 56.10±0.02a 55.00±0.02ab 

Calcium  %  (Ca%) 19.50±0.02b 24.20±0.02a 25.00±0.28a 24.80±0.02a 24.00±0.28a 

Phosphorus % (P%) 8.16±0.01e 10.05±0.01d 10.64±0.03a 10.30±0.02b 10.12±0.03c 
a,b,c,d, and e means having different letters in the same row are significantly different (P≤0.05).
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Table (5)  : Effect of dietary vitamin K 3 on hatching traits of Mandarah hens during the late phase of egg production (Means 

±SE) 

 

Items 

Vitamin K3 (mg/Kg diet) 

T1 (control,3mg) T2  (7mg) T3 (11mg) T4 (15mg) T5 (19mg) 

Embryonic mortality % 

1-7 day 
 

4.03 ± 0.46a 

 

4.29 ± 0.03a 

 

2.59 ± 0.87b 

 

2.02 ± 0.64b 
3.18 ± 1.04ab 

8-14 day 2.58 ± 0.93 1.45 ± 0.91 1.96 ± 1.23 2.32 ± 0.74 1.66 ± 1.05 

15-21 day 6.49 ± 0.44a 4.29 ± 0.03b 4.55 ± 0.52b 3.30 ± 0.17c 3.00 ± 0.96c 

Fertility% 93.49±0.03c 96.72±0.03b 97.38±0.03a 97.96±0.03a 96.80±0.03b 

Hatchability of fertile 

eggs % 
80.39 ± 1.30c 85.69 ± 0.66b 88.28 ± 0.64a 90.33 ± 0.61a 88.96 ±0.24a 

Chick weight at pull 

out (g) 
35.82 ± 0.19b 36.36 ± 0.46b 37.32 ± 0.33a 38.22 ± 0.24a 37.46 ± 0.41a 

a,b,c, and d means having different letters in the same row are significantly different (P≤0.05). 
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Table (6) : Effect of dietary vitamin K 3 on some blood parameters of Mandarah hens during the late phase of egg production 

(Means ±SE) 

 

Items 
Vitamin K3 (mg/Kg diet) 

T1(control,3mg) T2  (7mg) T3 (11mg) T4 (15mg) T5 (19mg) 

Clotting time (second) 12.09±0.03 12.03±0.02 11.96±0.03 11.93±0.01 11.91±0.02 

Osteocalcin protein (OC) ng/ml 3.70 ± 0.02d 6.51 ± 0.02c 7.2 ± 0.02a 6.91 ± 0.02b 6.82 ± 0.02b 

Calcium (Ca) mg/dl 16.81 ± 0.03d 18.70 ± 0.02c 22.21 ± 0.02a 21.76 ± 0.84b 18.55 ± 0.02c 

Ionized calcium(ICa ) mg/dl 3.26 ± 0.01c 5.80 ± 0.03b 6.17 ± 0.01a 6.15 ± 0.01a 5.91 ± 0.02b 

Phosphorus  (P) mg/dl 5.90 ±0.03c 6.48 ±0.04a 7.45 ±0.01a 7.38 ± 0.01ab 6.84 ±0.01b 

Alkalin phosphatase (AP) I.U./L 24.5 ± 0.02d 35.20 ± 0.02c 38.03 ± 0.02a 38.00 ± 0.02a 36.40 ± 0.02b 

Estrogen hormone(E) pg/ml 397.20 ± 0.28 400.00 ± 0.28 402.02 ± 0.28 399.72 ± 0.16 399.63 ± 0.44 

Parathyroid hormone (PTH) pg/ml 23.20 ± 0.02a 18.31 ± 0.01b 15.70 ± 0.02d 16.80 ± 0.02c 16.70 ± 0.02c 
a,b,c and d means having different letters in the same row are significantly different (P≤0.05). 
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Figure(1): Photomicrographs for cross-sections of hen's tibia during the late phase of egg 

production as affected by vitamin K3 supplementation 

 
A (  magnification, 200  )                    Control (T1)                             B ( magnification, 100)   

 

 

 

 
A                                            T2 ( 7 mg vitamin k3 /kg diet)                            B 

  
A                                            T3 ( 11 g vitamin k3 /kg diet)                                B 

 

 

 

 
A                                            T4 ( 15 mg vitamin k3 /kg diet)                                  B 

 

 

 

 
A                                            T5 ( 19 mg vitamin k3 /kg diet)                                B 

  
O:osteoporosis,     M: medullary bone ,             cortical  and   :  osteoblasts 



Wesam A. Fares et al. 

