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Introduction: A significant challenge in the poultry industry is reducing soy
consumption in commercial diets by substituting it with alternative vegetable and animal
protein sources (Adeola et al., 2018). The imbalance between supply and demand for soy
and the lack of alternative feed ingredients with a similar amino acid profile have limited
these substitutions (Anwar et al., 2016). Due to recent soybean supply issues, efforts have
been made to explore new protein sources for poultry feed, including animal proteins like
meat meal (Ravindran et al., 2002; Adeola et al., 2018), fish meal (Anoh and Akpet, 2013),
feather meal (Hasni et al., 2014), insect larvae, and soldier flies (Igbal et al., 2019). Recently,
gelatin from bone has emerged as a protein and organic phosphorus source, usable in raw,
liquid, or dried forms in poultry diets (Alipal et al., 2021). However, the characteristics of
bovine bone broth powder (BBP), such as metabolizable energy, amino acid digestibility,
and protein quality, have not been thoroughly evaluated. This research aimed to address
some needs of the broiler industry by investigating the impact of adding BBP to diets on
growth performance, blood parameters, and tibia mineralization in broiler chicks.
Additionally, BBP production is seen as a promising strategy to mitigate the environmental
impact of bone waste.

Materials and Methods: The complete skeleton and air-dried bones of cows
(excluding skull bones), free of soft tissues, were collected for processing. These bones were
placed in an extraction pot, sealed, and boiled at a pressure of 1 bar and a temperature of
130°C for 8 h. The resulting liquid was processed into bovine bone broth powder (BBP)
with 20% dry matter using a disk model spray dryer with a capacity of 1.5 tons per h. The
chemical composition of the BBP was analyzed. Additionally, in a separate unpublished
study, the metabolizable energy and ileal digestibility of amino acids in BBP were assessed.

The metabolizable energy and nutrient composition of the main diet ingredients (corn and
soybean meal) were determined using near-infrared reflection (NIR) spectroscopy. These
results were used to formulate the experimental diets. Three independent experiments were

conducted in different age periods: 1-10 d (first trial), 11-24 d (second trial), and 25-42 d
(third trial). Each trial involved 240 one-day-old Ross 308 broilers, randomly assigned to 4
experimental treatments, each with 6 replicates of 10 birds in a completely randomized
design. In the second and third trials, birds were fed a commercial diet until 10 and 24 days
of age, respectively, before starting the nutritional treatments. The experimental diets

consisted of:1. Basal diet, 2. Diet with 2% BBP, 3. Diet with 4% BBP, 4. Diet with 6% BBP.
Diets were formulated according to the 2019 recommendations for the commercial Ross 308
strain. Data from the experiments were statistically analyzed using the GLM procedure in
SAS software version 9.4. The effects of BBP levels were assessed using regression analysis
for linear and quadratic effects, and means were compared using Tukey's test at a
significance level of P < 0.05.
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Results: The study found that incorporating 2% BBP in the diet significantly increased
daily weight gain in the second and third trials compared to the control group, although
higher levels reduced this effect. During the starter period, feed consumption in the BBP
groups was significantly higher than the control. Specifically, the group receiving 4% BBP
consumed more feed in the first and second trials than the control, while the other groups
showed no significant difference. The feed conversion ratio was significantly lower in the
second and third trials for groups receiving 2% or 4% BBP compared to the control, but it
was higher for the 6% group. Regarding blood parameters, the BBP at the level of 2% of the

diet significantly reduced the blood phosphorus concentration of the birds in the starter
period compared to the control treatment; But the difference between the 4 and 6% with the
control treatment was not significant. The BBP significantly increased blood phosphorus
concentration in the grower period in all three levels compared to the control. The BBP
significantly increased the blood LDL-c concentration in the finisher period compared to
the control treatment. The BBP at all three levels used significantly increased the blood iron
concentration in the grower period compared to the control. The effect of treatments on the
concentration of minerals in tibia bone ash, including calcium, phosphorus, zinc and
manganese, was not significant in any of the rearing periods.

