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ABSTRACT

An experiment was conducted of the poultry facilities of La Salle 
Agricultural College in Xanxerê, SC, Brazil, to evaluate the effect of the 
administration of sodium bicarbonate, glucose and vitamin E to the 
drinking water during pre-slaughter feed withdrawal on carcass yield, 
organ relative weights (heart, liver, proventriculus, and gizzard), gizzard 
emptying, and meat quality of broiler chickens. The applied treatments 
were: water as control; 50g/L of glucose; 50g/L de glucose + 200mg/L 
of vitamin E; 75g/L of glucose; 75g/L + 200mg/L of vitamin E; 0.45% 
of sodium bicarbonate; 0.45% of sodium bicarbonate + 200mg/L of 
vitamin E; 0.55% of sodium bicarbonate; 0.55% of sodium bicarbonate 
+ 200mg/L of vitamin E; 200mg/L de vitamin E. On the last day before 
slaughter, during the water diet period,500 birds were distributed in a 
completely randomized experimental design with ten treatments and 
ten replicates of five birds each. No difference in broiler carcass yield and 
organ relative weights was found. There were no significant changes 
in gizzard contents, in ultimate meat, cooking loss, shear force value, 
or in the meat color parameters L* (lightness), a* (redness) and b* 
(yellowness). It was concluded is that the addition of glucose, sodium 
bicarbonate, and vitamin E to the drinking water during pre-slaughter 
feed withdrawal period has no influence on carcass yield or on relative 
organ weight, neither on the emptying of the gizzard contents and the 
meat quality of broiler chickens. 

Introduction

Pre-slaughter feed withdrawal is a common practice used in the 
poultry industry to reduce contamination in the processing plant and to 
improve production efficiency because the feed provided to the broilers 
a few hours before slaughtering is not converted into meat (Mendes, 
2001b). Additionally, the purpose of withdrawing feed before shipping 
the broilers to the processing plant reduces the occurrence of carcass 
contamination (Rui et al., 2011). 

The duration of the feed withdrawal period has been widely 
discussed, varying from 8 to 12 hours, but it can be longer depending 
on the logistics of the company, distance to the processing plant, and 
holding time at lair age (Northcutt et al., 1997; Rui et al., 2011). In 
some cases, feed withdrawal can exceed the recommended 12-hour 
period, which can affect various metabolic processes. Food deprivation 
causes metabolic inversion from anabolism to catabolism, including 
lipogenesis inversion to lipolysis and reduction of the metabolic rates. 
Blood glucose of broiler chickens during feed withdrawal decreases 
rapidly, causing high consumption of the glycogen present in the 
liver. Warriss et al. (1988) stated that the liver glycogen is almost 
completely metabolized up to six hours of feed withdrawal. In addition, 
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such withdrawal leads to different physiological and 
behavioral responses, indicating that the broilers are 
likely under stress during this period (Whiting et al., 
1991; Castro et al., 2008). 

It is worth noting that many environmental factors 
may affect the birds’ muscle metabolism. These 
changes are responsible for the differences in the final 
meat characteristics, and the nature of such changes 
is affected by the severity of stress and the degree of 
bird’s resistance to stress (Duke et al., 1997). 

The quality of chicken meat is a result of complex 
interactions between the bird’s genotype and 
environmental influences. For instance, in broilers 
animals subjected to heat stress, which causes fast 
muscle glycolysis, there is a decrease in meat pH value 
and alterations in muscle rigor mortis (Rasmussen & 
Mast, 1989). As a result of metabolic changes, muscle 
temperature often rises and glycogen is depleted, 
resulting in the accumulation of lactic acid in the muscle 
(Lyon et al., 1991). Such combined conditions cause 
an exaggerated transformation of the muscle into 
meat (Ali et al., 2008), resulting in excessive protein 
denaturation. The meat from birds that suffered pre-
slaughter stress may become pale, soft, and exudative 
(PSE) 24 hours post mortem. Such condition often 
results in increased cooking loss, reduced juiciness, and 
lower meat yield during processing (Ali et al., 1999). Ali 
et al. (2008) comment that pre-slaughter stress caused 
by fatigue, physical activity, fights, or any other activity 
that may overexcite broilers, without enough time to 
replenish glycogen, will cause early depletion of the 
muscle glycogen, resulting in limited muscle glycolysis 
after slaughter, high pH 24 hours post mortem, 
changes in meat color and tenderness after cooking, 
resulting in DFD (dark, firm and dry) meat.

