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ABSTRACT: The present study was performed to study the influence of dietary supplementation
of Mandarah female birds during the growing period with higher levels of vitamin K3 more than
that recommended on growth performance, tibia bone parameters, X-Ray examination, histological
observation and some blood parameters. Three hundred Mandarah chicken females were assigned
in cages from 4 to 16 weeks of age. The birds were randomly divided into 5 groups with 3 replicates
per each representing the dietary supplementations. The first group was served as control (T1)
without any supplementation and fed basal diet containing 3 mg Kz / kg diet . The rest 4 groups
were fed diet supplemented with menadion as additional doses of vitamin K3 source to be 5, 7,9and
11mg ks / kg diet for T2, T3, T4 and T5 groups, respectively. Results revealed that during the whole
experimental period (4-16 wks) of age, all extra supplementations of vitamin ks resulted in a
significant (P<0.05) improvement in body weight gain and feed conversion ratio compared to those
for control group (T1), besides Ts group realized the best significant record of body weight gain and
feed conversion ratio compared with the rest experimental groups. Moreover, the best improvement
of tibia parameters including length , width , breaking strength, weight, ash%,Ca% and P% were
recorded for birds of T4 and T5 groups. Birds of Ts group (11mg ks/kg diet) had the highest values
of the serum osteocalcin (OC) and plasma Ca, P, ionized calcium (ICa) and alkaline phosphatase
(AP). X- Ray pictures of tibia bone for all vitamin K3 supplemented groups represented high bone
density and did not show any incidence of osteopenia. Histological observations of tibia bone for
birds of T3, T4 and T5 groups illustrate marked increase of trabecular bone density, osteocytes and
periosteum. In conclusion, supplementing the diet containing 3 mg Ks / kg diet of Mandarah female
birds during the growing period with vitamin ks to be 11 mg vitamin Ks / kg diet could be
recommended due to beneficial influence of these extra doses on improving growth performance,
bone mass ,quality and strength .
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INTRODUCTION
Vitamin k is a series of compounds with
structure of polyisoprenoid-substituted
naphthoquinone, it includes vitamin ki and
ko which originate from plants or bacteria,
respectively and a group of synthetic
menadione derivatives such as menadione
(k3) ( Jin and Sell, 2001).Bone is a
dynamic tissue influenced by
physiological, nutritional and physical
factors such as mechanical stress and
physical activities and under controlled
conditions of feeding, bone strength of
growing birds can be adequately
maintained to last their productive life
(Rath et al.,2000). During the pre and
starter laying period, female birds need
more Ca to form medullar bone that is
essentially woven bone with high rate of
remodeling providing Ca to meet demand
of egg shell formation throughout laying
periods ( Fleming et al., 1998 and Rath et
al., 2000). While, Fernandes et al.(2009)
reported that, excessive Ca can impair the
bioavailability of minerals such as P, Mg
,Mn and Zn and diet can become less
palatable and dilute other components
when high calcium carbonate levels are
used. Thus currently vitamin k is now
receiving more attention in relation to its
role in bone metabolism especially human
and originally recognized as a factor
required for normal blood coagulation
(Bugel, 2003), and there is some evidence
that vitamin k affects the Ca balance
(Fernandes et al.,2009). Furthermore,
vitamin k is required for the post-
translation modification of osteocalcin
which is the most abundant none-
collagenous protein and has a high affinity
for Ca associated with bone growth
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(Fleming et al, 1998 and Jagtap and Ganu,
2011).
There is evidence indicating that the
production of vitamin k by microbiota
seems not sufficient for body function
(Caroline et al., 2015). Therefore, Leeson
and Summers (2001) reported that, there is
a need for vitamin ks supplementation to
the diet for bone growth of broiler.
Moreover, Zhang et al. (2003) concluded
that there is a positive effect of vitamin k
on bone quality and feed efficiency for
broiler. Also, Jin et al (2001) found that
supplementation the diet with vitamin k
significantly increased turkey tibia ash.
Furthermore, Caroline et al. (2015)
detected that vitamin k supplementation
affects plasma alkaline phosphatase beside
increased tibia length and ash% for meat
quail.
As previously indicated, there is little
collaborative data on the effect of vitamin
k on bone and related parameters for
female birds during the growing period.
Therefore, this study was performed to
determine the influence of dietary ks
supplementation on growth performance,
bone quality and related plasma
parameters of Mandarah females during
the period from 4 to 16 wks of age.
MATERIALS AND METHODS
Experimental Design:
The present study was performed at EL-
Sabahia Poultry Research Station, Animal
Production Research Institute, Agriculture
Research Center. Three hundred females
of Mandarah birds were housed in
galvanized cages from 4 up to 16 weeks of
age. The reason of avoiding the doing of
this experiment during the first four weeks
of age that McDowell (1989) mentioned