Conclusion: Broilers exhibited optimal growth performance with up to 4% inclusion
of BBP in their diet. However, when the BBP level reached 6%, growth performance
declined. An increase in BBP also led to reduced feed consumption. Additionally, a diet
containing 6% BBP resulted in higher cholesterol and LDL-c levels, as well as increased
mineral concentrations in serum and tibia. Overall, based on these findings, it is
recommended to include BBP in broiler diets at a maximum of 4%.
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Table 1. Chemical analysis of main ingredients used in all the three experiments
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Moisture
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Total phosphorus
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Table 2. Ingredients and chemical composition of basal diets in different growing periods of broiler chicks; as-fed basis

STy sl (S35 )1+) gl tales] (S350 WY pyd iale] (553 YOKY) py o]
Feed ingredients First trial (1-10 d) Second trial (11-24 d) Third trial (25-42 d)
é(;:n 49.17 53.09 5582 57.64 52.15 58.74 62.16 63.9 56.44 62.64 66.57 69.59
(Ac\c) by s 42,15 3854 347 3171 38.7 3428 29.81 26.45 34.07 3041 25.63 20.99
Soybean meal (44%)
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Bovine bone broth 0.00 2.00 4.00 6.00 0.00 2.00 4.00 6.00 0.00 2.00 4.00 6.00
powder

kg C‘&”_ 4.20 2.15 117 0.31 5.19 1.52 0.44 0.00 5.93 1.68 0.56 0.00
Soybean oil
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Q‘ : 141 1.2 1.18 1.16 131 0.95 0.93 0.91 1.01 0.9 0.87 0.85
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Common salt

e Ol Sy

Sodium 0.15 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.14 0.25 0.1 0.1
bicarbonate

“’WW_JUJ 0.35 0.36 0.38 0.4 0.29 0.32 0.35 0.37 0.27 0.29 0.33 0.36
DL-methionine

JQ)K”M o=J 0.20 0.06 0.09 0.09 0.13 0.02 0.08 0.09 0.1 0.03 0.09 0.15
L-lysine HCI

C”'j’j;_ﬁ’” 0.12 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.06 0.00 0.00 0.00
L-threonine

AR g

wug . 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25
Vitamin premix!

A

e J 0.25 0.25 0.25 0.25 025 025 025 025 025 025 025 0.25

Mineral premix?
(0 duwlne )  olowd uS 5 Chemical composition (%; calculated)

e plio BB (351

(p,55kS /?S’J Kks) 3000 3000 3000 3000 3100 3100 3100 3100 3200 3200 3200 3200
Metabolizable

Energy (Kcal/Kg)

|t

P> omn 2300 2300 2300 23.00 2150 215 215 215 195 195 195 195
Crude protein

o 0.96 0.96 0.96 0.96 0.87 0.87 0.87 0.87 0.79 0.79 0.79 0.79
Calcium

u»)i‘.” JB yid 0.48 0.48 0.48 0.48 0.43 0.43 0.43 0.43 0.395 0.395 0.395 0.395
Available Phosphorus

rw-m 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17
Sodium

“’ww . 0.51 0.7 0.7 0.7 0.47 0.55 0.58 0.59 0.43 0.45 0.46 0.47
Methionine

Methionine + 0.95 1 1 1 0.87 0.92 0.93 0.94 0.8 0.83 0.84 0.85
Cystine

u))J 1.28 1.32 1.32 1.32 1.15 1.18 1.18 1.18 1.03 1.08 1.09 1.09
Lysine

‘}"5”5_ 0.86 0.88 0.88 0.88 0.77 0.81 0.82 0.82 0.69 0.75 0.75 0.75
Threonine
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IProvided per kilogram of diet: Vitamin A, 12500 1U; vitamin D3, 5000 IU; vitamin E, 80 IU; vitamin Ks, 3.2 mg; vitamin By,, 0.02 mg;
thiamin, 3.2 mg; riboflavin, 8.6 mg; niacin, 62.5 mg; folic acid, 2.2 mg; biotin, 0.25 mg; pyridoxine, 4.9 mg; pantothenic acid, 18.5 mg.
2Provided per kilogram of diet: Zn, 110 mg; Mn, 120 mg; Se, 0.30 mg; | 1.25 mg; Cu, 16 mg; Fe, 20.2 mg.
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Table 3. The effect of different levels of bovine bone broth powder (protein supplement) on growth
performance, blood serum metabolites and tibia attributes of broiler chicks in first trial (1-10 d)

