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Abstract

This study was performed to investigate changes in growth performance, blood
pictures, weights of internal organs and immune response to Newcastle disease vaccine
(ND vaccine) of broilers fed different levels of Boron (75,150 and 250mg/kg) in feed
from 5 weeks. 120 broiler chicks (one day old) were randomly divided into four equal
groups (each group contain 30), as following: first group (G1) was received 75 mg/kg of
Boron, second group (G2) was received 150 mg/ kg of Boron, third group (G3) was
received 250 mg/ kg of Boron and fourth group (G4) was not received Boron in feed
and consider as control, All groups were vaccinated with ND vaccine at 10 and 20 days
old, Growth performance of the chicks (Body weight, weight gain and mortality rate)
were weekly determined, at the end of experiment weights of internal organs (liver,
kidney and bursa of fabricius) were determined and Blood samples were collected to
measured Ab titer against ND vaccine by ELISA test and to determined blood pictures
(RBCs, PCV, HB), The results of this study showed that body weight, weight gain,
blood pictures and Ab titers were highly significant increase (p<0.01) in G2 as
compared to control group followed by G3 and G1 respectively in all weeks. The
mortality rate was significantly decrease (p<0.01) in G1, G2 and G3. Whereas the
weights of internal organs (liver, kidney and bursa of fabricius) were significantly
increase in G3, G2 and GL1 respectively. In conclusion, the results indicated that all
levels of Boron supplemented diet of broiler chicken caused improvement of growth
performance, blood parameters, and without inhibition of the immunity response of

chicken against Newcastle disease vaccine.
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Introduction

Boron is the fifth element in the periodic table, it’s the only non metal in the group
I1A elements, but contain characters between those of metal and non metal(1). Boron is
ubiquitous in nature and its commonly found in soils, rocks and surface of ocean water
in the form of boric acid and inorganic borates(2). In nature B is found either bound to
oxygen or in the borate form, organic compound containing Boron bound to oxygen or
nitrogen groups are referred to as organoboron compounds these complex found in
plant, animal and human tissue (3). Since boron has not been consistently accepted as
an essential element for higher animals and plants, its importance in poultry nutrition
has been recognized only since the late 1980s were some functions and relation ships of
boron were suggested by Hunt and Nielsen (4) including improvement of the growth
rate, nutritional efficiency, calcium and phosphorus retention in broilers besides
reduction of vit. D deficiency symptoms (5). Boron play an important role in the
metabolism of cro-minerals in broilers, mainly calcium, improving the balance of the
mineral and bone fractures mainly in processing plants (6) Although boron is not
considered essential for poultry or most animals the inclusion of 2 ppm in poultry feed
was recommended by NRC (7) such suggestions are not present in the requirements for
poultry in 1994(8). Boron may be toxic in high doses, addition of 400 mg/L boron in
drinking water has been shown to inhibit the development of intestinal villi in Gushi
chickens(9). Also high doses of boron can cause damage of reproductive and digestive
organs, and high doses of boron (>200mg/l) could significantly inhibit the growth of
immune organs and even exhibit toxic effect but appropriate supplements of boron
(<100mg/l) could improve the growth of immune organs in broiler after 4 weeks (10).
thus, the purpose of this study was to investigate the effect of different levels of Boron
on growth performance, blood pictures, weight of internal organs and immune response
of broiler to Newcastle disease vaccine.

Materials and Methods

- Broilers Chicks: The experiment was done at the Poultry house at the department
of Veterinary Public Health, College of Veterinary Medicine-Baghdad University, after
cleaning and disinfecting, Feeders and water utensils were cleaned and disinfected, newly
hatched chicks of the Ross breed, were brought in good condition from Al-Gamieea
Hatchery-Baghdad-Abu-Ghraib. Chicks were vaccinated with NDV vaccine Lasota strain
(Intervet-Germany) by manual oral drench at 10 days old, and 20 days. The basal diet was
formulated for chicks according to National Research Council. Table (1) shows the
ingredients and calculated chemical analysis of this diet, Boron was weighted
individually and supplemented to diet in homogenous form.
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Table (1) Ingredients of feed used in this study

Constituents Percentages (%) of ingredients in D1
Wheat 34.2
Yellow corn 35
Soybean meal(45%protein ) 20
Animal Protein (40% protein) (Meat and bone meal) 10
Calcium (CaCo3) 0.7
Salt (NaCl ) 0.1
Total 100%