Vitamin Ks — cage - growing — osteocalcin - X-Ray - bone parameters

that vitamins can be synthesized by
bacteria in intestinal tract in sufficient for
very young chicks, also Rath et al.(2000)
found that bone strength normally increase
from day 1 to a peak between 3 to 5 wks
of age. The birds were randomly divided
into five groups representing the dietary
supplementations with 3 replicates per
each. The first group was served as control
(T1) without any supplementation and fed
basal diet contains 3 mg menadion (ks) /
kg diet . The four rest groups were
supplemented with additional doses of
vitamin Kz to be 5, 7,9 and 11 mg 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). Feed and water were
provided ad- libitium.

Measurements:-

Body weight (g) and feed consumption
(g) were recorded every week for each
replicate per treatment then calculated
during 4 weeks and for the whole
experimental periods for all groups. Body
weight gain (g) and feed conversion (g
feed/ g gain) ratio were calculated. No
mortality was recorded during the
experimental period.

At 16" week of age, three birds from each
replicate  were randomly taken for
slaughter. 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,
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Faculty of Engineering, Ain-Shams
University according the method of Park et
al.(2003). The tibia was dried at 105 C’
until constant weight and the quantities of
crude ashes were detected according to Yi
et al.(1996), then dissolved and filtered to
determine Calcium(Ca) and Phosphorus(P)
percentages by atomic absorption. Left
tibia was taken for X- Ray examination
and subjected to histological observation
in the Laboratory of Poultry Physiology,
Faculty of Veterinary Medicine, Kafr EL-
Sheikh University.

Blood samples were taken from the same
previous slaughtered birds. A portion of
the fresh blood was used immediately for
determining clotting time (seconds) beside
measuring both of serum osteocalcin
protein (OC) (ng/ml) according to method
of Jiang et al. (2013) and serum
parathyroid hormone PTH (Pg/ml). In
addition, other portion of blood was
collected in  heparinized tube for
measuring plasma alkaline phosphatase
(AP, lL.u/L), calcium (Ca, mg/dl), ionized
calcium (ICa, mg/dl) and phosphorus (P,
mg/dl) by available commercial bio-
diagnostic kits, Egypt.

Statistical Analysis:

Data obtained were statistically analyzed
using General Linear Model procedure
(GLM) of SAS (2004). The significant
differences among treatment means were
tested according to Duncan (1955).

The following model was used

Yij = p+Lit ejj where,

Yij = observed traits

i = the overall mean

Li= effect of vitamin Kz level (1,2,3,4,5)

eij = experimental random error.
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RESULTS AND DISCUSSIONS

Growth Performance:

Effects of dietary supplementation with
vitamin Kz for Mandarah females from 4 -
16 weeks of age on body weight, body
weight gain and feed conversion ratio are
shown in Table 2.No significant changes
were observed among treatments for body
weight at 4™ week of age. Birds of T3, T
and Ts groups represented the highest
(P<0.05) body weight compared to those
for T> and T1 groups at 8 and 12 wks of
age. Whereas, at 16 wks of age, all groups
of extra vitamin ks supplementation
realized the highest (P<0.05) body weight
values compared to control group (T1), and
birds of Ts group recorded the highest
(P<0.05) increase of body weight
compared with the rest experimental
groups. Birds of T3(7mg ks/ kg diet) , Ts
(9mg ka/ kg diet) and Ts(11mg ka/ kg diet)
groups realized the best values of body
weight gain and feed conversion
(P<0.05)compared with those for T1 and
T, groups during the first experimental
period (4-8 wks of age). While, throughout
the period of 9-12 and 13-16 wks of age
birds of Ts group recorded highest
numerical increase of body weight gain
and feed conversion improvement
compared with all experimental groups
and did not represent any significant
change with the rest of treated groups.
Generally, during the whole experimental
periods (4-16 wks) of age, all extra
supplementations of vitamin ks for Tz, Tg,
Ts and Ts groups represented significant
(P<0.05) increase of body weight gain and
significant (P<0.05) improvement of feed
conversion ratio compared with those for
T1 group, besides Ts group realized the
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best significant record of body weight gain
and feed conversion ratio compared with
all rest experimental groups. In this
respect, Thijssen and Drittij- Reijnders
(1994) detected that increased body weight
gain and the improvement of feed
conversion by vitamin Kz supplementation
to the diet could be related to role of
vitamin K on digestive enzymes. Partial
agreement with previous results was
reported by Zhang et al. (2003) who
mentioned that, diet supplemented with 8
mg/kg diet, vitamin K improved broiler
growth performance during 6-7 wks of
age. Whereas, our results did not support
the results of Jin et al. (2001) who found
that dietary K: with levels of 0.5, 1 or 2
mg/kg did not affect body weight gain or
feed efficiency of poults through the first
fourteen days of age. Likewise, Caroline et
al. (2015) represented the same conclusion
with growing quail during 1-14 days of
age with vitamin K level of 0.7, 1, 1.3, 1.6,
1.9, 2.2, or2.5 mg/kg diet.

The conflicting results of body weight gain
and conversion due to vitamin ks
supplementation exceeding than that
recommended could be due to different
factors such as species, flock age and
vitamin k concentrations.

Bone Parameters

Data of Table 3 display the effect of
dietary vitamin ks level on some
parameters of tibia bone at 16 wks of age.
It can be observed from data of this table
that supplementation all experimental
levels of vitamin ks significantly (p< 0.05)
increased the studied parameters of tibia
bone including length, width, breaking
strength, weight, ash %, Ca % and P%
compared with those for control group.
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Moreover, supplementing the diet with 9
or 11 mg ks/kg diet (T4 andTs) recorded
the best values of all tibia bone
measurements and composition. Results
herein are keeping with the previous
reports including vitamin Kk levels
supplementation at different bird's age and
species. Jin et al. (2001) found that
supplementation the diet with 2 mg
vitamin k to turkey diet significantly
increased tibia ash at 7 days of age.
Moreover, Zhang et al. (2003) found that
bone breaking strength, bone ash and bone
mineral content were significantly
increased by increasing supplementation
of vitamin k to broiler diet. Also, Caroline
et al. (2015) pointed out that tibia bone
length of broiler had a linear increase
according to the vitamin k
supplementation levels. The increase of
bone ash and breaking strength for birds
supplemented with extra vitamin ks could
be explained on light of tibia Ca and P
percentages increase. This statement is
supported by Rath et al. (2000) who
showed that adequate Ca in the bone is
necessary to decrease bone turnover. Also,
Moreki (2005) mentioned that Ca plays a
vital role in bone formation and
development. Furthermore, Fernandes et
al. (2009) found that low level of vitamin
k induces the synthesis of non-
carboxylated osteocalcin that presents poor
affinity for hydroxyapatite leading to
deficient bone mineralization. Moreover,
Boskey and Coleman (2010) referred that
the strength of bone is determined by the
mineral amount content.

The improvement in bone quality and
maturation of tibia bone during the pre-
laying period in the current study could be
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due to the extra vitamin ks
supplementation which contributes to raise
carboxylated osteocalcin which can be
bind to Ca from the bone matrix and
induce better mechanism of Ca use.

Blood Parameters:

Data of Table 4 reveal that all vitamin ks
supplementations numerically decreased
clotting time for Mandarah birds at 16 wks
of age compared to control (Ty).
Furthermore, all extra doses of vitamin ks
supplementations resulted in significant
(p< 0.05) increase of serum OC and
plasma Ca, ICa, p and AP compared with
those for control one, besides birds of Ts
groups (11mg ka/kg diet) had the highest
values of the previous mentioned
parameters. While, all vitamin ks
supplementations significantly (p< 0.05)
decreased serum PTH concentration
compared to control.