() oy 5> plozenl B)las y5 O Sy Slaglie
s oo Bone broth powder in diet (%) SEM? P- Regression contrasts
Variables 0 5 . 6 value® s pgd 4>
Linear  Quadratic
._\413) .))Slo.c
Growth performance
Oj9 ol
€loss o] 14.50 16.02 15.33 1473 0558 0.248 0.082 0.07
(psST0x5 0l 555)
Weight gain (g/bird/d)
Slygd B o
£losso 24.06° 25.67% 2692 24.67° 0.194 0.001 0.063 0.720
(P10 5/ 3))

feed intake (g/bird/d)

he s el 1.800 1628 1627 1.681 0.053 0107 0.021 0.043
Feed conversion ratio

09> P slacdglie
Blood serum metabolites

A



2 S ke) JS Jg s’
()“Ju“’b 165.00 168.01 173.21 183.05 13.78 0.811 0.367 0.443

Cholesterol (mg/dl)

Vb &dls b (59 gudd
(s 1 S okee) 6411 7203 6812 6638 3233 0803 0553 0.734

HDL-c (mg/dI)

Ol s b (159 00
(o> 52 ps5 so) 65.15 6724 6511 69.47 6.467 0844  0.566 0.576

LDL-c (mg/dl)

2 PS5 o) pandS
(i o> 9.48 10.00 10.01 10.50 0.267 0.118 0.153 0.431

Calcium (mg/dl)

2 S she) s
(s 598 558 6370  6.67° 0251 0034 0741 0.860

Phosphorus (mg/dl)

= w)a 0197"“““ ol L;Lmua.&hf}
Tibia attributes

(M’?) > 0.94 0.94 0.76 1.28 0.154  0.157 0.038 0.083
Calcium (%)

(1052) st 0.42 0.51 0.54 067 0084 0238  0.067 0.133
Phosphorus (%)

(PSS 2pSkel 9 g9 935 1274 1144 1838 0142 0301 0213
Zinc (ppm)
2 PS5 o) 55
(55 09 024 023 024 0034 0665 0954  0.789

Manganese (ppm)

= = . ]
(P neSka) o2l 557 gas 673 856 1344 0341 0079 0.073
Iron (ppm)
(P<0.05) 13l o 3 e BMS] (g)ls S yitio o gy b cisd) o (gl Silin 2 £ 0 sine Jloin] o =¥ tla 5, Kilio 3ylnikil (gllas :SEM Y
2- SEM: standard error of means; 3- the level of significant probability; **: Means within same row with different superscripts differ
(P<0.05).
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Table 4. The effect of different levels of bovine bone broth powder (protein supplement) on growth
performance, blood serum metabolites and tibia attributes of broiler chicks in second trial (11-24 d)

() oy > plysl )las )35 OgeyS ) Slaslie
L poiio Bone broth powder in diet (%) SEM2 P- Regression contrasts
Variables 0 ) A 6 value® s po> 43y
Linear  Quadratic
by 3 ySles
Growth performance
(?)s_/°'\5)’*/5_9’) O}9_‘J£*'|}B‘ 50.79® 52.61* 50.03* 44.84° 0.916 0.001 0.001 0.001
Weight gain (g/bird/d)
Slygd B o
(£,510%5 1/ 35,) 70.51° 7433 76.07* 72.77® 1.089 0.012 0.001 0.003

feed intake (g/bird/d)

He i ceps 1578 1.493° 1.483° 1645 0036 0027  0.072 0.164
Feed conversion ratio

O pro slidplia
Blood serum metabolites

2 pSude) IS Jgals
(s o3 169.17 17203 17508 17823 9.866 0.856  0.443 0.391

Cholesterol (mg/dl)

