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Abstract 

Boron is a known nutritional factor in calcium metabolism reflecting its importance in the 
development of the normal bone. Its presence and supplementation is extremely important given the fact 
that it interacts with pyridine, riboflavin, dehydro-ascorbic acid and pyridine nucleotides. Its biological 
relevance is also reflected by the wide distribution within the animal tissue and organs (0.05-0.06 ppm 
fresh weight). The purpose of this study was to assess the effect of boron (10-20 ppm) derived from two 
new, recently patented, mineral supplements (phosphate glass with boron and calcium fructo-borate) on 
broiler carcass and meat quality. 

Our results show that boron supplementation in broilers feed, in amounts of 10-20 ppm 
sourced from boric acid, boron phosphate glass and calcium fructo-borate did not significantly affected 
carcass yield percentage and commercial yield, carcass weight, chemical composition of the breast and 
thighs, nor the boron content of the liver compared to controls (no boron addition). Significant effects 
were obtained in terms of breast and boneless breast weight when 20 ppm boron from boron phosphate 
glass was supplemented to feed. Boron supplementation of the feed with 20 ppm from boric acid and 10 
ppm from phosphate glass determined a significant increase in liver weight (p <0.001), and when boron 
was supplemented at 20 ppm through phosphate glass the liver weight significantly increased (p<0.05) 
compared to control broilers with no supplementation. For all three boron sources a significant 
increase in the content of boron in the tibia at both levels of supplementation (10 and 20 ppm) was 
obtained. 

Boron supplementation of chicken broilers feed using two new mineral products (phosphate 
glass with boron and calcium fructo-borate) can provide a significant increase of boron content in 
breast and breast fillet and also have a significant improvement in the boron content of the tibia. 
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Introduction 
Since 1923, boron was considered an essential element for plants and by the early 

1980s, the concept of utility of boron in human nutrition has changed, experiments indicating 
that boron may become an essential element for humans (I.R. SCOREI & al. [1]). 

For poultry farms, though still not considered an essential element, boron is 
recommended in  (NRC, 1984 [2]) to a level of 2 ppm in the feed regardless of the category or 
type of poultry production. This recommendation has not been found in the latest standards 
for poultry (NRC, 1994 [3]). 

There is a number of experimental data presented in the literature, but there is still no 
practical definition of the actual position of boron and possibly nutritional requirements for 
poultry (C.D. HUNT & al. [4]). However, (E.J. FASSANI [5]) assumed that boron may 
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influence production bio-indicators. Thus, in a study which used six supplementation levels of 
boron (0, 30, 60, 90, 120 and 150 ppm) with boric acid as a source, the regression analysis 
indicated an ideal level of 37.4 ppm of boron for weight gain from 1 to 21 days (p<0.05) 
without affecting feed conversion (p>0.05). 

Numerous studies showed that boron plays an important role in macro-minerals 
metabolism in broilers, especially in that of calcium, improving mineral balance and bone 
mineralization, which reduces losses due to bone fractures mainly in processing plants (M.A. 
ELIOT & al. [6]). Other authors in this direction (F. KURTOĞLU & al. [7]) investigated the 
effects of dietary supplementation with 5 to 25 mg boron/kg together with small or 
appropriate quantities colecalciferol on the biochemical parameters, tibia characteristics, and 
peripheral blood lymphocytes in chicken broilers. They found out that supplementing the diet 
with boron affects the concentration of boron, zinc, and calcium in the tibia, but does not have 
any effect on the levels of iron and copper in the tibia or on the weight of the tibia and the 
conclusion was that boron affects the mineral metabolism of the animals influencing both the 
biochemical and hematological mechanisms. Some authors (A.F. ROSSI & al. [8]) also notes 
that the tibia ash percentage was higher in chicken group where boron was supplemented with 
300 ppm in the feed compared to the groups to which the addition of boron was 0, 60, 120, 
240 ppm. 