Due to the increasing market demand for deboned 
parts and further-processed products, other factors 
began to worry researchers, such as the effect of fasting 
on meat quality in terms of pH, tenderness, cooking 
loss, and chemical composition (Ali  et al.,  1999; 
Beraquet et al., 1999; Berri, 2000). 

Therefore, studies presenting alternatives to 
minimize the deleterious effects of pre-slaughter 
handling practices on the carcass and meat quality 
of broilers are necessary. Recent studies suggested 
that dietary vitamin E may be a promising alternative 
to improve such parameters. Vitamin E is a powerful 
antioxidant and its supply in diets has resulted in lower 
meat lipid oxidation and drip loss and better meat 
color (Souza et al., 2007).

The addition of carbohydrates to the drinking 
water during feed withdrawal may be an alternative to 
prevent muscle glycogen depletion during this period. 
Studies have also been carried out for many years on 
the addition of electrolytes to broiler diets (Borges, 
1997; Souza Junior et al., 2006) with the purpose of 
promoting greater retention of fluids in the carcass. 
This practice aims at preventing muscle dehydration 
during the off-feed period in the poultry house, 
transport to the processing facilities and during lair 
age. In addition of reducing the occurrence of meat 
organoleptic problems associated with water loss (drip 
loss and cooking loss), it improves the visual aspect of 
meat and considerably increases its tenderness (Souza 
Júnior et al., 2006).

This study aimed at evaluating the effects of 
the addition of different levels of glucose, sodium 
bicarbonate, and vitamin E to the drinking water 
of broiler chickens during the pre-slaughter feed 
withdrawal on carcass yield, organs weight and yield, 
gastric emptying, and meat quality. 

Material and methods

This studied was conducted at the experimental 
poultry house of La Salle agricultural college in 
Xanxerê, SC, Brazil. Broilers were managed according 
to commercial poultry farming practices and genetic 
company manual, including handling, pre-slaughter, 
loading, transport, and slaughter. 

On the day before slaughter, feed was withdrawn 
and 500 42-day-old Cobb broilers received only water. 
These birds were distributed according to a completely 
randomized experimental design (Table 1) into 10 
treatments with 10 replicates of five birds each. The 
following treatments were applied: water (control 
treatment); 50 g/L of glucose; 50g/L of glucose + 
200mg/L of vitamin E; 75g/L of glucose; 75g/L of 
glucose + 200mg/L of vitamin E; 0.45% of sodium 
bicarbonate; 0.45% of sodium bicarbonate + 200mg/L 
of vitamin E; 0.55% of sodium bicarbonate; 0.55% 
of sodium bicarbonate + 200mg of vitamin E and 
200mg/L of vitamin E.

Twelve hours preceding the feed withdrawal, the 
nutrients were administered in the drinking water, 
and for this purpose, all nipple buckets and hoses 
were adapted to allow estimating water consumption. 
During the 12 hours of the feed withdrawal period, 
continuous lighting was provided (artificial + natural 
light). In order to simulate pre-slaughter handling, 
the broilers were kept in the pens without food for 
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six hours, and after which water was withdrawn and 
they remained in the pens for one hour. Birds were 
then caught, placed into crates, and transferred to 
a controlled environment room at 32ºC and 65% 
humidity, where they remained for two hours (to 
simulate the heat stress that occurs in the hottest hours 
of the day during transport). Subsequently, the crates 
were transferred to another controlled environment 
room at 22ºC and 65% humidity, where the broilers 
remained for one hour (to simulate the environmental 
conditions of the lair age area in the processing 
plant. Birds were then insensibilizatedstunned and 
euthanized, totaling 11 hours of feed fasting. 