Y &y b (59 e
(dowd 2 )5 o) 65.04 69.12 69.24 64.11 4.438 0.482 0.881 0.631

HDL-c (mg/dl)
ol Al b (pg 90

(s 2 pyS ko) 62.33 62.83 6550 69.50 5.227  0.758 0.979 0.735
LDL-c (mg/dl)
2 5 ko) el
(il 00 9.91 10.22 1095 1027 0.283  0.796 0.537 0.458

Calcium (mg/dl)

(o> 2 pSke) i cose G300 28 6722 0265 0001  0.006 0.061
Phosphorus (mg/dl)

= Cadyd Olw' ol dl.mua.&u
Tibia attributes

(12)9) oS 284 384 385 320 0443 0467  0.857 0.904
Calcium (%)
(2052 ot 148 161 198 171 0232 0502  0.801 0.879
Phosphorus (%)

(pSokS 3 pSke) g5, 3201 3305 4600 37.11 4873 0178  0.418 0.380



Zinc (ppm)

(pSshS 2 pShe) 55 040 062 048 063 086 0284  0.673 0.814
Manganese (ppm)

= = . ‘i
(P55 neSka) 02l 91000 25022 27141 2625 3471 0008 0050 0031
Iron (ppm)
(P<0.05) sib oo o gne BMBT (gl)ls S jiiio e Bgys b cdy jo (slo Sl B¢ 65 e Jloin | prdans =Yt Slo 5 )laikil gllas :SEM -
2- SEM: standard error of means; 3- the level of significant probability; **: Means within same row with different superscripts differ
(P<0.05).
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Table 5. The effect of different levels of bovine bone broth powder (protein supplement) on growth
performance, blood serum metabolites and tibia attributes of broiler chicks in third trial (25-42 d)

() oy o plyesl 8)las )35 09 S ) Slaslia
[FYWEH Bone broth powder in diet (%) SEM2 P- Regression contrasts
Variables 0 . A 6 value* L pgd 4> )
Linear  Quadratic
Ly 2 ySles
Growth performance
0j9 ol
(p,510%5 5/ 35,) 78.19  86.14° 84.54® 79.85° 2428  0.019 0.005 0.002
Weight gain(g/bird/d)
(2,510 5/ 39)) 120.87 122.31 120.74 11577 1.898  0.079 0.900 0.372

feed intake (g/bird/d)

GHEd s e qap7e 14105 1614° 0039 0025 0.002 0.002
Feed conversion ratio

09 ey Scyglie
Blood serum metabolites

2 e ko) JS Jgyds
(o> 14083 14917 147.00 15433 1158 0.115  0.458 0.667

Cholesterol (mg/dl)
YU dipidly b (59 092

(Pl 2 pyS )

64.33 70.83 68.00 65.67 5500 0.866 0.418 0.420
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HDL-c (mg/dI)

Ol Beld b (g ond
Z b b
(s 32 pS o) 55.33¢° 56.50" 59.67 60.50? 5.280 0.044 0.439 0.718

LDL-c (mg/dl)

2 PS5 o) pandS
()“Ju“’) 10.00 10.30 10.15 10.22 0.294 0.557 0.337 0.362

Calcium (mg/dlI)

2 25 o) yiud
() 6.43 6.75 6.88 6.43 0266 0545  0.164 0.156

Phosphorus (mg/dl)

S Cudyd ezl sla asls
Tibia attributes

(10,9) oS 4.05 5.06 5.11 523 0368 0911 0.786 0.670
Calcium (%)
(1052 ot 2.42 2.65 271 273 0188 0910 0924 0.801
Phosphorus (%)

(PSS 2pSkel 9 4211 4523 4298 4751 3550 0469 0114 0137
Zinc (ppm)
2 PS5 o) 55
(5oL 081 086 095 105 0107 0425 0107  0.126

Manganese (ppm)

= = . ]
(pskS neSka) 02l 4337 4497 4700 4522 4001 0923 0728 0.663
Iron (ppm)
(P<0.05) arsb o i sine M ghyls S yitie i gy b o)y slaeysSilin 2 ¢ )l stnn Jloin] grdans =1 tla uSilio 5, lilinl (sllas :SEM ¥
2- SEM: standard error of means; 3- the level of significant probability; **: Means within same row with different superscripts differ
(P<0.05).
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