Given the established biological effects of boron in the body, namely as antioxidant 
(C.A. JANEWAY & al. [9]), influencing energy metabolism (A. BAKKEN & al. [10]) and 
mineral formation of bones and cartilages (C.D. HUNT [11]) can be appreciate that boron 
meets the requirements to be considered an essential trace element in poultry. 

When literature on boron was studied it was found that supplementation of this trace 
element both in food for humans or in feed for animals was done by using boric acid and/or 
its salts. 

Starting from the premise that supplementation source of boron may be a factor 
affecting the expression of trace elements in the body, in this paper we studied the effect of 
boron derived from two new-patented products on broiler carcasses and meat quality. For this 
purpose, boron was supplemented in broiler chickens using "phosphate glass with boron" and 
"calcium fructo-borate" with two levels of boron provision into the structure of compound 
feed. 

Phosphate glass with boron is a new form of chelate complexes in which inorganic 
polymers in form of condensed phosphates are used as chelating agents for metal ions, such as 
boron (D. DRINCEANU [12]). Fructo-borate calcium is a calcium complex, fructose and 
borate obtained through synthesis, also in a proprietary technology (I.R. SCOREI & al. [1]). 

Occurrence on mineral feed additives market of new products for boron 
supplementation in humans and animals, such as fructo-borate Ca (organic source of boron) 
and phosphate glass with boron (chelated source of boron) could bring into discussion the 
effects and provision levels of this trace element into broiler feeding. 

The aim of this paper is to establish the effects and provision levels of this trace mineral 
in broiler chickens. 
 
Material and Methods 

An experiment on 150 ROSS 308 broiler chicken, divided into five experimental 
variants, was carried out in order to assess the effect of different boron sources (boron 
phosphate glass, calcium fructo-borate) and levels on the meat and carcass quality, as follows: 

- V0 received a compound feed without boron supplement; 
- V1 received 20 ppm boron from boric acid, considered as “classic” source for this 

trace element; 
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- V2 received 20 ppm boron and V3 10 ppm boron from phosphate glass with boron, a 
Romanian patented product; 

- V4 received 20 ppm boron from calcium fructo-borate. 
The experiment was carried out during 42 days. Feeding was offered ad libitum during 

two rearing phases: 0 to 3 weeks and 4 to 6 weeks of age. The compound feed was formulated 
to provide the specific requirements of the broilers reared in intensive system. Table 1 
presents the structure and main nutritive characteristics of the compound feed, to which the 
mineral sources of boron were added. 

 
Table 1. Structure and main nutritive characteristics of the compound feed, to which the mineral sources of 
boron were added 

Item Period 
0-3 weeks 

Period 
4-6 weeks 

Corn (%) 54.18 60.26 
Soybean meal (%) 34 31 
Fish meal (%) 5 2 
Oil (vegetable fat) (%) 3.5 3.5 
Calcium Carbonate (%) 1 1 
Di-calcium phosphate (%) 0.8 0.8 
Salt (%) 0.25 0.25 
DL Methionine (%) 0.27 0.19 
Vitamin- mineral premix (%) 1 1 

Nutritional characteristics 
ME (kcal/kg feed) 3175 3212 
Crude protein (%) 22.26 20.16 
Lysine (%) 1.2 1.05 
Methionine + Cystine (%) 0.9 0.72 
Calcium (%) 1.01 0.8 
Total Phosphorus (%) 0.68 0.5 

 
Data in Table 1 show that during the first growth period the energy level of the 

compound feed was 3175 kcal metabolisable energy (ME), and the protein level was 22.26% 
crude protein (CP). During the second growth period the energy level of the compound feed 
was 3212 kcal ME, and the protein level 20.16% CP. Incorporation of the boron sources at 10 
and 20 ppm had no influence on the structure and nutritive value of the compound feed 
among the experimental variants. 

The effect of boron supplementation in the feed from three sources: boric acid, 
phosphate glass with boron, and calcium fructo-borate, at three levels: 0, 10, and 20 ppm in 
broilers was established on the base of the following indices: killing out percentage, 
commercial efficiency, carcass weight, percentage of different cuts, chemical composition of 
breast and thighs, weight of different internal organs, as well as the boron content of liver and 
tibia bone. 