863 

REFERENCE 

Beck,M.M.; and Hansen, K.K.,2004.Role 

of estrogen in avian osteoporosis.Poult. 

Sci., 83:200–206. 

Baldoceda-Baldeon, L.M.;  Gagne´ ,D.;  

Vigneault,C.; Blondin,P.; and 

Robert,C., 2014. Improvement of 

bovine in vitro embryo production by 

vitamin K₂. Reproduction , 148: 489-

97.  

Booth, S.L.; Tucker, K.L.; Chen, H.; 

Hannan, M.T.; Gagnon, D.R.; 

Cupples, L.A.; Wilson, P.W.; 

Ordovas, J.; Schaefer, E.J.; Dawson-

Hughes, B.; and Kiel, D.P. ,2000. 
Dietary vitamin K intakes are associated 

with hip fracture but not with bone 

mineral density in elderly men and 

women. Am. J. Clin. Nutr., 71:1201-

1208. 

Caroline,E. Stanquevis: Furlan, A.C.; 

Marcato, V.Z.; Grieser, D.O.; Perine, 

T.P.; Finco, E.M.; and Euzebio, T.C. 

2015. Vitamin K supplementation for 

meat quail in growth of 1 to 14 days old. 

Semina: Ciencias Agrarias , Londrina, 

36: 4003-4012. 

Celen, M.F.;Yildirim,I.;Parlat,S.; and 

Alkis, E., 2009. The effect of broiler 

breeder age and extra oxygen addition 

into incubator at high altitude(1700m) 

on hatching results and subsequent 

performance in broilers. J. structural 

Biology. 163: 1438-144 

Couch.J.R. 1955. Cage layer fatigue. Feed 

Age 5:55-57. 

Dôres, S.M.C.; Paiva, S.A.R.;and 

Campana, A.O.2001. Vitamina K: 

metabolismo e nutrição. Revista de 

Nutrição, 14:.207-218. 

Duggan, P.; O'Brien, M.; Kiely ,M.; 

McCarthy, J.; Shanahan, F. and 

Cashman, K.D.2004. Vitamin k status 

in patients with crohn's disease and 

relationship to bone turnover. Am. J. 

Gastroenterol ., 99:2178-85. 

Duncan, D.B., 1955. Multiple range and 

multiple F tests. Biometrics  11: 1-42. 

Eibhlís, M. O;Connor, a.b.and Edel 

Durack .2017.Osteocalcin: The extra-

skeletal role of vitamin K-dependent 

protein in glucose metabolism . Journal 

of Nutrition and Intermediary 

Metabolism. 7 : 8-13. 

Feed composition  for animal and 

poultry feed stuff used in Egypt.2001. 
Technical pulletil no.Central lab. For 

feed and food; Ministry of Agriculure, 

Egypt. 

Fernandes, J.I.M.; Murakami,A.E.; 

Scapinello,C.; Moreira,I.;and 

Varela,E.V., 2009.Effect of vitamin K 

on bone integrity and eggshell quality of 

white hen at the final phase of the laying 

cycle. R. Bras. Zootec., 38:488-492. 

Fisher, C., 1983. Nutritional Physiology of 

Farm Animals. In, J.A.F. Rock & P.C 

Thomas (Eds.). Longman Group Ltd. 

London, United Kingdom. 629-632. 

Fleming, R.A.; Mccormack, H.A.; 

Mcteir, L. and Whitehead,C.C., 2006. 
Relationships between genetic, 

environmental and nutritional factors 

influencing osteoporosis in laying hens. 

Br. Poul. Sci., 47:742-755. 

Fleming, R.A.; Mccormack, H.A.; and 

Whitehead, C.C.1998. Bone structure 

and strength at different ages in laying 

hens and effects of dietary particulate 

limestone, vitamin K and ascorbic acid. 

Br. Poult. Sci., 39:.434-440. 

Hauschka, P.V. and Reid M.L., 1978. 
Vitamin k dependence of a calcium-

binding protein containing ϒ - 



bone parameters -osteocalcin   –aged layer  -cage  – 3Vitamin K 

862 

 

carboxyglutamic acid in chicken bone. 