However, there is little actual data
published to support the concept of blood
parameters due to extra vitamin ks
supplementations. Fleming et al. (1998)
and Zhang et al. (2003) found that vitamin
k increased broilers OC concentration.
Moreover, Caroline et al. (2015) detected
that AP values increased with vitamin k
supplementation to diet of growing quail at
14 day of age. While, the same authors
found that, plasma Ca concentration was
not affected by the vitamin k levels.
Furthermore, Wesam et al.(2018) revealed
that, dietary vitamin ks increased serum
OC and plasma Ca, ICa, P and AP and
decreased serum PTH hormone for aged
hens.

The increasing values for serum OC and
plasma Ca, ICa, P and AP could be the
reason of increasing measurements and
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composition of tibia bone as detected in
Table 3.This conclusion could be
interpreted by  different  previously
statements as Mckee et al.(1992) noted
that OC plays an important role in bone
formation and extracellular mineralization
process. Also, Jagtap and Ganu (2011)
reported that osteocalcin has a high
affinity for Ca and elevated levels of
serum OC and may be associated with
increased  activity  of  osteoblasts.
Furthermore, Plantalech et al. (1991) and
Bugel (2003) detected that, vitamin K is a
coenzyme for glutamate carboxylase in
which glutamic acid residues (GLA)
transform  the g-  carboxyglutamic
glutamatic acid into blood coagulation
factors and bone proteins and Gla residues
attract Ca?* (ICa) and incorporate these
ions into hydroxyapatite crystals. While,
low levels of vitamin k results in an
increase in under-carboxylated OC caused
low bone mineral density and increased
bone fracture. Moreover, AP is seen in
activated osteoblasts and involved in the
mineralization process and greater AP
activity is a good sign of bone formation
(Lietal., 2014).

Moreover, the results of increasing Ca,
ICa, P and AP by dietary supplementation
of vitamin ks could be the reason of
increasing bone formation and in turn
body weight gain. Monika and Roselina
(2013) mentioned that Ca and P are
essential elements and play an important
role in  bone development and
mineralization and increased growth rate.
The results of PTH decrease besides OC
and Ca increase in blood and bone due to
elevation of vitamin ks supplementations
are documented with close explanation of
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Monica and Roselina (2013) who noted
that low Ca in the blood secrete extra PTH
which stimulated the conversion of
vitamin D3 to 1,25 ( OH); D3 that in turn
increases intestinal Ca absorption and
finally losses of more Ca from bone.
Furthermore, Kristina (1995) added that
extra PTH may be restrictive the OC
synthesis in osteoblasts.

X- Ray Examination of Tibia Bone:

X- Ray pictures of the tibia bone for
growing female birds at 16 wks of age are
presented in Figure 1. Tibia bone of
control group showed incidence of
osteopenia and clear decline of bone
density while all pictures of tibia bone for
all vitamin Kz groups had high bone
density and did not show any incidence of
osteopenia. The increase of bone density
and controlling of osteoporosis for tibia
bone of vitamin K3 groups could be related
to the increase for each of bone Ca% and
bone strength ( Table 3) and blood OC
(Table 4 ). Using X ray for evaluating
bone density was previously detected by
Rath et al. (2000) who showed that bone
density is a reflection of bone mineral
content and could be used as indices of
bone strength.