For carcass analysis, 5 birds per experimental variant (whose weights are 
representative of the average weight of birds contained in each unit) were selected out. Birds 
selected for carcass analysis were slaughtered by cervical dislocation following 
exsanguinations, defeathered after scalding in warm water (Oluyemi and Robert, 2000 cited 
by (A. OSO & [13]). The defeathered carcasses were eviscerated manually following standard 
commercial procedures, weighed and dissected into cut parts following the standard 
description of the working method of dissection of poultry carcasses into its parts (Jensen 
1984, cited by (A. OSO & [13]). 



STEF LAVINIA, DRINCEANU DAN, STEF DUCU SANDU, PEŢ IOAN, PEŢ ELENA, SIMIZ ELIZ 
 

9588 Romanian Biotechnological Letters, Vol. 19, No. 4, 2014 

Chicken slaughter was performed under the law in force, respecting the provisions of Council 
Regulation (EC) [14]. 
The following parts were separated from the carcass: breast with bone and skin, legs, wings, 
offal and comestible internals (expressed as percentage from the live weight). 
The following indices were calculated: 
Carcass yield = carcass weight x 100/live weight 
Commercial yield = (carcass weight + comestible internals) x 100 / live weight 
Comestible internals = heart, liver, gizzard 
The chemical analysis in the lab of the feeds, breast and thighs was carried out using the 
following methods: 
Crude protein determination by Kjeldhal method SR EN ISO 5983-2:2009 
Crude fat determination by SR ISO 6492:2001 
Crude fiber determination by SR EN ISO 6865:2002 
Moisture determination by SR EN ISO 712:2010, SR ISO 24557:2010 
Crude ash determination by SR EN ISO 2171:2010 
Boron content of the liver and tibia bone was carried out by the method DCP-ASTM E 
1097/1993. 

Statistical treatment of data 
The results were verified statistically, including the mean ( ) and standard error of the mean 
(SEM) of the traits. Statistic analysis was performed with IBM SPSS software, using 
ANOVA test. The data analyzed using One-Way Analysis of Variance (ANOVA) with diet as 
the factor. The significance of difference between means was determined by Tukey`s posthoc 
test. 
 
Results and Discussion 

Carcass yield percentage and commercial yield. Results regarding these two indices 
are presented in Table 2. 
 
Table 2. Carcass yield and commercial yield in broilers from experimental variants compared to the control  

Dependent 
Variable 

Variable/ 
 ± S   Sig. 95% Confidence Interval

Upper Bound 

Carcass 
yield (%) 

V0 
76.03±0.693a 

V1 75.77±0.746a 0.745 2.6480 
V2 74.48±0.583a 0.415 1.7240 
V3 77.47±1.19a 0.968 3.9163 

V4 76.01±0.920a 0.798 2.8305 

Commercial 
yield (%) 

V0 
80.17±0.778a 

V1 80.49±0.810a 1.000 4.0471 
V2 79.08±0.718a 0.963 5.2303 
V3 81.70±1.403a 0.866 2.9628 
V4 80.27±1.063a 1.000 4.2158 

 ± S  - mean ± standard error 
a–a The mean difference is non-significant at the 0.05 level) (Tukey test) 
 

Carcass yield 
Chicken in V0 had a 76.03% carcass yield, while those from experimental variants 

where boron was supplemented showed a carcass yield percentage between 74.48% and 
77.47%. The differences between these values were not statistically assured (p>0.05). 

Similar results regarding the carcass yield in broilers was cited by (AHMET 
SEKEROGLU & al. [15]) recording a 74.59% carcass yield in experiments on ROSS 308 
broiler chicken. This value was close to values obtained in our experiment (74.48%-77.47%), 
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meaning that boron supplementation from different sources had no significant effect on 
carcass yield. 