The Jornal of Biological Chemistry. 

253: 9063-9068. 

Hansen, K. K., Kittok,R.J.; Sarath, G.; 

Toombs, C.F.; Caceres,N. and 

Beck,M.M,2003. Estrogen receptor-α 

populations change with age in 

commercial laying hens. Poult. Sci. 

82:1624–1629. 

Iwamoto, J.; Seki, A., Sato, Y.; 

Matsumoto, H.; Takeda, T.and Yeh, 

J.K., 2011. Effect of vitamin K2 on 

cortical and cancellous bone mass and 

hepatic lipids in rats with combined 

methionine-choline deficiency. Bone 

48:1015-21. 

Jiang ,S.; Cheng , H. W. ; Hester , P. Y.  

and Hou, J.F., 2013a. Development of 

an enzyme-linked immunosorbent assay 

for detection of chicken osteocalcin and 

its use in evaluation of perch effects on 

bone remodeling in caged white 

leghorns. Poult. Sci. 92 :1951–1961. 

Jiang ,S.; Cheng , H. W. ; Cui,L.Y.; 

Zhou,Z.L.  and Hou, J.F., 2013 b. 
Changes of blood parameters associated 

with bone remodeling following 

experimentally induced fatty liver 

disorder in laying hens.Poult. 

sci.92:1443-1453. 

Jiang ,R. S.;  Xie ,Z.;  Chen ,X.Y., and  

Geng,Z.Y., 2010. A single nucleotide 

polymorphism in the parathyroid 

hormone gene and effects on eggshell 

quality in chickens . Poul. Sci. 89 

:2101–2105. 

Juliet, R. Roberts  2004. Factors affecting 

egg internal quality and egg shell quality 

in laying hens. J. Poult. Sci., 41:161-

177. 

Khosla,S.; Elizabeth j.; Atkinson,  

Melton,J.; and Awrence riggs,B.,1997. 
Effects of age and estrogen status on 

serum parathyroid hormone levels and 

biochemical markers of bone turnover in 

women: a population-based study. J. 

Clin. Endocrinol. Metab., 82: 1522–

1527. 

Kim,W.K.;Donalson, L.M.; Stallon, J.L.; 

Bloomfield,S.A.; Kubena. L.F.; 

Nisbet.D.J., and Ricke, S.C.,2007. 
Molt performance and bone density of 

cortical, medullary and cancellous bone 

in laying hens during feed restriction or 

alfalfa-based feed molt. Poult. Sci., 

86:1821-1830. 

Knapen, M.J.; Hamulyák, K.;and 

Vermeer, M.H.J.1989. The effect of 

vitamin K supplementation on 

circulating osteocalcin (bone Gla 

protein) and urinary calcium excretion. 

Annals of Internal Medicine, 111:1001-

1005. 

Knowles, T. G., and Wilkins.L.J., 1998. 
The problems of broken bones during 

handling of laying hens—a review. 

Poult. Sci.,77:1798–1802. 

Leat,M.D.2017. Lifting quantity and 

quality of hatching eggs Poultry World 

33:29-30.  

Li ,C.; Geng ,F.; Huang ,X.; Ma ,M.; and 

zhang,X., 2014.Phosvitin phosphorus is 

involved in chicken embryo bone 

formation through dephosphorylation . 

Poult. Sci., 93 :3065–3072. 

Miller, S. C. 1992. Calcium homeostasis 

and mineral turnover in the laying hen. 

Pages 61–75 in Bone Biology and 

Skeletal Disorders in Poultry. C. C. 

Whitehead, ed. Poultry Science 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwamoto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21352961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seki%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21352961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sato%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21352961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matsumoto%20H%5BAuthor%5D&cauthor=true&cauthor_uid=21352961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takeda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21352961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeh%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=21352961
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yeh%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=21352961


Wesam A. Fares et al. 

864 

 

Symposium No. 23. Carfax Publishing 

Co., Oxfordshire, UK  

Mona, R.M. Ahmed; Wesam, A.Fares; 

Rizk,R.E.; and Abdalla, E.A. 2016. 
Skeletal embryonic development and 

hatching traits as affected by eggshell 

osteopontin protein during two stages of 

laying cycle.Egypt. Poult. Sci., 36:805-

823. 