- Design of experiment: Boron powder was at the level (75,150, 250 mg/kg. feed)

was tested at first day to the end experimental period (35 days). A total of 120

chicks at age of one day old were divided randomly into four groups each group

have 30 chicks as follow:

Group 1: broiler fed boron (75 mg /kg. feed)

Group 2: broiler fed boron (150 mg/kg. feed)

Group 3: broiler fed boron (250 mg/kg. feed)

Group 4: Control chicks fed the basal diet no boron

Parameters included in this study:

e Live body weight: The weights of each group of chicks separately were taken at
weekly intervals by weighting chicks individually at the end of every week and the
total weights of all chicks were divided by the number to find the average weight of
the chicks in gram (11).

e Weekly body weight gain: The weight gains were calculated depending on the
difference in body weight between the beginning of the week and the end of it,
depending on the following equation:

Weekly body weight gain = Body weight at the end of the week - body weight at the

beginning of the week (11).

e Estimation of relative weights of liver, kidney, bursa weight to the total body
weight (relative weight): At the end of each experiment 15 birds were chosen from
each group randomly and there live weight was taken then slaughtered, and samples
from the liver, kidney, bursa were collected after slaughtered the chicks. Carcass
chicks were cleaned and weighted. The relative weight of each organ was measured
according to the following equation:

Weight of organ

Weight of live bird

- Blood sampling for Hematological tests: Blood samples were randomly collected
at the end of the experiment from (20) chicks from each group. The procedure of
blood collection was carried out by slaughter of chicks followed and blood samples
were taken to determine antibody titers against ND in blood serum by using ELISA
test (Synobiotics-USA), Total red blood cells counting (cell/ mm3), Total White Blood
cells counting (cell/mm®), Packed cell volume PCV% were measured by hemocytometer
method described by (13), also measured of Hemoglobin concentration (g/dl)(14).

- Statistical Analysis: The statistical Analysis System-SAS(15) program was used to
detect differences best different groups. least significant difference-LSD test was
used to significant compare between means in this study.

Results
The effects of boron supplemented in feed on the Body Weight (BW) and Weight
Gain (WG) of broilers are shown in Table (1) and in Table (2). The addition of boron
(75, 150, 250 mg/kg) to the diets caused a significant increased (p<0.01) in BW
compared to the control group for all weeks. The BW G2 was higher than that of

Relative weight of the organ (%) = X 100(12)
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chicken in G1 and G3 in all weeks except 4™ week showed significant differences, Also
there was a significant differences (p<0.01) between G3 and G1 in 3" and 5™ week. The
results of GW are presented in table (2) which revealed a significant increased (p<0.01)
in G2 compared to control group for all weeks, also G1 exhibited a significant increased
(p<0.01) in GW in comparison to control group for all weeks, except 3 week, while
G3 showed significant increased (p<0.01) relative to control group except 2™ and 4"
week. Mortality rate of chicken are shown in Table (3), the results revealed significant
differences between all groups in 1% and 2" weeks, while in 3" and 4™ weeks there was
a significant decreased (p<0.05) of mortality rate in groups supplemented with boric
acid compared with control group, also in 5™ week there was in significant decreased in
G2 and there was no mortality rate in Gland G3 compared with the control group. The
results of blood parameters are summarized in Table (4), G2 showed a significant
increased (p<0.01) in PCV%, RBCs and WBCs count and HB concentration followed
by G1 and G3 respectively, compared to control group Also, G1 revealed a significant
increase in PCV%, WBCs and RBCs number and HB concentration compared with
control group. While G3 showed a significant increase (p<0.01) in PCV%, RBCs,
WBCs count and HB concentration in comparison to control group and other groups.
The effect of boron supplementation in diet on the weight of internal organs are shown
in table (5) the weight of liver, kidney and bursa of fabricious are significantly increased
(p<0.01) in G3 and G2 compared with control and G1. while G1 showed a significant
increased (p<0.01) in weight of kidney and bursa of fabricious and in significant
increased in weight of liver compared with control group. The effect of B
supplementation on immune response of chicken against Newcastle disease vaccine
(ND) vaccine are presented in table (6). The results revealed a significant increased
(p<0.01) in Ab titers of G1, G2 and G3 as compared with control group, also there was
a significant differences (p<0.01) in G1 compared with G2 and G3, the best immune
response was seen in G1 followed by G2 and G3 respectively.
Table (1) Effect of boron supplemented in feed on body weight (g) of broilers