Histological Observation of Tibia Bone:
Figure 2 illustrates cross sections of tibia
bone for Mandarah female birds at 16 wks
of age subjected to extra doses of vitamin
Ks. Sections of tibia bone for control
group (T1) showed decrease of ossification
and bone density with reduction of
trabecular (cancellous) bone formation
(osteocytes) and thickness besides, an
increase of osteopenia incidence. While,
pictures of tibia bone for birds of T3, Ta
and Ts groups represented marked increase
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for each of trabecular bone density,
osteocytes and periosteum. Whereas,
pictures of T, group show moderate
increase of the previously mentioned
characters appeared for Tz, T4 and Ts
groups. All sections of tibia for all female
birds groups supplemented with extra
vitamin Kz did not show any incidence of
osteoporosis. There is a paucity of
information describing associated changes
in the histology of bird's tibia bone
subjected to higher dietary
supplementation of vitamin Ks. Fleming et
al. (1998 and 2003) found that dietary
supplementation with extra vitamin Kz to
female diet can enhance cancellous bone
formation during the growing period.
Also, lwamoto et al. (2011) suggested that,
a beneficial effect of vitamin Kz on bone
mass of rats. Moreover, Zhang et al.
(2016) showed that vitamin K has been
shown to play an important and beneficial
role in bone metabolism for rats. Also,
Wesam et al. (2018) found that, vitamin
Ks play a vital role in controlling
osteoporosis disease for aged layers. The
combining results of thickness decrease in
trabecular and trabecular space increase
for female tibia bone of growing birds for
control group suggesting that there is
insufficient bone formation or bone loss in
the birds of this group and these
histological signs may shed some lights on
the corresponded results of osteocalcin
concentration reduction as presented in
Table 4. These results approach with those
previously reported by Tomazewska et al.
(2016).
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IN CONCLUSION

To gain a more accurate results and further
insight , we have separated the chicken
sexes in two experiments to monitor the
change in calcium metabolism due to
supplying the diet with vitamin ks and data
of chicken males will be published in the
coming research. The results of this study
proved that supplementing the diet
contains 3 mg ks / kg diet to be 11 mg ka /
kg diet more than recommended during the
early stage of Mandarah female life could
be a potential approach for improving
bone mass, strength, and quality and
finally the productive performance. Thus,
this outcome could be beneficial for
reducing the opportunity of osteoporosis
appearance for layers .We hope that this
strategy could open alternative ways for
overcoming the skeletal problems and
improve the productive performance.
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Table (1): Composition and calculated analysis of the basal experimental diets:

Diet Starter (4-8 wks) Grower (9-16 wks)
Ingredients
Yellow corn 630.00 615.00
Wheat bran 0.00 200.00
Corn gluten meal. 60 35.00 46.00
Soybean meal 292.00 95.00
Vit. and Min. Premix? 3.00 3.00
Sodium chloride (NaCl) 3.00 3.00
Dicalcium phosphate 19.5 19.1
Limestone 15.7 16.00
Lysine 0.5 2.1
DL — Methionine 1.3 0.8
Total 1000 1000
Calculated analysis
Crude protein (%) 20.01 15.07
ME(Kcal/Kg diet) 2906 2715
C/P ratio 145 180
Ether extract (%) 2.82 3.42
Crude fiber (%) 3.08 3.89
Calcium (%) 1.08 1.04
Phosphorus available (%) 0.51 0.51
Methionine (%) 0.46 0.36
Methionine + Cysteine (%) 0.80 0.64
Lysine (%) 1.00 0.75
Chemical analysis
Crude protein (%) 20.00 15.00
Ether extract (%) 2.80 3.40
Crude fiber (%) 3.14 3.90

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. Bi2, 0.01mg; Vit.Be, 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;Antioxidant.3mg.
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Table ( 2): Effect of extra dietary vitamin K 3 on growth performance of Mandarah female birds (Means + SE)

ltems

weeks

vitamin K3 (mg/Kg diet)

T1 (control,3mg) T2 (5mg) T3(7mg) T4 (9mg) T5(11mg)
Awks 170.93+1.18 172.33+1.79 171.46+3.0 175.60+2.0 171.73+2.30
Body weight 8 wks 500.20+11.54° | 506.26+15.93° | 545.93+18.92% | 547.93+12.18% | 554.80+15.372
(0) 12 wks 842.20+31.10° | 867.20+20.03° | 918.01+16.17% | 921.86+20.07% | 947.20+17.262
16 wks 1150.33+14.82¢ | 1184.53+19.21¢ | 1240.04+14.19° | 1248.60+11.72° | 1288.00+12.242
4-8 wks 329.26+9.55° 333.93+5.81° | 374.46+17.78% | 372.33+5.31% 383.06+2.662
Body weight gain | 9-12 wks 342.00+8.54° | 360.93+12.38%" | 372.06+18.86%° | 373.93+18.08%° | 392.40+6.982
() 13-16 wks | 308.13+7.54° 317.33£0.95% | 322.40+9.79% | 326.73+15.24® | 340.80+6.20°
4-16 wks | 979.40+12.58¢ | 1012.20+5.92° | 1068.93+4.51° | 1073.00+3.41° | 1116.27+3.55%
Feed conversion 4-8 wks 4.15+0.112 4.06+0.062 3.61+0.16" 3.57+0.02° 3.46+0.05"
ratio 9-12 wks 4.63+0.08? 4.34+0.17% 4.29+0.18% 4.19+0.24% 4.03+0.03°
@/g) 13-16 wks 6.00+0.152 5.79+0.032 5.74+0.602 5.57+0.29% 5.18+0.10°
979 4-16 wks 4.88+0.032 4.68+0.03" 4.43+0.01° 4.33+0.02¢ 4.18+0.04°

