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ABSTRACT

Antacid is a mixture of sodium bicarbonate, bicarbonate, and citric acid, which can neutralize stomach acidity and
may stabilize the pH of post-mortem carcass and meat. Therefore, the present study aimed to investigate the carcass
and meat quality of broiler chickens by supplementing the antacid in drinking water. A total of 48 male broiler
chickens (Ross 308) were divided into two groups that the first group was the control group (did not receive antacid
supplementation in the drinking water) and the second group was supplemented with antacid in drinking water
(0.10%) for three days pre-slaughter. It was found that the antacid supplementation increased the percentage of breast
meat, while carcass yield, and thigh, drumstick, and wing were not significantly affected. The pH of breast meat 45
minutes and the drip loss at 24 hours post-slaughter was significantly higher. The shear-force of breast meat was
reduced (P < 0.05) by antacid supplementation. For the color of the breast meat, there were no significant differences
in lightness (L*), redness (a*), and yellowness (b*) between the two groups, but the total difference in the color of
meat was slightly increased. It can be concluded that supplementing the drinking water with an antacid for three days
before slaughter improves the carcass and meat quality of broiler chickens by maintaining the pH and water holding
capacity of the meat.
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INTRODUCTION

Meat quality is influenced by the interaction between the
genotype and the environment, particularly the stresses
undergone before slaughter (Ali et al., 2008). Under stress,
it is known that self-oxidative peroxidation increases free
radicals,  oxygen-reactive  species,  resulting in
destabilization of the cell wall (Puthpongsiriporn et al.,
2001). Excessive levels of free radicals enhance lipid
peroxidation and changes in meat organoleptic
characteristics  (Fellenberg and  Speisky, 2006).
Furthermore, muscle from the broiler chickens stressed
pre-slaughter by transportation or high temperatures
normally becomes pale, soft, moist, or exudative after a
normal 18-24 hours chilling period. Due to rapid pH
decline and protein denaturation, this often results in lower
possessing Yields, increased cooking losses, and reduced
juiciness (Ali et al., 2008).

Under heat stress, hyperventilation normally
decreases blood carbon dioxide, thereby inducing
respiratory alkalosis (increased blood pH) in chickens

(Borges et al., 2007). Glycolysis and creatine Kkinase
activity are stimulated, resulting in more pyruvate
conversion to lactate (anaerobic metabolism), and
inducing acidosis in meat under heat stress (Song and
King, 2019). Sodium bicarbonate is an absorbable
systemic buffer that supplies sodium and bicarbonate to
the body; dietary sodium bicarbonate supplementation to
laying hens improves body acid-base balance and eggshell
quality (Jiang et al., 2015). In broiler chickens, under heat
stress, supplementation of sodium bicarbonate in the
drinking water or feed could reduce mortality rate
(Mushtaq et al., 2007), and improve growth performance
(Mushtaq et al., 2014). Furthermore, using sodium
bicarbonate (5.49 g/kg diet) resulted in better growth and
carcass performance in broiler chickens compared to other
dietary electrolyte balances (Mushtaq et al., 2014).

An antacid is a mixture of sodium bicarbonate,
bicarbonate, and citric acid, which can neutralize stomach
acidity in humans. Respiratory alkalosis increases the
excretion of citric acid, while acidosis decreases the
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excretion of citrate (Jiang et al., 2015). For example,
ingestion of an alkali load (citrate mixture and sodium
bicarbonate) results in an increase in urinary citrate
excretion (Xue et al., 2020). The reaction between sodium
bicarbonate and citric acid forms carbon dioxide (quickly
absorbed) and sodium citrate (high buffering capacity).
Since meat quality is directly related to the metabolic
acidosis that converts more pyruvate to lactate (anaerobic
metabolism), an increase of pH in muscle cells can
improve the meat quality. However, the effects of
therapeutic antacid chemicals on post-mortem carcasses
and meat quality have not been reported. Therefore, the
current study was conducted to evaluate the effect of
supplementing drinking water with antacid on carcass
yield and meat quality of broiler chickens (3 days pre-
slaughter).

MATERIALS AND METHODS

Ethical approval

The experimental animals were kept, maintained,
treated, and handled in accordance with accepted
standards for the humane treatment of animals under
license number U1-07385-2561.