In their researches (J. KORELESKI & al. [16]) obtained a carcass yield of 75.4%-
76.25%. These values are within the limits of the values obtained in our experiment and  (T. 
PATRA & al. [17]) obtained values between 68.37% and 72.39% of carcass yield in their 
experiments on broiler chicken, results that are comparable with those obtained in our 
experiment. 

Other authors (M. MENGESHA and S. ABDA [18]) feeding broilers a compound 
feed having similar nutritive characteristics, reported a carcass yield comparable with that 
obtained in our experiment, hat is 74.75%. 

Discussion presented above show that the carcass yield in broilers slaughtered in our 
experiment were situated within the literature limits, and the source and level of boron 
supplementation had no effect on this trait. 

Similar results were obtained when the commercial yield was analyzed. Thus, broilers 
in V0 had a commercial yield of 80.17%, while chicken in experimental variants had values 
for this trait between 79.08% and 81.70%. Differences between the control and experimental 
variants were statistically non-significant (p>0.05). 

 

 
Figure 1. Graphical representation of the carcass yield and commercial yield 

 
Even if the statistical analysis of the data regarding the carcass yield and commercial 

yield showed no significant differences according to the levels and sources of boron 
supplementation compared to the control variant V0, lower or higher differences were 
observed in the experimental variants. Thus, when boron was supplemented by phosphate 
glass with boron at 20 ppm, these indices were lower than in control variant, while when the 
boron was supplemented at 10 ppm from phosphate glass with boron (V3) these indices were 
1.9% higher than in control variant. 

Carcass weight and percentage of different cuts. Results are presented in Table 3. 
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Table 3. Carcass weight and percentage of different cuts in broilers from experimental variants 

Dependent 
Variable 

Variable/ 
 ± S  

Sig. 
P values 

95% Confidence Interval
Upper Bound 

Carcass 
weight (g) 

V0 
1781.00±20.9a 

V1 1797.00±17.5a 0.958 71.6402 
V2 1798.00±19.6a 0.949 72.6402 
V3 1811.00±1.08a 0.712 85.6402 
V4 1796.00±16.3a 0.967 70.6402 

Breast  
(% from the 
live weight) 

V0 
24.97±0.267a 

V1 26.78±0.302a 0.418 0.8669 
V2 25.70±0.307a 0.949 1.5734 
V3 28.14±0.788b 0.042 0.0114 
V4 26.10±0.474a 0.797 1.3112 

Boneless 
breast  
 (%from the 
live weight) 

V0 
21.29±0.370a 

V1 23.00±0.158a 0.155 0.3053 
V2 21.83±0.372a 0.933 1.1096 
V3 24.29±0.355c 0.005 -0.5649 
V4 22.51±0.388a 0.431 0.6383 

Thighs 
(%from the 
live weight) 

V0 
21.09±0.160a 

V1 21.29±0.248a 0.996 1.0792 
V2 21.72±0.422a 0.800 0.7842 
V3 21.12±0.215a 1.000 1.2002 
V4 21.75±0.283a 0.773 0.7632 

Wings (%from 
the live 
weight) 

V0 
8.15±0.045a 

V1 8.08±0.190a 0.998 0.9635 
V2 7.76±0.375a 0.577 1.3078 
V3 7.87±0.070a 0.820 1.1840 
V4 7.74±0.141a 0.562 1.3153 

Back and neck 
(%from the 
live weight) 

V0 
21.82±0.146a 

V1 19.21±0.173c 0.005 2.6845 
V2 19.30±0.311c 0.001 2.9150 
V3 20.35±0.127a 0.080 2.1550 
V4 20.41±0.409a 0.096 2.1172 

 ± S  - m weight mean ± standard error 
a–a The mean difference is non-significant at the 0.05 level (Tukey test) 
a–b The mean difference is significant at the 0.05 level (Tukey test) 
a–c The mean difference is significant at the 0.01 level (Tukey test) 
 

Compared to the carcass weight of control broilers of 1781.00 g, the carcass weight of 
experimental variants that were fed different levels and sources of boron were higher, from 
1796 g to 1811 g, but the differences were not statistically assured (p>0.05). 