a,b,c and d means having different letters in the same row are significantly different (P<0.05).
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Table ( 3): Effect of extra dietary vitamin K 3 on tibia bone parameters of Mandarah female birds at16 wks of age (Means +SE)

Vitamin K3z (mg/Kg diet)
Items T1 ( control T2 (5mg) T3 (7mg) T4 (9mg) T5 (11mg)
,3mg)

Tibia length (mm) 100.00 + 0.36¢ 103.25 + 0.003° 104.07 £ 0.03° 106.9+0.032 106.83+0.072
Tibia width (cm) 0.47 + 0.003¢ 0.55 +0.003° 0.57 + 0.003° 0.64 +0.0038 0.64 +0.0032
Breaking strength(N) 171.04 + 0.03¢ 184.70 + 0.03¢ 219.4+0.03¢ 241.2+0.03° 263.2+0.032
Tibia weight (g) 8.05 + 0.03° 10.80+0.083¢ 11.03+0.03° 12.13+0.05° 12.8+0.03°
Ash (%) 36.00 +0.36° 43.53+0.84° 46.08+0.03? 56.10+0.02°8 47.00+0.36°
Calcium (Ca%) 11.02 £0.36¢ 17.2 +0.46° 19.01+0.368 24.80+0.028 19.4+0.368
Phosphorus (P%) 6.02 +0.003¢ 8.02+0.003¢ 8.34+0.004° 10.30+0.002° 8.92+0.001°

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

Table (4) : Effect of extra dietary vitamin K 3 on some blood parameters of Mandarah female birds at 16 wks of age (Means +SE)

ltems Vitamin Kz (mg/Kg diet)
T1(control,3mg) T2 (5mQ) T3 (7mg) T4 (9mg) T5(11mg)
Clotting time (second) 12.13+0.03 12.05+0.04 12.01+0.04 12.03+0.08 12.08+0.07
Osteocalcin protein (OC) ng/ml 80.47 + 0. 05° 92.70 + 0.05¢ 105.76 + 0.08° 116.90 £ 0.05° | 120.10 + 0.05
Calcium (Ca) mg/dl 10.12 + 0. 05° 12.61 + 0.05¢ 12.92 +0.05° 14.60 £ 0.05° | 15.10 +0.05%
lonized calcium(ICa ) mg/dl 4.40 + 0.05° 5.38 + 0. 08" 6.26 + 0.08% 6.01 + 0. 05% 6.43 + 0.022
Phosphorus (P) mg/dl 4.10 +0.05° 4.89 +0.04¢ 5.30 +0.05° 5.50 + 0.05° 6.10 +0.05
Alkalin phosphatase (AP) 1.U./L 23.90 + 0.05¢ 27.60 + 0.05¢ 27.90 £ 0.05° 31.22+0.05° | 32.70+0.05°
Parathyroid hormone (PTH) pg/mi 19.20 + 0.05% 18.89 + 0.03° 18.80 + 0.04¢ 18.85+ 0.05" 18.32 + 0.05°

a,b,c,d, and e means having different letters in the same row are significantly different (P<0.05).
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Figure(1): X-ray of tibia bone for female birds at 16 wks of age as affected by extra
vitamin Kz supplementation

Control (T1 3 mg ks / kg diet) T2 (5 mg ks /kg diet)

T5 (11 mg ks /kg diet)
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Figure(2): Photomicrographs cross-sections of tibia bone for female birds at 16 wks of age
as affected by extra vitamin K3z supplementation

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

To be continued
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A T4 (9 mg vitamin ks /kg diet) B

O:osteoporosis, Trabecular—  and

1111



Wesam A. Fares et al.