Animals and management

A total of 48 male broiler chickens (Ross 308) were
kept in an evaporative cooling system from day 1 to day
35 of age, and maintained, treated, and handled under
accepted standards for the humane treatment of animals
(according to animal welfare). Management and
vaccination were provided according to commercial
practices. Water and feed were offered ad libitum. At 32
days of age, the chickens were divided into two
experimental groups of 24. The basal diet was formulated
to contain 23% CP and 3,000 ME kcal/kg for age 1 to 10
days, 21.50% CP and 3,100 ME kcal/kg for age 11 to 24
days, and 19.50% CP and 3,200 ME kcal/kg for age 25 to
35 days). All nutrient requirements were formulated
according to the recommendations for the strain (Table 1).

Antacid supplementation in the drinking water

During 32-35 days of age, the drinking water was
supplemented with antacid in order to evaluate the carcass
and meat quality. The experimental groups were assigned
to the control group in which the chickens received no
supplementation in the drinking water and the antacid
group where Citric acid (43.33%), sodium bicarbonate
(46.67%), and bicarbonate (10.00%) were added to the
drinking water at 0.10%.

Table 1. Composition and nutritional content of the experimental diets

Item Age 1 to 10 days Age 11 to 24 days Age 25 to 35 days
Corn 49.11 51.92 56.57
Soybean meal (48% Crude protein) 40.73 37.30 32.27
Rice bran oil 4.95 5.99 6.71
Monodicalciumphosphate (22% Phosphorus) 1.54 1.36 1.22
Limestone 1.43 1.30 1.19
Salt 0.58 0.48 0.29
Sodium bicarbonate - 0.15 0.30
DL-Methionine 0.34 0.28 0.26
L-Lysine 0.19 0.12 0.12
L-Threonine 0.10 0.07 0.04
Vitamin and mineral premix 0.24 0.24 0.24
Choline chloride (60%) 0.08 0.08 0.08
Antioxidant and toxin binder 0.16 0.16 0.16
Anticoccidial 0.05 0.05 0.05
corncob 0.50 0.50 0.50
Total 100.00 100.00 100.00
Nutrients by calculation
Metabolisable energy (Kcal/Kg) 3000.00 3100.00 3200.00
Crude protein (%) 23.00 21.50 19.50
Fiber (%) 3.57 3.43 3.24
Fat (%) 7.32 8.40 9.21
Methionine (%) 0.68 0.61 0.56
Methionine+cystine (%) 1.08 0.99 0.91
Lysine (%) 1.44 1.29 1.16
Threonine (%) 0.97 0.88 0.78
Valine 111 1.04 0.95
Calcium (%) 0.96 0.87 0.79
Total phosphorus (%) 0.72 0.67 0.62
Auvailable phosphorus (%) 0.48 0.44 0.39
Sodium (%) 0.23 0.23 0.20
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Carcass and meat quality

At 35 days of age, the feed was removed for 12 hours
before processing. Twenty-four broilers from each group
were killed using CO, asphyxiation in an atmosphere of
less than 2% oxygen (air displaced by CO,) for 1.5-2.0
minutes. The breast meat, thigh, wing, and drumstick of all
chickens were collected, weighed, and calculated as a
percentage of the live body weight. Meat quality
measurements were carried out on pectoralis major. The
pH values at 0 and 45 minutes were measured using a pH
measuring instrument (model HI 99163; Hanna
Instruments, Wilmington, MA, USA, (Glamoclija et al.,
2015). The breast muscles were refrigerated overnight at
4°C, and then kept at room temperature before cooking.
For cooking loss, the breast muscle from each broiler
chicken was cooked to an internal temperature of 70°C
measured using a digital thermostated water bath (HH-4,
Jiangbo Instrument, Jiangsu, China), then cooled to the
room temperature, and then weighed. The Warner-Bratzler
shear force of the breast meat was determined using an
Instron universal tensile tester (Instron model 4411,
Instron Corp., Canton, MA, Jiang et al., 2007).

Meat color was measured 45 minutes post-mortem
using a chromameter (CR-410, Minolta Co. Ltd, Suita-shi,
Osaka, Japan) to measure the CIE LAB values (L*
measures relative lightness, a* measures relative redness,
and b* measures relative yellowness). Readings were
taken at the surface of the sample representing the whole
surface of the muscle (Jiang et al., 2007). Deltas for L*
(AL*), a* (Aa*), and b* (Ab*) may be positive (+) or
negative (-). The total difference, Delta E (AE*), however,
is always positive (AMSA, 2012). The total difference,
Delta E (AE"), however, is always positive (AMSA, 2012).