Regarding the percentage of different cuts, one could observe that breast percentage 
in experimental variants was higher (25.7 to 28.14%) compared with breast percentage in 
broilers from control variant (24.97%). Values for breast percentage, between 24.06% and 
27.33%, close to those obtained in our experiment were reported by (T. PATRA [17]). 

The boneless breast percentage was higher in broilers from experimental variant V3 
(24.29%) compared to broilers in control variant (21.29%), the different being statistically 
significant (p<0.05). Compared to the control variant broilers in the other experimental 
variants (V1, V2, V4) had similar percentage of boneless breast, differences were statistically 
non-significant (p>0.05). Significant increase of the boneless breast percentage in V3 could be 
attributed to the increased muscle growth determined by the boron supplementation in the 
compound feed structure. 

Technological Guide of the ROSS 308 hybrid [19] anticipates a meat percentage of 
21.22% in breast from the live weight. Compared to this value, results obtained by boron 
supplementation from different sources were higher, the same trait varying between 25.7% 
and 28.14%. 
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In experiments carried out on broiler chicken (J. KORELESKI & al. [16])  obtained a 
percentage of the breast muscle between 25.4% and 26.5%, concluding that supplementing 
boron in the broilers diet determines an increased breast muscle. 

In research conducted (M. MENGESHA & S. ABDA [18]) reported a 20.46% breast 
percentage when a feed compound with similar nutritive characteristics was used. 

When the thighs percentage from the carcass weight was analyzed, differences 
between the control variant (21.09%) and experimental variants (21.12% to 21.75%) were not 
found statistically significant (p>0.05). 

Technological Guide of the ROSS 308 hybrid [19] anticipates a percentage of thighs 
from the live weight between 22.55% and 22.96%. Compared to these values the percentage 
of thighs was lower, between 21.12% and 21.75%.  

In case of wings percentage from the live weight, differences between the V0 (8.15%) 
and experimental variants (7.74% to 8.08%) were non-significant (p>0.05). 

A different story was found in comparing the back and neck percentage. 
Supplementing boron through different sources (boric acid, phosphate glass with boron) 
determines reduction of the back and neck percentage in live weight (19.21% to 20.41%) 
compared to control chicken V0 (p≤0.01). 

Weight of main internal organs, that is liver, gizzard and heart in broilers, I 
experimental variants is presented in Table 4. 

Figure 2 presents the percentage from live weight of the cuts that are significantly 
different compared to values found in the control variant (V0). This figure shows one more 
that boron supplementation in the broilers diet determines an increase of the breast 
percentage, especially the boneless breast, in the live weight; the highest values being 
observed when phosphate glass with boron were fed at 10 ppm level, e.g. 14.09% for boneless 
breast in V3. 

 

 
Figure 2. Percentage of cuts in broilers carcass weight 
 

Regarding the percentage of back and neck in the live weight, this was lower in all 
experimental variants supplemented with boron, especially when boron was added at 20 ppm 
level from the diet by using the phosphate glass with boron (V2). 
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Table 4. Weight of main internal organs in broilers from experimental variants 
Dependent 
Variable 

Variable/ 
 ± S  Sig. 95% Confidence Interval 

Upper Bound 

Liver 
(% from the 
live weight) 

V0 
1.75±0.033a 

V1 2.40±0.023d 0.000 -0.4972 
V2 2.27±0.327d 0.000 -0.3697 
V3 1.92±0.056b 0.022 -0.0222 
V4 1.90±0.019a 0.056 0.0028 

Gizzard  
(% from the 
live weight) 

V0 
1.83±0.045a 

V1 1.72±0.019a 0.140 0.0379 
V2 1.79±0.052a 0.525 0.1054 
V3 1.75±0.043a 0.263 0.0654 
V4 1.82±0.052a 0.714 0.1329 

Heart 
(% from the 
live weight) 