REFERENCES

Bulgel, S. 2003. Vitamin K and bone health.
Proc. Nutr. Soc., 62:839-43.

Boskey,A.L. and Coleman, R. 2010.
Aging and bone. J. Dent. Res., 89:1333-
1348.

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.

Duncan, D.B., 1955. Multiple range and
multiple F tests. Biometrics 11: 1-42.
Feed composition for animal and poultry
feed stuff used in Egypt. 2001
Technical pulletil lab. For feed and

food;Ministry of Agriculure, Egypt.

Fernandes, J.I.M.; Murakami,A.E.;
Scapinello,C.; Moreira,l.;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.

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.

Fleming, R.H.; Mccormack,H.A.;
Mcteir,L. and Whitehead, C.C.2003.
Effects of dietary particulate limestone,
vitamin K3 and fluoride and
photostimulation on skeletal
morphology and osteoporosis in laying
hens. Brit. Poult. Sci., 44 : 683-689.

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.

Jagtap,V.R. and Ganu,J.V. 2011.Serum
osteocalcin: a specific marker for bone
formation in postmenopausal
osteoporosis . ljpbs, 1 :510-517.

Jiang ,S.; Cheng , H. W. ; Cui,L.Y
Zhou,Z.L. and Hou, J.F., 2013.
Changes of blood parameters associated
with  bone remodeling following
experimentally induced fatty liver
disorder in laying hens.Poult.
Sci.,92:1443-1453.

Jin,S. and Sell,J.L.2001. Dietary vitamin
k1 requirement and comparison of
biopotency of different vitamin k
sources for young turkeys. Poult. Sci.,
80:615-620.

JinS.; J. L. Sell, J.L. and Haynes,J.S.
2001. Effect of dietary vitamin K1 on
selected plasma characteristics and bone
ash in young turkeys fed diets adequate
or deficient in vitamin D3 . Poult. Sci.,
80:607-614.

Kristina, A. 1995. Biochemical markers of
bone turnover. Acta. Orthop. Scand. 66
:3 76-386.

Leeson,S. and Summers, J.D. 2001.
Nutrition of the chicken. 4" ed.
Ontario:University Book, P. 591.

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.

Mckee, M.D.l.; Glimcher,M.J. and
Nanci,A. 1992. High- resolution

immunolocalization of osteopontin and

1112


https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%BCgel%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15018483
https://www.ncbi.nlm.nih.gov/pubmed/15018483
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

Vitamin Ks — cage - growing — osteocalcin - X-Ray - bone parameters

osteocalcin in bone and cartilage during
endochondral ossification in the chicken
tibia. The anatomical record., 234:479-
492.

McDowell,L.R. 1989. Vitamins in animal
nutrition. Comparative aspects to human
nutrition.  Vitamin K. California:
Academic Press Inc., Chapter 5, pp.
227-259.

Monika ,P.and Roselina ,A. 2013.
Calcium and phosphorus metabolism in

broilers: Effect of  homeostatic
mechanism on calcium and phosphorus
digestibility. J. Appl. Poult. Res.,
22:609-627.

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

calcium intake by broiler breeders on
bone development and eqg
characteristics.Ph.D. Thesis,Fac.of

Natural and Agricultural Sciences.
University of the Free State.
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.

Plantalech, L.; Guillaumont, M,
Vergnaud, P.; Leclercq, M.; and
Delmas, P.D. 1991. Impairment of
gamma carboxylation of circulating
osteocalcin (bone gla protein) in elderly
women. J. Bone Miner Res .,6:1211-
1216.

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.

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.

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.
, 12: 415-425.

Tomaszewska,E.; Dobrowolski, P.;
Kwiecien,M.; Wawrzyniak,A. and
Natalia Burmanczuk, N. 2016.
Comparison of the effect of a standard
inclusion level of inorganic zinc to
organic form at lowered level on bone
development in growing male Ross
broiler chickens .Ann. Anim. Sci., 16:
507-5109.