AL" (L" sample — L" standard): difference in lightness
and darkness (+ : lighter, — : darker); Aa" (2" sample — a"
standard): difference in red and green (+ : redder, — =
greener); Ab”~ (b” sample — b” standard) : difference in
yellow and blue (+ : yellower, — = bluer).

AE" (L, = L2 + (a5 — a5)? + (b3 — b})?

Statistical analysis
A t-test was used to compare measured values
obtained from the two independent groups of the carcass

and meat quality of the broiler chickens. Statements of
statistical significance were based on p < 0.05.

RESULTS AND DISCUSSION

Carcass yield

The effects of supplemented drinking water with
antacid on the carcass yield of broiler chickens are
presented in Table 2. The weight of breast meat increased
significantly with supplemental antacid in the drinking
water (p = 0.02), while there were no significant effects of
the supplementation on carcass yield, carcass percentage,
or thigh, drumstick, and wing weight.

Dietary sodium bicarbonate has been reported to
improve the body weight, carcass yield, breast meat yield,
and abdominal fat of broiler chickens (Yasoob and Taugir,
2017) although the addition of sodium bicarbonate to the
drinking water alone during pre-slaughter did not
influence the carcass yield or meat quality of broiler
chickens (Petrolli et al., 2016). In terms of mixed
solutions, however, Ma et al. (2015) found that electrolyte
solutions (containing sugar, sodium chloride, potassium
chloride, sodium bicarbonate, and citric acid) significantly
increased the body weight of stressed pigs by 15.64%.
Moreover, supplementing drinking  water  using
commercial electrolyte packs at 0.10% for 3 days prior to
slaughter also improved weight gain and percentage of
carcass water uptake (no significant difference) of turkeys,
broiler chickens, and pigs during the final 25 days (Ma et
al., 2015). Accordingly, the current study showed that
adding antacid (a mixture of sodium bicarbonate,
bicarbonate, and citric acid) to drinking water during the
three days pre-slaughter increased the breast meat weight
of the broiler chickens. This indicates that antacid does not
neutralize the acidity only in the stomach, but it improves
the acid-base balance at the cellular level. Consequently, it
maintains cellular metabolism in the breast muscle of the
chickens.

Table 2. Effect of antacid supplementation in drinking water on carcass quantity of broiler chickens

Item Control group Antacid group p value SEM
Live weight (g) 2,004.58 + 58.69 1,987.33 +50.11 0.44 11.04
Carcass yield (g) 1,890.04 £71.94 1,887.42 + 46.45 0.91 12.09
Carcass (%) 94.29 £2.55 9498 £1.31 0.41 0.41
Breast (%) 21.69+0.73 22.99 +1.66" 0.02 0.29
Thigh (%) 13.90 £1.08 13.75£1.27 0.76 0.23
Drumstick (%) 10.52 £ 0.62 10.16 £0.39 0.10 0.11
Wing (%) 8.07 £0.25 7.84£0.27 0.07 0.05

Values presented as mean +SD. ~ Means within a row with different letters indicate a significant difference (P < 0.05). SEM: Standard Error of Measurement
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Meat quality

The effects of adding antacid to the drinking water on
the quality of breast meat of the broiler chickens are
presented in table 3. There was no significant difference
among the pH of the meat of the experimental groups at 0
minutes, while the pH of the antacid group was
significantly higher than that of the control group at 45
minutes (P < 0.05). Adding antacid to the drinking water
decreased the drip loss of the meat at 24 hours (P < 0.05)
and 48 hours (p = 0.06). Moreover, the shear force value
was significantly reduced by supplementation of the
drinking water (p < 0.01) although the cooking loss was
not affected. For the color of the breast meat, there were
no significant differences between the two groups for the
L* a* and b* values (p > 0.05) while the total difference in
color was slightly increased.

Since the aerobic metabolism in muscle changes to
anaerobic metabolism after the oxygen supply is stopped,
the rate of pyruvate conversion to lactate is increased
(Zhang et al., 2009). Rapid post-mortem glycolysis while
carcass temperature is still high results in a rapid drop in

pH, protein denaturation, pale meat color, reduced water
holding capacity, and poor texture (Song and King, 2019).
Bicarbonate is a blood buffer that maintains both
extracellular and intracellular pH, and sodium bicarbonate
supplementation increases blood bicarbonate
concentrations, resulting in blood alkalosis (Lancha et al.,
2015). Several investigators have reported that
supplementing with sodium bicarbonate results in high pH
in chicken meat (Woelfel and Sams, 2001) and pork
(Wynveen et al., 2001). Therefore, a high pH in meat
reduces the percentage of drip loss by an improvement in
the water holding capacity (Fischer, 2007). The water
holding capacity of meat is minimal when the pH is close
to the isoelectric point of myofibrillar proteins (about 5.2-
5.3 in poultry meat) while the ionic strength could be
steadily increased by adjusting the PH, thus it leads to an
increase in the water holding capacity of meat products
(Barbut, 2002; Petracci and Cavani, 2012). Therefore, it is
clear that supplementing drinking water with antacid will
improve the water holding capacity of meat by
maintaining the PH.