V0 
0.55±0.018a 

V1 0.58±0.036a 0.961 0.1357 
V2 0.53±0.040a 0.567 0.0757 
V3 0.54±0.023a 0.716 0.0907 
V4 0.54±0.026a 0.669 0.0857 

 

 ± S  - mean ± standard error 
a–a The mean difference is non-significant at the 0.05 level (Tukey test) 
a–b The mean difference is significant at the 0.05 level (Tukey test) 
a–d The mean difference is significant at the 0.001 level (Tukey test) 
 

Liver weight was influenced by boron supplementation in the diet. Thus, boron 
supplementation at 20 mg/kg compound feed by using boric acid determined an increase of 
liver weight to 2.4 g/100 g live weight compared to 1.75 g in V0. This difference was 
statistically significant (p<0.001). Supplementing boron by using phosphate glass with boron 
at 10 mg/kg compound feed determined an increase of liver weight to 2.27 g/100 g live 
weight compared to V0, difference that was statistically significant (p<0.001). Increasing the 
boron level at 20 ppm (V3) from the same source determined an increased weight of the liver 
(1.92 g) compared to V0 (1.75 g), difference being statistically significant (p<0.05). 

Following research (J. KORELESKI & al. [16]) obtained lower liver weights in 
broilers compared to our results, from 2.01% to 2.03%. A higher liver weight obtained in our 
experimental variants could be determined by the boron supplemented in the compound feed 
for broilers. 

By other authors (A. SEKEROGLU & al. [15]) the liver weight at 42 days of age in 
ROSS 308 hybrids was 1.99 g/100 g live weight. Compared to this value, the liver weight in 
broilers that had no boron supplement in their feed was lower (1.75 g), while in broilers that 
boron supplement was present in their feed had a higher liver weight, between 2.27 and 2.40 
g/100 g live weight. A similar liver weight was obtained by (M. MENGESHA & S. ABDA 
[18]) when feeding a diet with similar nutritive characteristics. 

A. YILDIZ ONDER A. & al. [20] found that supplemental boron affected liver weight 
and bone boron concentration (p<0.05). 

In V0 chicken the gizzard weight was 1.83 g/100 live weight. In experimental variants 
chicken, the values for this trait were close, varying between 1.72 and 1.82 g/100 live weight. 
Differences between the control and experimental variants were not statistically significant 
(p>0.05). 

The same situation could be observed for heart weight. Thus V0 chicken had a heart 
weight of 0.55 g / 100 g live weight, while chicken from experimental variants had close 
values, between 0.53 and 0.58 g. Differences between variants were small and statistically 
non-significant (p>0.05). Following research (J. KORELESKI & al. [16]) obtained a heart 
weight ranging between 0.457 and 0.488 g / 100 g live weight, value that was close to those 
obtained in our experiment (from 0.53 to 0.58 g). 
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Therefore, we could state that gizzard and heart weight in broilers raised in our 
experiments was close to the values cited in literature, while the source and level of boron 
supplementation had no significant influence on these indices. 

Chemical composition of the breast and thighs is presented in Table 5 and 6. 
Dry matter (DM) content of the breast muscle (Table 5) in V0 chicken (28.16%) was 

lower compared to experimental variants chicken receiving supplemental boron in their diets 
(from 28.45 to 28.63%), but these differences were statistically non-significant (p>0.05). 
Also, the crude ash content of the chicken breast in V0 (1.44%) was lower than in chicken 
from experimental variants (from 1.45% to 1.66%), but these differences were non-significant 
(p>0.05). Crude protein content of the chicken breast in V0 (24.85%) was lower than that of 
experimental variants (from 24.94% to 25.13%). Differences for crude protein content of the 
breast were statistically non-significant (p>0.05). 
 