Wesam A. Fares ; Mona R.M. Ahmed
and Marwa R. EL-deken. 2018. Effect
of vitamin ks on chicken production
performance and bone quality. 1-late
phase of eqg production.
Egypt.Poult.Sci., 38: 637-656.

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, C.; LI, D.; Wang, F.and Dong,
T., 2003.Effects of dietary vitamin K
levels on bone quality in broilers.
Archives fur Tierernahr., 57:197-206.

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
. Int. J. Biol. Sci.,12: 347-358.

1113



Wesam A. Fares et al.

u—)ﬂ\uai&d\
alliall 3aga g zlaall ALY oY) o 3d oualish il
alll 858 A 2
&ﬁ‘oLﬁbAJOJJ.A‘mim@é)&acw)&ggé\@uj
e LQ\JJ‘E.—I‘}A-\MJ.Sf s.ib;;j\ch.ﬂ‘ﬂ\u_,;.:lyu

o)M\g_:L\\M_\ldL@_:G;A}A\ ).\S\ 3du.\AL\.\5uA4_\XL:; uh}mﬂha\)uhm\)ﬂﬂ);ﬂ\adh ;\);\e.\
Aol Al ) gea Al ol Adla) L) Aadae Guulia 5 (SN Jygatl) Ao 5 galll Cilia e gaill 3 JMA
35S 300 226 A all 038 (3 a2in] | ) gpadl) L (mny il o) i ) sinsgl) e Usil) 1S
aelae 5 () Ll pde ) salal) il a3 g gand 16 (Sin 4 see (e ol B Lgtin o3 5 50kl A e
L 5 Ll a5 (T1) oY) Ao sanall | Dl S SO0 8 IS A8 36l fualid ddlsa) (5 gie s Slo
/(3) Osline ale 3 o Uil Bygina a5 3¢ cpaalil Al (s (5 Tl Aidal o ) ol i
i 3¢ (i) yaasS gl) o bisal) Biln) 5 8 (AW @Y1 e peadl ) Al Ll | Hile paS
T4) Al 5 ((T3) 1 5 ( T2) &8l galaall (0 JSV Ao p2S / pale 11 €9 ¢ 7 ¢ 5 1y LS 38 (5 siann
(o) Al deanial ol (335 (58 (5 sine Cund 3535 ) ) o selal 355 i) e (T5) dusalall 5 (
Ayl 5 8 JSNA lld 5 s S0 e ganer & e 3¢ (palish Leall Ciliiaal) salanall S Glly 5 A pall 36
5 4o Jeanidl ol 055 @l Gl (T5) dusdall de gl o 38 5 paxll o g sl 16— 4 (0
5 Al )l e saadl (e IS jgda Cpedal 8 5 Aeadiiall A el a E»d\Gﬁ;c+uu‘hj&a¢hjaﬂ\uU$M
t}m\\ 16).«:_\.n:QM\MMY\uMMM\@MM\&M\J&MJMDJMMW\Aﬂ
Go IS Ligine 315 WS il 5 o sauallSl g abal (e JS A 5 (05 5 S 58 5 e 5 Jsh diaie
;NUQY‘} st uﬁwhe)hﬂum 5 ol 585 Ll 5 aall oy (8 CallS g V1 i S5
sa S yelal 5,“\ 16).4.::J.\Q@AM\@MMJWW&\@)M\;MYJJJV:J\LAJ)\.’@J.U\AM)&
Aalin e gualaall o 513 5elal LS 3 (paali L) Cilimal) galaall JSU alaal) 48U 3 501, 5 L) 4xY)
43\.\5‘;331.\)1-5 T4 « T3&M\wdﬁdu\wmﬂw\u\sw\J_,mum_g\bad\j ew\
/3@631‘;11&}Me\muum\ﬂmm}mqmj oabanll oLiall 5 Apakiall LAY 5 (G 1) dihaie
L@MNJJJL@.\@A}A\ é&\ubw@J}MS\AJ&JABJM\J}AL&-‘LIY‘UM\&MA&?;S
_du|e&cﬁh5}cdﬁ@wmé\ﬂhaj )ﬁ\dﬁ@@\ﬂ\dﬁ};ﬂ\j}oﬂ\wdsu;mm

1114