(MeanzSE)
Grou Mean + SE (gm)
P 1% week 2" week 3 week 4™ week 5™ week

Gl 154.80+5.52 386.40+12.55 | 728.60+9.47 1197.10+£74.25 1651.60+13.3
b b c a c

G2 147,80+2.63 426.00+5,53 812.50+3.86 1204.60+13.54 2083.40+13.38
a a a a a

G3 157.50+3.64 334.40+8.01 771.5045.61 1157.50+24.12 1957.20+£32.90
b c b a b

G4 142.00+4.38 312.80+2.95 639.10+1.97 982.40+3.41 1392.90+2.71
c d b b d

Small litters means significant differences (p<0.01) between groups

Table (2) Effect of boron supplemented in feed on gain weight (g) of broilers

(MeanzSE).
Grou Mean + SE (gm)
P 1% week 2" week 3 week 4™ week 5™ week

1 109.80+5.52 | 231.60+13.35 | 342.20+75.36 | 468.50+75.36 | 454.50+78.26
b a c a b

5 130.80+2.63 251.20+4.29 386.50+6.70 392.1046.70 | 878.80+31.70
a a b a a

3 115.50+3.64 176.90+8.47 437.10+12.77 | 386.00+23.72 | 799.70+39.93
b b c ab a

4 101.00+4.38 170.80+6.11 326.30+4.57 343.30+2.31 410.50+4.81
c c c b bc

Large litters means significant differences (p<0.01) between groups and small litters means significant
differences (p<0.05) between groups.

53



Al-Anbar J. Vet. Sci., Vol.: 7 No. (1), 2014 ISSN: 1999-6527

Table (3) Effect of boron supplemented in feed on Mortality percentage% of

broilers
Grou Mortality percentage%
P 1 week | 2" week 3" week 4™ week 5™ week
Gl 0.00 0.00 3.33 3.33 0.00
G2 3.33 0.00 0.00 3.33 3.33
G3 0.00 0.00 6.66 0.00 0.00
G4 0.00 0.00 9.99 6.66 3.33
Level of NS NS . * NS
significant
*(P<0.05).
Table (4) Effect of boron supplemented in feed on blood parameters of broilers
Grou Mean + Se
P (%) PCV RBCsx10° | WBCsx10® | Hb(g/dl)
29.88+0.38 2.40£0.01 | 19.74+0.08 | 10.84+0.03
G1
b c C c
a2 36.23+0.17 3.59+0.02 | 23.14+0.15 | 13.50+0.01
a a A a
28.94+0.26 2.61+0.03 | 20.87+0.02 | 11.74+0.04
G3
c b B b
28.99+0.14 2.3620.01 | 18.18+0.12 | 9.15+0.02
G4 c c D d

Small litters means significant differences (p<0.01) between groups

Table (5) Effect of boron supplemented in feed on relative weight (gm) of organs

Mean + Se (gm)
Group . . . Relative weight of Relative weight of bursa
Relative weight of liver Kidney of fabricius
Gl 3.22+0.04 0.855+0.01 1.13+0.01
C c c
3.65+0.02 0.956+0.01 1.25+0.001
G2
b b b
G3 3.73+0.02 1.08+0.01 1.52+0.02
a a a
3.05+0.05 0.760+0.013 0.877+0.02
G4 c d d

Small litters means significant differences (p<0.01) between groups

Table (6) Effect of boron supplemented in feed on antibody titers against ND
vaccine in broilers (MzSE).