Table 5. Chemical composition of the breast in experimental chicken 

Dependent 
Variable 

Variable/ 
 ± S  Sig. 95% Confidence Interval

Upper Bound 

Dry Matter 
(%) 

V0 
28.16±0.013a 

V1 28.63±0.317a 0.990 1.2712 
V2 28.48±0.222a 0.970 1.1232 
V3 28.53±0.378a 0.979 1.1692 
V4 28.45±0.253a 0.964 1.0952 

Crude Ash 
(%) 

V0 
1.44±0.134a 

V1 1.59±0.092a 0.981 0.4648 
V2 1.66±0.102a 0.995 0.5328 
V3 1.45±0.030a 0.809 0.3188 
V4 1.54±0.095a 0.950 0.4108 

Crude 
Protein (%) 

V0 
24.85±0.170a 

V1 25.13±0.232a 0.940 1.3522 
V2 25.04±0.265a 0.908 1.2602 
V3 25.11±0.395a 0.934 1.3322 
V4 24.94±0.476a 0.860 1.1622 

Crude Fat 
(%) 

V0 
1.42±0.030a 

V1 1.41±0.029a 0.769 0.0976 
V2 1.39±0.040a 0.543 0.0736 
V3 1.45±0.026a 0.962 0.1376 
V4 1.43±0.026a 0.896 0.1176 

 ± S  - mean ± standard error 
a–a The mean difference is non-significant at the 0.05 level (Tukey test) 

 
Crude fat content of the breast in V0 chicken was very close to that found in 

experimental variants chicken (from 1.39% to 1.45%), differences being low and statistically 
not significant (p>0.05). 

In their studies (R. BĂLĂU and I. VACARU-OPRIS [21]) obtained the following 
chemical composition of the chicken breast: crude protein 23.11-23.79%, crude fat 0.75-
0.98%, crude ash 1.02-1.03%. These results were similar to our findings. 
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Table 6. Chemical composition of the thighs in experimental chicken 
Dependent 
Variable 

Variable/ 
 ± S  Sig. 95% Confidence Interval

Upper Bound 

Dry Matter 
(%) 

V0 
28.65±0.262a 

V1 28.77±0.230a 0.884 1.065 
V2 28.53±0.415a 0.698 0.8271 
V3 28.61±0.205a 0.768 0.9031 
V4 28.37±0.387a 0.522 0.6631 

Crude Ash 
(%) 

V0 
1.49±0.042a 

V1 1.51±0.023a 0.862 0.1879 
V2 1.45±0.061a 0.563 0.1279 
V3 1.59±0.044a 0.991 0.2739 
V4 1.54±0.084a 0.939 0.2179 

Crude 
Protein (%) 

V0 
21.10±0.450a 

V1 21.06±0.532a 0.781 1.519 
V2 20.97±0.483a 0.731 1.425 
V3 20.82±0.423a 0.644 1.281 
V4 20.82±0.423a 0.525 1.101 

Crude Fat 
(%) 

V0 
5.46±0.227a 

V1 5.61±0.214a 0.919 0.8469 
V2 5.59±0.209a 0.908 0.8289 
V3 5.70±0.263a 0.958 0.9369 
V4 5.69±0.146a 0.957 0.9329 

 ± S  - mean ± standard error 
a–a The mean difference is non-significant at the 0.05 level) (Tukey test) 
 

Regarding the chemical composition of the thighs, this was not significantly 
influenced by boron supplementation of the compound feed. Thus, DM content of thighs in V0 
broilers (28.65%) was close to the values obtained in broilers from the experimental variants 
(from 28.37% to 28.77%), and the differences were not statistically significant (p>0.05). 
Values for crude ash content were very similar for broilers in experimental variants, between 
1.45 and 1.54%, while the ash content of thighs in V0 broilers was intermediate, 1.49%. 
Differences between the control and experimental broilers for ash content of thighs were 
small and statistically non-significant (p>0.05). Neither the CP content was not significantly 
affected (p>0.05) by the boron supplementation of the feed in broilers, thus V0 chicken had 
21.1% CP in thighs and experimental chicken had a CP content between 20.82 and 21.06%. 
The same situation was observed for crude fat content of thighs. Chicken from V0 variant had 
5.46% crude fat content in thighs, while chicken in experimental variants had a value ranging 
from 5.59 to 5.70%. Differences between variants were non-significant (p>0.05). 