The birds were weighed before bleeding, and after 
slaughter they were eviscerated, and the gizzard (full 
and emptied) was subsequently weighed to evaluate 
the relative gizzard weight and emptying. 

The breast meat (Pectoralis major) was collected to 
assess meat quality, including pH, color, cooking loss, 
and shear force value. Meat pH value was measured, 
using a pH meter with a penetration electrode, 24 
hours post mortem in samples stored at 4°C. The 
samples used for meat color evaluation were allowed 
to rest in a climatized room at 15°C for 30 minutes in 
order allow for the oxygenation of their surfaces, and 
color was then determined using a portable colorimeter 
(model MiniScan XE, Hunterlab), according to the 
scales L* (lightness), a* (redness) and b* (yellowness).

Samples submitted to cooking loss and shear 
force evaluation were wrapped in aluminum foil and 
placed in a commercial electric grill with cooking heat 
at the top and bottom, heated to a temperature of 
170°C until reaching 82°C inner temperature (Novello 
et al., 2009). Samples were weighed one hour after 
removal from the grill. Cooking loss was determined 

as the weight difference between the fresh and the 
cooked sample (Lyon et al., 1998), and expressed in 
percentage. Shear force was measured in the cooked 
meat samples. The samples were placed with the fibers 
oriented perpendicularly to the blades of a Warner-
Bratzler apparatus, coupled to a Instron M 2318 device, 
according to the procedure described by Froning et al. 
(1978)

Table 1 – Treatments used in the experiment
Treatment NaHCO3/glucose vit E (mg/L)

T1 Water (control)

T5 50g/L of glucose -

T6 50g/L of glucose 200mg/L vit. E

T7 75g/L of glucose -

T8 75g/L of glucose 200mg/L vit. E

T1 0.45% of NaHCO3 -

T2 0.45% of NaHCO3 200mg/L vit. E

T3 0.55% of NaHCO3 -

T4 0.55% of NaHCO3 200mg/L vit. E

T9 - 200mg/L vit. E

Carcass yield and weight, relative organ weight, 
and meat quality data were subjected to the analysis 
of variance, and, when significant differences were 
detected, means were compared by the Student-
Newmann-Keuls test at 5% significance level (p<0.05), 
using a statistical software.

Results and discussion

As shown in Table 3, there was no significant 
influence of the treatments applied in this study on 
full gizzard weight, emptied gizzard weight, or on the 
volume of feed present in the birds’ gizzard. These 
results are in agreement with the findings of Borges 
(1997), Souza Junior (2006), and Denadai et al. (2002), 

Table 3 – Full and emptied gizzard weights and feed content in the gizzard of broilers receiving different glucose, sodium 
bicarbonate, and vitamin E in the drinking water during the pre-slaughter feed withdrawal period.
Treatment Full gizzard (g) Emptied gizzard (g) Feed content in gizzard (g)

Water (control) 56.40 46.00 10.40

50 g/L glucose 65.60 49.60 16.00

50 g/L glucose + 200 mg/L vit. E 61.40 48.80 12.60

75 g/L glucose 57.20 43.60 13.60

75 g/L glucose + 200 mg/L vit. E 69.40 51.40 18.00

0.45% NaHCO3 65.40 49.00 16.40

0.45% NaHCO3 + 200 mg/L vit. E 61.60 49.40 12.20

0.55% NaHCO3 63.20 48.20 15.00

0.45% NaHCO3 + 200 mg/L vit. E 58.60 45.80 12.80

200 mg/L vit. E 54.40 44.40 10.00

CV (%) 12.07 10.77 23.05

P 0.060 0.313 0.395

Means followed by different letters in the same column indicate significant difference (p<0.05) by the SNK test. 
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who assessed different times of feed withdrawal and 
did not detect any significant differences in gizzard 
contents. Denadai et al. (2002) obtained gizzard 
contents of10 to 19 g per broiler, which are close to 
those found in the present study. In addition, they did 
not find any significant differences in the contents of 
the crop, intestines or total digestive tract. In contrast, 
Schettino et al. (2006) observed a reduction in the 
gizzard contents of broiler chickens as the time of feed 
withdrawal increased, when evaluating fasting times 
ranging from 4 to 16 hours. 