GrouDs Mean + SE
P ND titer

G1 3553.48113.80
G2 4153.8;)18.81
G3 3393.2(:013.46
G4 3111.5d()12.86

Small litters means significant differences (p<0.01) between groups

Discussion

In the present study, the results showed that three levels of boron (i.e. 75,150 and
250 mg/kg) induced improvement of the growth by significantly increase of BW and
WG especially the addition of 150 mg/kg, followed by 75 and 250mg/kg. These results
are in agreement with other reports that found that boron supplementation had positive
effect on growth performance (16) who pointed out that 5 and 25 mg/kg B added to
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diets containing an adequate vitamin D3 caused a significant increase in body weight on
days 14 and 28 compared to the inadequate D3 diet which is not supplemented with
boron, in the same way, the same researcher have not observed any effect on growth in
laying hens supplemented with boron (50 to 200mg/kg) for 120 days (17) Eliot and
Edwards (18) stated that the body weight gains were not affected in broilers fed with
boron diets containing 0, 20, 40, and 80 mg/kg. By contrast, (19) reported that the body
weight significantly increased in broilers fed diet supplemented with 37.4 mg/kg for the
first 21 days of experiment as well as, in birds supplemented with 57 mg/kg boron
during the whole experimental period. While (10) showed that body weight and weight
gain significantly reduced by addition of 200 and 400 mg/kg. The discrepancies
observed among the different studies could be related to the use of various boron
sources or may be due to environmental experimental conditions. The positive effect of
boron on body weight and weight gain may be attributed to the role of boron on certain
metabolic processes of enzymes, minerals of chickens (20), boron supplementation
tended to increased bone ash and that there was a significant interaction between B and
vitamin D bodyweight gain(21). The result of effect of boron supplementation on blood
pictures showed that there was a positive effect on all parameters, it seems that also
could affected blood cell counts and composition because blood cell formation and
maturation are influenced by changes in cell membrane or kidney function or in calcium
metabolism (20). However, there were only limited data on blood cell variables affected
by boron supplementation in chicks or other animal spp, boron increase the response of
cell membrane of blood cell to erythropoietin and this hormone synthesized in the
kidney which plays a role in the maturation of red blood cell precursors in bone marrow
(22) for the mortality rate the addition of boron caused significant decreased of
mortality percentage of chicken, this result are in line with previous study (23, 24) this
can be attributed to the doses used in this study, as 75,150 and 250 mg/kg were tolerated
by the broilers because of boron is absorbed rapidly and virtually completely from
gastrointestinal tract and rapidly excreted (23), the weight of internal organs (liver and
kidney) influenced by boron supplementation and there was significant effect in the
weight of them and this result are in agreement with (25) who found that boron
supplementation at 10 and 20 ppm determined a significant effect on the liver weight,
also the weight of bursa and fabricius have positive effect by boron supplementation
and this result are in agreement with (10), The improvement of growth performance that
caused by addition of B in diet of chicken reflexed on the health status of the chicken
which enhance immune response of Newcastle vaccine, the significant increased of Ab
titers in the present study perhaps attributed that the addition of boron could obviously
improve the cellular and humeral immune response and immune function by enhance Fc
receptor, expression and interleukin-6 production of cytokines by increasing the y
production of tumor necrosis factor and interferon-y after a stress or disease challenge
(26), This result are in agreement with (10) who found that the supplemented with 100
mg/kg of boron by drinking could obviously promote boron thymus development of
chicken also found that higher boron (exceed 200 mg/litter) has inhibition and toxicity
effects on the growth and on the thymus development. In conclusion, this study have
shown that supplementation of 75,150 and 250 mg/kg of B in the feed of chicken cause
improvement of growth performance, blood parameters, and do not inhibition the
immune response of chicken against Newcastle disease vaccine.

55



Al-Anbar J. Vet. Sci., Vol.: 7 No. (1), 2014 ISSN: 1999-6527

8.

9.

10

11.

12.

13.

14.

15.

16.

17.

18.

Reference

. Devirian, T. A. & Volpe, S. L. (2003). The physiological effects of dietary boron.

Crit. Rev. Food Sci., 43:219-231.

. Vaziri, N. D.; Oveisi, F.; Culver, B. D.; Pahl, M. V.; Andersen, M. E.; Strong, P. L.

& Murray, F. J. (2001). The effect of pregnancy on renal clearance of boron
in rats given boric acid orally. Toxicol. Sci., 60:257-263.

Loomis, W. D. & Durst, R. W. (1992). Review: chemistry and biology of boron.
Biofactors, 3 :229-239.

Hunt, C. D. & Nielsen, F. H. (1981). Interaction between boron and cholecalciferol
in the chick. In: Trace Elements in Man and Animals-4 (McHowell, J.,
Gawthorne, J. H. & White, C. D., eds.), Australian Academy of Science,
Canberra, Australia, PP.597-600.

Kurtoglu, V.; Kurtoglu, F. & Coskun, B. (2001). Effect of boron supplementation of
adequate and inadequate vitamin D3-containing diet on performance and
serum biochemical characters of broiler chickens. Res. Vet., 71(3):183-187.

Rossi, A. F.; Miles, R. D.; Damron, B. L. & Flunker, L. K. (1993). Effects of dietary
boron supplementation on broilers. Poult.Sci.,72:2124-2130.

. NRC, National Research Council. (1984). Nutrients requirements of poultry.9™ ed.

Washington, D. C: National Academic press, P.71.

Hunt, C. D. (1994). The biochemical of physiologicamounts of dietary boron in
animal nutrition models. Environ. Health Persp., 102:35-43.

