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Introduction 

Materials and methods 

•1,000 fertile Cobb® eggs 

•Distributed by weight in five incubators (200 eggs each).  

•Trataments: eggs without AA injection and incubated at 37.5° C; eggs 

without AA injection and incubated at 39° C and eggs injected in ovo of 6 

µg of AA/100 µL of water prior to  incubation and incubated at 39ºC. 

•Growth phase: three different temperatures: cold, thermoneutral and hot.  

•Mineral composition, bone density and and bone area were measured for 

both the femur and the tibia 

•General Linear Model procedure of the SAS® program and the means 

were compared by Tukey test at 5% probability. 

Objectives 

An experiment was conducted to evaluate the effect of ascorbic acid 

(AA) injection on broiler bone development when subjected to heat stress 

during incubation and creation.  

References 

With respect to the tibia, the lowest value of the diaphyseal mineral 

density was observed for chickens raised in the hot temperature. Again, 

there was significant interaction between the incubation treatments and 

the growing temperatures for the mineral density of the proximal tibia and 

distal epiphysis (P<0.05).  

Lower mineral density was observed in the proximal epiphysis of 

chickens from eggs injected with AA, incubated at 39° C and raised in 

either hot or cold temperatures. This was also true for chickens from eggs 

not injected with AA and incubated at either 37.5° C or 39° C but grown at 

thermoneutral temperature.  

For the distal epiphysis, the lowest values were observed for chickens 

from AA injected eggs and incubated at 39° C, then reared in either 

thermoneutral or hot temperature. The hot incubation temperature 

negatively influenced the bone characteristics of broilers. The femurs of 

the birds from eggs incubated at 39° C and injected with AA had lower 

bone mineral density of the shaft.  

For the tibia, there was decreased bone mineral density of the proximal 

and distal epiphysis in chickens from eggs incubated at 39° C and injected 

with AA. These findings are in line with Bruno et al. (2000), who reported 

that broilers reared under heat stress conditions showed a decrease in the 

length and width of the tibia and femur. 

The environment of broiler housing conditions can trigger locomotion 

problems (Nääs, 2008). This is due to the fact that during heat stress, the 

electrolytic balance is compromised. This can influence bone development 

and contribute to increased incidence of leg problems in young broiler 

chickens (Patience, 1990).  

The growth temperature negatively influenced the percentage of 

calcium, phosphorus and tibia ash. Sahin et al. (2006) demonstrated that 

Japanese quails (Coturnix japonica coturnux) exposed to cyclic heat stress 

(34°C, from 9:00 am to 5:00 pm, from the 10th to 42nd day of age) also 

had reduced tibial concentrations of calcium, phosphorus, magnesium and 

manganese due to an increased excretion of these minerals. This 

damaged bone mineralization.  

Conclusions 

High incubation temperatures, combined with or without pre-incubation 

injection of ascorbic acid, did not minimize the effects of high 

environmental temperature on bone development and body growth of 

broiler chickens.  

In the post-hatching period, the ambient temperature has a major effect 

on broiler performance and also influences feed intake (Teeter et al., 

1984), weight gain and feed conversion. Furthermore, animals under 

stress exhibit developmental changes in the skeletal system, thereby 

affecting performance and consequently, productivity (Nääs, 2008).  

Fast-growing chicken breeds, i.e. genetically improved broilers, produce 

high metabolic heat and often have difficulty maintaining normothermia 

under hot environmental conditions. The resulting heat stress can 

influence bone development in these breeds. Both manipulation of 

incubation temperatures and in ovo injection of ascorbic acid (AA) have 

been separately analyzed as epigenetic adaptation inducers and bone 

development facilitators in heat-stressed broilers. However, the joint effect 

of high temperature incubation and in ovo AA injection together has not 

been analyzed for its effect in mitigating heat stress during the broiler’s 

growth.  

There are no studies on the use of ascorbic acid in ovo and then 

subsequently subjecting the eggs to incubation heat stress, which could 

be a facilitator of epigenetic adaptation to elevated ambient temperature 

during the growth phase, supporting the development of broiler skeletal 

systems.  

Results and discussions 

Bone area and mineral content were significantly (P<0.05) lower for 

birds grown under the hot temperature. For the femur, the bone mineral 

density was significantly lower (P<0.05) for birds reared at hot 

temperature.  

There was significant interaction (P<0.5) between incubation phase 

treatments and growth phase temperatures for mineral density of the 

femur. Lower femur mineral densities were found in chickens grown at the 

hot temperature and hatched from eggs incubated at 39ºC, regardless of 

AA injection or not. However, for chickens reared at thermoneutral 

temperature, the lowest mineral density was observed in those birds 

incubated at 37.5° C.  
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