Monegue,J.S.,2013. evaluation of the 

effects of vitamin k on growth 

performance and bone health in swine. 

PhD Thesis, College of Agriculture at 

the University of Kentucky. 

Moreki,J.C.,2005. The influence of 

calcium intake by broiler breeders on 

bone development and egg 

characteristics.Ph.D. Thesis,Fac.of  

Natural and Agricultural Sciences. 

University of the Free State. 

Nakagawa, K.;  Sawada, N.; Hirota,Y.;  

Uchino, Y.; Suhara,Y.;  Hasegawa,T.;  

Amizuka,N.;  Okamoto,T.;   Tsugawa 

,N.; Kamao,M.; Funahashi,N.; and  
Okano,T.,2014. VitaminK2 biosynthetic 

enzyme, UBIAD1 is essential for 

embryonic development of mice. 

PLoS One ,9: e104078. 

Olson, R.E.,2000. Osteoporosis and 

vitamin K intake. American Journal of 

Clinical Nutrition, 71:.1031-1032. 

Park, S.; Birkhold, S.; Kubena, L.; 

Nisbet, D.; Ricke, S., 2003. Effect of 

storage condition on bone breaking 

strength and bone ash in laying hens at 

different stages in production cycles. 

Poult Sci. 82:1688 – 1691. 

Rath,N.C.;Huff,G.R.;Huff,W.E.; and 

Balog, J.M. 2000. Factors regulating 

bone maturity and strength in poultry. 

Poult. Sci., 79:1024-1032. 

Rennie, J.S.; Fleming, R.H.and  

Mccormack, H.A. 1997. Studies on 

effects of nutritional factors on bone 

structure and osteoporosis in laying 

hens. British Poult. Sci. 38:417-424. 

Rizk, R.E.; Nadia A. EL-Sayed; Shahein 

E.H.A., and Hedaia M. Shalan, 2008. 
Relationship between eggshell 

membranes and embryonic development 

through different egg production periods 

in two developed chicken strains. Egypt. 

Poult. Sci., 28: 535- 551. 

Rizk, R.E.; Zeweil, H.S.; El-Zayat, M.A. 

and Salma A.H. Abouhafasa, 2006. 
Effect of flock age and dietary fat on 

production and reproduction 

performance in Japanese quail. The 

Scientific Conference, Verona, Italy, 10-

14 Sept. 

Samejima, M., 1990. Principal component 

analysis of measurements in the skeleton 

of red jungle fowl and 12 breeds of 

domestic fowls, 3: Ossa membripelvini. 

Japan. Poult. Sci., 27:142-161. 

SAS., 2004. SAS\STAT Users Guide. 

Version 9.1 . SAS Inst. I.C., 

Carry,Nc,USA. 

Sergyva,A.,1986. Egg quality and egg 

hatchability. Ptitsevodstvo Moscow, 

Russia, 3:24-25.  

Thijssen, H.H.Wand Drittij-Reijnders, 

M.J. 1994. Vitamin K distribution in rat 

tissues: dietary phylloquinone is a 

source of tissue menquinone .Br. J. Nutr. 

, 72: 415-425. 

Wesam A. Fares; Mona R.M. Ahmed; 

Rizk,R.E. and Shahein,E.H.A,2017. 
Effect of eggshell conductance constant 

on embryonic intestine function, 

hatching characters and subsequent 

growth for developed chickens and its 



bone parameters -osteocalcin   –aged layer  -cage  – 3Vitamin K 

866 

 

relation with 2- flock age Egypt.Poult. 

Sci. 37: 1217-1235.  

Whitehead,C.C. and Fleming, R.H. 2000. 
Osteoporsis in cage layers. Poult. Sci., 

70: 1033- 1041. 

Yi,Z.; Kornegay, E.T.; Ravindran, V. 

and Denbow, D.M., 1996. Improving 

phosphorus availability in corn and 

soyabean mral for broilers using 

microbial phytase and calculation of 

phosphorus equivalency values for 

phytase. Poult. Sci., 75:240-249. 

Zhang,Y.L.; Yin,J.; Ding,H.; Zhang,W. 

;Zhang, D. and Gao,Y. 2016. Vitamin 

K2 Prevents Glucocorticoid-induced 

Osteonecrosis of the Femoral Head in 

Rats .12: 347-358. 