Wang, J.; Gu, Y. F.; Li, S. H.; Shang, C. F. & Chen, H. L. (2005). Effect of boron
toxicosis on jejunum development in broilers. Chin. J. Vet. Sci.,25:514-517.

. Jin, E. & Gu, Y. (2014). Effect of supplementation of drinking water with different

levels of boron on performance and immune organ parameters of broilers.
Italian J. Ani. Sci.,13:205-213.

Al-Zubayedi, S. S. A. (1986). Poultry management. First ed., the College of
Agriculture. Basra University. associated with the aflatoxin bio synthetic
pathway. Bioorganic Chemistry, 33: 426-438.

Allan, W. H.; Lancaster, J. E. & Tooth, B. (1978). Newcastle Disease Vaccines,
their production and use. Food and Agricultural Organization of the United
Nations, Rome. 45:32-40.

Campbell, T. W. (1988). Avian Hematology and Cytology. 1%ed. lowa State
University. Press. Amess. lowa, 1: 23-43.

Pierson, F. W. (2000). Laboratory techniques for avian hematology. In: Weiss, D. J.
and Wardrop, K. J., Schalm’s Veterinary Hematology. 5" ed. Wolters
Kluwer Company .Pennsylvania. USA., PP. 1145-1152.

SAS. (2012). Statistical Analysis System, Users Guide. Statistical. Version 9™ ed.
SAS. Inst. Inc. Cary. N.C.USA.

Kurtoglu, V.; Kurtoglu, F. & Coskun, B. (2001). Effects of boron supplementation
of adequate and in vitamin D3-containing diet on performance and serum
biochemical characters of broiler chickens. Res. Vet. Sci., 71:183-187.

Kurtoglu, V.; Kurtoglu, F.; Coskun, B.; Seker, E.; Balevi, T. & Cetinguli, S.
(2002). Effects of boron supplementation on performance and some serum
biochemical parameters in laying hens. Rev. Med. Vet., 153:823-828.

Eliot, M. A. & Edwards, H. M. (1992). Studies to determine whether an interaction
exists among boron, calcium and cholecalciferol on the skeletal
development of broiler chickens. Poult. Sci.,71:677-690.

56



Al-Anbar J. Vet. Sci., Vol.: 7 No. (1), 2014 ISSN: 1999-6527

19.

20.

21.

22.

23.

24,

25.

26.

Fassani, E. J.; Bertechini, A. G.; Brito, J. A. G.; Kator, K.; Fialhoe, T. & Geraldo,
A. (2004). Boron supplementation in broiler diets. Rev. Bras. Cienc. Avic.,
6: 213-217.

Yildiz, G.; Koksal, B. H. & Sizmaz, O. (2013). Effects of dietary boric acid
addition on growth performance, cholesterolemia, some carcass and tibia
characteristics in different rearing periods in broiler chickens. Revue Med.,
164(4):219-224.

Olgun, O.; Yazgan, O. & Cufadar, Y. (2012). Effects of boron and copper dietary
supplementation in laying hens on egg shell quality, plasma and tibia
mineral concentrations and bone biomechanical properties. Rev. Med. Vet.,
163:335-342.

Nielsen, F. H.; Mullen, L. M. & Nielsen, E. J. (1991). Dietary Boron Affects Blood
cell counts and Hemoglobin Concentrations in Humans. J. Trace Elements
in Exp. Med., 4:211-223.

Mizrak, C.; Yenice, E.; Can, M.; Yildirim, U. & Atik, Z. (2010). Effects of dietary
boron on performance, egg production, egg quality and some bone
parameters in laying hens. South Afr. J. Anim. Sci., 40:3.

Hoffman, D.; Sanderson, J.; Le Captain, J.; Cromatie, E. & Pendleton, G. W.
(1991). The effects of boron, Selenium and dietary protein on survival,
growth and physiology in mallard duckling. Arch. Environ. Con. Tox.,
20:288-294.

Lavinia, S.; Dan, D.; Sandu, S. D.; loaun, P.; Elena, P. & Eliza, S. (2014). Effect of
new mineral sources for boron supplementation on meat quality in broilers.
Romanian Biotetechnological Leters, 19 (4):9585- 9596.

Armstrong, T. A.; Spears, J. W. & Lloyd, K. E. (2001). Inflammatory response,
growth, and thyroid hormone concentrations are affected by long-term
boron supplementation in gilts. J. Anim. Sci., 79:1549-1556.

57