Table 3. Effect of antacid supplementation in drinking water on meat quality of broiler chickens

Item Control group Antacid group p value SEM
pHo 7.17+£0.20 7.26+£0.21 0.34 0.04
pH.s 6.63 +0.22 6.84 +0.22 0.03 0.05
Drip loss24 hr. (%) 2.63+0.61 2.16 +0.42 0.03 0.11
Drip loss48 hr. (%) 3.50+£0.79 2.92+0.68 0.06 0.15
Cooking loss (%) 26.52 + 3.26 26.60 £ 2.89 0.94 0.61
Shear force (N) 43.47 +5.01 29.92 +5.29” <0.01 2.65
L 42.70 £ 2.17 41.64 + 3.99 0.35 0.65
a 1.77+£0.74 2.15+0.99 0.29 0.18
b* 13.15+0.76 13.16 £ 1.17 0.97 0.19
AL 0 -1.06 - -
Aa" 0 0.38 - -
Ab” 0 0.01 - -
Total color difference between the control

N 0 1.12 - -
group (AE)

Values presented as mean +SD. " P < 0.05; ~ P < 0.01, L*: Lightness, a*: Redness, b*: Yellowness, SEM: Standard Error of Measurement
An increase in the pH of meat at 45 minutes by increase in  blood pH through sodium citrate

supplementing the antacid in drinking water may be due to
the high buffering capacity and ionic strength of
bicarbonate and sodium citrate. the reason is that sodium
bicarbonate reacted with citric acid to produce sodium
citrate, which is dissociated from citrate anion (Stephens et
al., 2008). Therefore, a reduction in H+ and an elevation
in bicarbonate in plasma resulting in an increase of the
extracellular buffering capacity (Tugnoli et al., 2020). The
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supplementation induces more efflux of H+ and lactate
from the active muscles via monocarboxylate transporter
(Requena et al., 2005). This implies that sodium citrate
may provide a high buffering capacity to improve the acid-
base balance in meat.

Moreover, the findings of the present study showed
that the shear-force of the meat was reduced by antacid
supplementation of the drinking water. There are reports
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indicating that sodium bicarbonate reduced the shear force
and improved the yield of pork and poultry meat (Mudalal
and Petracci, 2019). However, broiler chickens given
0.50% sodium bicarbonate from five to eight weeks of age
had meat of higher shear force than those given a
combination of 0.50% sodium bicarbonate and 0.50%
potassium chloride (Hao and Gu, 2014). It may be said
that supplementing with antacid (electrolyte solution) may
have more impact on the shear-force than sodium
bicarbonate alone.

A rapid drop in pH may be associated with low
redness, high lightness and high drip, and cooking losses
in chickens’ breast meat (Hao and Gu, 2014). The use of
bicarbonate to minimize the problem of pale, soft, and
exudative meat has been reported in pork (Wynveen et al.,
2001; Mudalal and Petracci, 2019) and poultry (Woelfel
and Sams, 2001; Alvarado and Sams, 2003). However, a
low incidence of Pale Soft Exudative (PSE) meat was
presented in the current study (all pH values were above
58 and L* values were below 52). This
pigmentation/redness ratio was used to assess myoglobin
oxidation, with high redness values indicating high
myoglobin oxidation (Kim et al., 2010). Although the L*,
a*, and b* colors were not significantly affected, a slight
increase in the total color difference in the antacid group
may be due to the maintenance of the pH and water
holding capacity.

CONCLUSION

Since the supplementation can maintain the pH and water
holding capacity of the meat, it is concluded that the
antacid (a mixture of sodium bicarbonate, bicarbonate, and
citric acid) should be added to the drinking water for three
days before slaughter to improve carcass (percentage of
breast meat) and meat quality (pH at 45 minutes, drip loss
percentage at 24 and 48 hours and shear force) of broiler
chickens.
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