These findings may be explained by the fact that 
feed retention in the gizzard is mostly determined by 
feed particle size, with little or no influence of water or 
electrolyte intake. 

No significant differences (p>0.05) were observed 
among treatments regarding the evaluated meat quality 
parameters (Table 4). The pH values of the pectoralis 
major muscle were not influenced by the treatments. 
These results are consistent with the findings described 
by Souza et al. (2006), who did not find any effect of 
the addition of 0, 100, 150, and 200mg of vitamin E/
kg of diet on chicken meat pH. Leonel et al. (2007) did 
not detect any significant differences in meat pH when 
adding vitamin E to broiler diets. According to Mendes 
(2001a), chicken meat finalultimatepH values after 
slaughter range between 5.7 and 5.9, corroborating 
the values found in the present study. 

Cooking loss presented similar values (p>0.05) 
among treatments. In the study of Almeida (2008), 
testing the addition of different levels of vitamin E 
combined with linoleic acid to one- to 49-day-old 
broilers, no meat pH differences were found. Castro et 

al. (2008) also evaluated different pre-slaughter periods 
in broilers and obtained cooking losses between 25% 
and 30%, consistent with those found in the present 
study. 

Shear force values were not different (p>0.05) 
in the breast meat of broilers supplemented with 
different nutrients. Lyon et al. (2004)fed broilers with 
diets based on corn and soybean meal, or wheat and 
soybean meal, and found values ranging between 1.82 
and 2.19 kgf/cm2, considering values between 1.60 
and 3.0 kgf/cm2 as those recommended for broiler 
breast, and their findings are close to those found in 
the present experiment. Additionally, Almeida (2008) 
did not find any variations in shear force breast and 
thigh meat values in 49-day old broilers supplemented 
with increasing levels of vitamin E. 

There were no significant differences (p>0.05) in L* 
(lightness) color parameter. These results are consistent 
with those of Leonel et al. (2007) and Boschini (2011), 
who did not find any significant changes in breast 
meat lightness when using different levels of vitamin 
E. Castro et al. (2008) also did not find any differences 
in breast meat lightness when evaluating different 
off-feed times, and suggested that different periods 
of feed withdrawal do not influence this parameter. 
In contrast, Karacay et al. (2008) observed differences 
in meat lightness when supplementing sucrose, 
which is converted in glucose in small intestine, in the 
drinking water of broilers during pre-slaughter feed 
withdrawal, which is converted in glucose in small 
intestine,compared with glucose supplementation in 
the drinking water. 

Table 4 – Meat quality of broiler chickens receiving different glucose, sodium bicarbonate, and vitamin E in the drinking 
water during the pre-slaughter feed with drawal period.

Treatment pH Cooking loss(%) Shearforce (kgf/cm2)
Color

L* a* b*

Water (control) 5.90 25.20 2.63 45.81 3.28 6.92

50 g/L glucose 5.84 27.48 1.89 49.31 2.68 8.70

50 g/L glucose + 200 mg/L vit. E 5.81 25.10 2.11 51.01 2.93 8.74

75 g/L glucose 5.89 25.95 2.21 46.81 3.53 7.41

75 g/L glucose + 200 mg/L vit. E 5.87 24.46 1.82 47.32 3.10 8.11

0.45% NaHCO3
5.91 26.51 1.68 49.25 2.34 7.22

0.45% NaHCO3 + 200 mg/L vit. E 5.87 24.60 2.03 46.14 2.64 8.44

0.55% NaHCO3
5.90 20.76 2.48 48.85 3.22 8.91

0.45% NaHCO3 + 200 mg/L vit. E 5.88 25.31 2.45 48.83 2.94 7.64

200 mg/L vit. E 5.91 26.61 1.82 46.34 3.86 7.79

CV (%) 1.33 12.80 24.90 7.32 9.90 20.61

P 0.436 0.394 0.375 0.063 0.312 0.080

Means followed by different letters in the same column indicate significant difference (p<0.05) by SNK test. 
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According to Barbut (1998), theme at-quality defect 
PSE is determined by combining pH values lower 
than 5.8 and lightness values (L* parameter) higher 
than 52, measured 24 hours after slaughter. Thus, 
broilers slaughtered according to current conventional 
standards may present low incidence of PSE meat, as in 
the present study all pH values were above 5.8, while 
L* values were below 52. 