Zhang, C.; LI, D.; Wang, F.and Dong, 

T., 2003.Effects of dietary vitamin K 

levels on bone quality in broilers. 

Archives Tierernahr., 57:197-206.



Wesam A. Fares et al. 

868 

 الملخص العربى
                                  

 على االداء األنتاجى للدجاج و جودة العظام 2تأثير فيتامين ك

 الفترة المتأخرة من انتاج البيض .6

 رمضان الدقن همرو فارس , منى رفعت محمد أحمد , وسام اديب                                 

 .  مصرز البحوث الزراعيةمرك -معهد بحوث اإلنتاج الحيواني

 

لعليقة الدجاج البياض عند الفترة المتاخرة من  3أجريت هذه التجربة لدراسة تأثير اضافة مستويات عالية من فيتامين ك

إنتاج البيض والمربى فى اقفاص وذلك على كل من األداء األنتاجى للبيض وصفات قشرة البيض وتركيب عظمة الساق 

أستخدم فى هذه  .لوجية لعظمة الساق  بجانب صفات الفقس وبعض القياسات الفسيولوجيةوأيضا القطاعات الهستو

تم  . أسبوع 76حتى  55ديك من ساللة دجاج المندرة والمرباه فى أقفاص من عمر  31دجاجة و 051 الدراسة عدد 

( وهى (T1وعة األولى المجم .للعليقة  3مجاميع على حسب مستوى إضافة فيتامين ك 5تقسيم الطيور عشوائيا إلى 

ملجم  3وهى تحتوى فى األساس على  3المقارنة وفيها تغذت الطيور على العليقة األساسية بدون اى إضافة لفيتامين ك

أما بالنسبة  إلى باقى األربعة مجاميع األخرى تم إضافة الميناديون إليها كمصدر لفيتامين  .( / كجم عليقة 3ميناديون)ك

( ،  T2ملجم/ كجم عليقة لكل من المجاميع الثانية) 01، 05، 00، 6كما يلى  3مين كليصبح مستوى فيتا 3ك

 T3دجاجات كل من المجاميع  : أنتجتأشارت النتائج إلى انه . التوالى( على T5( ، الخامسة )T4(، الرابعة )T3الثالثة)

 ،T4 ،T5 بة إنتاج البيض لكل المجاميع بيض أعلى معنويا فى الوزن وأيضا زاد معنويا كل من حجم البيضة ونس

حدثت زيادة معنوية فى كل من سمك القشرة )مم( ونسبة تركيز  . مقارنة بمجموعة المقارنة 3المضاف إليها فيتامين ك

وأيضا قد لوحظ  تحسن معنوى لكل من قياسات  . مقارنة بباقى المجاميع T3  ،T4الكالسيوم لبيض كل من المجموعتان 

( وتركيب ) وزن ونسبة كل من الرماد والكالسيوم والفسفور( عظمة الساق لدجاجات كل من  ) طول وعرض وقوة كسر

زياده  3سجل البيض الناتج من كل المجاميع المضاف إليها فيتامين ك. مقارنة بباقى المجاميع  T3  ،T4المجموعتان 

زاد معنويا تركيز بروتين األوستيوكالسين فى  . معنوية لكل من نسبتى الخصوبة والفقس مقارنة بمجموعة المقارنة 

سيرم الدم وايضا تركيز كل من الكالسيوم والكالسيوم المتأين والفسفور واأللكالين فوسفاتيز فى بالزما دم دجاجات 

ام المنسوجة زيادة فى العظ T3  ،T4 ،T5وأيضا أظهرت القطاعات الهستولوجية لكل من المجاميع  .   T3المجموعة 

لخاليا البنائية للعظام وأيضا زيادة فى سمك طبقة القشرة الخارجية للعظم   وبذلك اوضحت تلك االعظام ونشاط  لنخاع

/كجم عليقة  لعلف الدجاج البياض عند الفترة المتأخرة  3ملجم ك 05أو  00النتائج انه من الممكن اعتبار إضافة سواء 

حصول على زياده فى انتاج البيض ونسب الفقس وأيضا زيادة من أنتاج البيض والمربى فى أقفاص كأداه واعده لل

 .امى جودة كل من قشرة البيضة والعظالتحسن ف

 