Boron content of the liver and tibia bone, collected from the chicken in the five 
experimental variants are presented in Table 7. 

 
Table 7. Boron content of the liver and tibia bone 

Dependent 
Variable 

Variable/ 
 ± S  Sig. 95% Confidence Interval 

Upper Bound 

Liver (ppm) 
V0 

3.20±0.227a 

V1 3.30±0.187a 0.878 0.9361 
V2 3.45±0.196a 0.950 1.0861 
V3 5.54±0.245a 0.973 1.1811 
V4 3.53±0.359a 0.971 1.1686 

Tibia (ppm) 
V0 

11.89±0.494a 

V1 14.62±0.532b 0.015 -0.4643 
V2 15.41±0.567c 0.002 -1.2493 
V3 14.68±0.317b 0.013 -0.5193 
V4 14.80±0.628c 0.009 -0.6368 

 ± S  - mean ± standard error 
a–a The mean difference is non-significant at the 0.05 level (Tukey test) 
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Adding the boron in the broiler chicken feed, using different sources, had no 
significant influence on the boron content of the liver (p>0.05). Thus, the liver of V0 chicken 
had a boron content of 3.2%. The liver of experimental variants chicken had a boron content 
between 3.3 and 3.54%, values that were higher than in V0 chicken, but statistically non-
significant (p>0.05). 

Other authors (A. YILDIZ ONDER. & al. [20]) reported that boron supplementation 
at levels of 5, 10, 20, and 40 ppm through boric acid had no effect on the killing out 
percentage, boron concentration in liver and ash content of the bones. 

Regarding the boron content of the tibia bone, adding the boron in the feed using the 
boric acid (V1) at 20 ppm determined a boron accumulation in the tibia bone of 14.62 ppm, 
concentration significantly higher (p<0.05) than the boron content of tibia in V0 chicken 
(11.89 ppm). Adding the boron as phosphate glass with boron at 20 mg / kg compound feed 
(V2) determined a boron accumulation in tibia bone of 15.41 ppm, value significantly higher 
(p<0.01) than accumulation in the tibia of V0 chicken. Reducing the boron level in feed, from 
the same source (V3), to 10 mg / kg compound feed determined a boron content of the tibia 
bone of 14.68 ppm, value significantly higher (p<0.05) than that observed in V0 chicken. The 
same phenomenon was observed when the calcium fructo-borate was used as boron source 
(V4), at 10 mg/kg compound feed, tibia bone content of boron increasing to 14.8 ppm, value 
that was significantly higher (p<0.01) than that observed in V0 chicken. 
 
Conclusion 
 
 Supplementing boron at 0, 10, and 20 ppm using boric acid, phosphate glass with 
boron and calcium fructo-borate as sources had no significant influence on the killing out 
percentage, as well as the commercial efficiency. The same factors had no significant effect, 
either, on the carcass weight of broilers, thighs and wings percentage, and heart and gizzard of 
the broilers. Also, there were no significant differences regarding the chemical composition 
(DM, ash, CP, crude fat) of the breast and thighs of broilers, following boron supplementation 
in the chicken feed. Introduction some boron sources in the chicken feed determined a 
significant increase (p<0.05) of the boneless breast, when the boron was added at 10 ppm 
from phosphate glass and a significant decrease (p<0.05) of the back and neck proportion of 
the carcass in all experimental variants, especially when the boron level was supplemented by 
phosphate glass with boron at 20 ppm. Boron supplementation increased the liver weight in 
all experimental variants, the most significant increase being observed at 20 ppm boron 
supplementation using boric acid and phosphate glass as sources. Supplementing boron in 
chicken feed, both at 10 and 20 ppm, from all the three sources (boric acid, phosphate glass, 
and calcium fructo-borate) significantly increase the boron content of tibia bone, re-
confirming this trace mineral intervention in the mineral metabolism of bones in broiler 
chicken. 
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