No significant a* value differences (p>0.05) 
were found among treatments. These results are 
consistent with those found and described by Leonel 
et al. (2007) and Boschini (2011), who did not find 
any meat redness differences when testing different 
dietary vitamin E levels in broilers. This parameter 
(pigmentation/redness) is used to assess myoglobin 
oxidation, with high redness values indicating high 
myoglobin oxidation. 

Accordingly, there were no b* (pigmentation/
yellowness) value differences (p>0.05) among 
treatments. Leonel et al. (2007) and Boschini (2011) 
also did not find any significant changes in this value. 
On the other hand, Karacay et al. (2008), adding 
sucrose to the drinking water during the pre-slaughter 
feed withdrawal period found higher lightness and 
redness values in the breast lives and liver.

Conclusion

The addition of glucose, sodium bicarbonate, and 
vitamin E to the drinking water of broiler chickens 
during pre-slaughter feed withdrawal had no influence 
on gizzard emptying of broilers subjected to pre-
slaughter standard handling. Likewise, the addition of 
these nutrients has no impact on chicken meat quality. 

References
Almeida EG. Ácido linoléico conjugado e vitamina E para frangos de corte 

[dissertação]. Pirassununga (SP):Universidade de São Paulo; 2008.

Ali ASA, Harrison A, Jensen JF. Effect of some ante-morten stressors on 
peri-morten and post-morten biochemical changes and tenderness 
in broiler breast muscle: a review. World’s Poultry Science Journal 
1999;55(4):403-414.

Ali MS, Kang GH, Joo ST. A Review: Influences of pre-slaughter stress 
on poultry meat quality. Asian-Australian Journal of Animal Science 
2008;21(6):912-916.

Barbut S. Estimating the magnitude of the PSE problem in poultry. Journal 
of Muscle Foods 1998;9:35-49.

Beraquet NJ. Influência de fatores ante e post morten na qualidade da 
carne de aves. Revista Brasileira de Ciência Avícola 1999;3(1):155-166.

Berri C. Variability of sensory and processing qualities of poultry meat. 
World’s Poultry Science Journal 2000;56(3):209-224.

Borges SA. Suplementação de cloreto de potássio e bicarbonato de sódio 
para frangos de corte durante o verão [dissertação]. Jaboticabal (SP): 
Universidade Estadual Paulista; 1997.

Boschini C. Antioxidantes na dieta de frangos de corte [dissertação]. Pelotas 
(RS): Universidade Federal de Pelotas; 2011.

Castro JBJ, Castillo CJC, Ortega EMM, Pedreira MS. Jejum alimentar 
na qualidade da carne de frangos de corte criados em sistema 
convencional. Ciência Rural 2008;38(2): 470-476.

Denadai JC, Mendes AA, Garcia RG, Almeida ICL, Moreira J, Oliveira EG, et 
al. Efeito da duração do período de jejum pré-abate sobre rendimento 
de carcaça e a qualidade da carne do peito de frangos de corte. Revista 
Brasileira de Ciência Avícola 2002;4(2):101-109.

Duke GE, Maureen B, Noll S. Optimum duration of feed and water 
removal prior to processing in order to reduce the potential for fecal 
contamination in turkeys. Poultry Science 1997;76(3):516-522.

Froning GW, Babji AS, Mather FB. The effect of pre-slaughter temperatures, 
stress, struggle and anesthetization on color and textural characteristics 
of turkey muscle. Poultry Science 1978;57(3):630-678.

Karacay N, Ocak N, Sarica M, Erener G. Effect of carbohydrate 
supplementation provided through drinking water during feed 
withdrawal on meat and liver colors in broilers. Journal of Science of 
Food and Agriculture 2008;88(3):479–484.

Leonel FR, Oba A, Pelicano ERL, Zeola NMBL, Boiago MM, Scatolini AM, et 
al. Performance, carcass yield, and qualitative characteristics of breast 
and leg muscles of broilers fed diets supplemented with vitamin E at 
different ages. Revista Brasileira de Ciência Avícola 2007;9(2):91-97.

Lyon CE, Papa CM, Wilson JR RL. Effect of feed withdrawal on yields, 
muscle pH, and texture of broiler breast meat. Poultry Science 
1991;70(3):1020-1025.

Lyon CE, Lyon BG, Dickens JA. Effects of carcass stimulation, deboning time, 
and marination on color and texture of broiler breast meat. Journal of 
Applied Poultry Research 1998; 7(1):53-60.

Lyon BG, Smith DP, Lyon CE, Savage EM. Effects of diet and feed withdrawal 
on the sensory descriptive and instrumental profiles of broiler breast 
fillets. Poultry Science 2004;83:275-281.

Mendes AA. Jejum pré-abate em frangos de corte.  Revista Brasileira de 
Ciência Avícola 2001a;3(3):1.

Mendes, AA. Rendimento e qualidade da carcaça de frangos de corte. 
Anais da Conferência Apinco de Ciência e Tecnologia Avícolas; 2001b; 
Campinas (SP): FACTA; 2001b; v.2, p.79-99.

Northcutt JK, Savage SI, Vest LR. Relationship between feed withdrawal 
and viscera condition of broilers. Poultry Science 1997;76(4):410-414.

Novello D, Marques A, Toneto ERL, Pollonio MAR. Atributos de qualidade 
funcional de peito de frango injetado com cloreto de sódio e cálcio. 
Alimentação e Nutrição 2009;20(3):403-410.

Rasmussen AL, Mast MG. Effect of feed withdrawal on composition and 
quality of meat. Poultry Science 1989;68:1109-1113.

Rui BR, Angrimani DSR, Silva MAA. Pontos críticos no manejo pré-abate de 
frango de corte: jejum, captura, carregamento, transporte e tempo de 
espera no abatedouro. Ciência Rural 2011;41(7):1290-1296.

Schettino DN, Cançado SV, Baião NC, Lara LJC, Figueiredo TC, Santos WLM. 
Efeito do período de jejum pré-abate sobre o rendimento de carcaça 
de frango de corte. Arquivos Brasileiros de Medicina Veterinária e 
Zootecnia 2006;58(5):918-924.



34

Petrolli TG, Junqueira OM,
Domingues CHF, Pereira ASC,
Santos ET, Rocha RX

Effects of the Addition of Glucose, Sodium 
Bicarbonate, and Vitamin E to the Drinking Water of 
Pre-Slaughter Broiler Chickens on Carcass Yield, Gastric 
Emptying and Meat Quality

Souza PA, Souza HBA, Pelicano ERL, Cardini CHC, Oba A, Lima TMA. Efeito 
da suplementação de vitamina E no desempenho e na qualidade da 
carne de frangos de corte. Revista Portuguesa de Ciências Veterinárias 
2006;101(557-558):87-94.

Souza VLF, Silva RSF, Silva CA. Vitamina E no desempenho, características 
de carcaça e qualidade do presunto cozido de suínos. Pesquisa 
Agropecuária Brasileira 2007;42(4):581-587.

Souza Junior FN. Bicarbonato de sódio associado ao cloreto de amônio 
em rações para frangos de corte sob condições naturais de estresse 
calórico [dissertação]. Teresina (PI): Universidade Federal do Piauí; 2006.

Warriss PD, Kestin SN, Brown EA, Bevis EA. Depletion of glycogen reserves 
in fasting broiler chickens. British Poultry Science 1988;29(1):149-154.

Whiting TS, Andrews LD, Stamps L. Effects of sodium bicarbonate and 
potassium chloride drinking water supplementation. 1. performance 
and exterior carcass quality of broilers grown under thermoneutral or 
cyclic heat-stress conditions. Poultry Science 1991;70(1):53-59.


