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ABSTRACT
With the removal of antibiotics, the poultry industry is challenged with identifying a valid alternative to antibiotics with similar
capabilities. Organic acids like citric acid are agents with the capability to reduce pathogenic bacteria and increase nutrient digestibility
through their effect on the pH in the gastrointestinal tract. Citric acid improves animal welfare and economic concerns in the poultry
industry by reducing body weight loss and improving meat quality attributes. Citric acid supplementation in feeds diminishes
microorganisms within the gastrointestinal tract and consequently enhances feed intake and digestion, with positive effects on
growth rate and carcass characteristics of broiler chickens. A review was conducted using PubMed/MEDLINE (published articles) to
determine the effect of citric acid supplementation on carcass characteristics, physico chemical attributes and sensory attributes of
broiler chickens. Findings indicated that organic acids such as citric acid may improve animal welfare and economic problems in the
chicken business by lowering body weight loss and enhancing meat quality qualities. At the same time, citric acid supplementation
had an antibacterial effect on the growth of microorganisms. This shows that citric acid can be used in broiler chickens to improve
performance and meat quality. The current review evaluates the effect of various citric acid level supplementation on carcass
characteristics, physico chemical attributes and sensory attributes of broiler chickens.
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According to Robinson et al. (2015), by 2050, 70% of the
world’s population will be living in cities, resulting in a 70%
rise in demand for animal-derived food, necessitating high
levels of efficient production to meet these demands. Global
meat production has increased significantly, with much of
the increase focusing on poultry and pork production,
particularly in developing countries (Thornton, 2010). Since
1946, antibiotic growth promoters have been utilized as a
key efficiency-enhancing agent in animal production around
the world (Hassan et al., 2010). Antibiotics have been shown
to decrease sub-clinical and clinical infections by reducing
the number of bacteria in the gastrointestinal tract (GIT),
which reduces food competition, stimulates the immune
system, thins the intestinal wall and increases nutrient
digestibility (Economou and Gousia, 2015). Antibiotic
resistance, on the other hand, has become a persistent
matter of concern for both researchers and buyers (Hamid,
1992). Antibiotics’ introduction and widespread use have
had a significant effect on animal health and well-being
(Goforth and Goforth, 2000). Antibiotic usage in livestock
and poultry has been questioned since long-term use can
result in side effects such as antibiotic residues in meat and
the development of microbial resistance (Muaz et al., 2018).

With the withdrawal of antibiotics from some poultry
sectors and the introduction of antibiotic-free birds (ABF), the
industry is facing with the task of developing a viable alternative
to antibiotics that has similar capabilities (Cheng et al., 2014).
Organic acids such as citric acid, acetic acid, propionic acid
and formic acid are potential growth promoters for poultry
(Islam, 2012). Organic acids, such as citric acid, have been
shown to improve animal welfare and economic concerns in

the poultry sector by decreasing body weight loss and
enhancing meat quality attributes, according to Menconi et al.
(2013). Citric acid supplementation in feeds eliminates
microorganisms in the gastrointestinal tract, which improves
feed intake and digestion and, as a result, improves broiler
chicken growth rate and carcass attributes (Dittoe et al., 2018).

The new trend of poultry meat consumption emphasizes
the importance of meat quality management in the broiler
industry (Marić et al., 2021). Chickens’ meat is also
commonly sold as retail pieces or processed meat (Le Bihan-
Duval et al., 2008). Breast and thigh muscles are the most
prevalent chicken carcass sections (Yu et al., 2005). Broiler
chickens’ development rate and carcass quality may be
improved by using an acidifier (Mellor, 2000). Considering
the above statements, this study is designed to determine
the effect of citric acid supplementation on carcass
characteristics, physico chemical attributes and sensory
properties of broiler chicken.
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Production of citric acid (CA)
Citric acid can be produced by either solid-state fermentation
or submerged fermentation (Adham, 2002). Commercial
production of citric acid occurs via a microbiological
technique that typically involves submerged fermentation
with Aspergillus niger (Prasad et al., 2013). Citric acid is a
bioengineered and biochemical substance that has yearly
productivity of 1.6 million tonnes (Nadeem et al., 2010). Citric
acid is produced by a variety of microbial species, such as
bacteria, fungus and yeast. Nevertheless, most of them are
unable to provide commercially viable yields. The fungus A.
niger is used to produce most of the citric acid nowadays
(Ali et al., 2002). The reason behind selecting A. niger above
all other possible future citric acid manufacturing
microorganisms include its increased citric acid productive
capacity at low pH without the release of harmful
compounds, easiness of handling (Nadeem et al., 2010)
and the possibility to metabolize a variety of cheaper
products which include brewers spent seed, orange peels
(Torrado et al., 2011), cotton waste, cane molasses,
bagasse, wheat bran, coffee husk and pumpkin (Pawar and
Pawar, 2014).

Effect of citric acid on carcass characteristics of
broiler chickens
Dietary supplementation of various levels of citric acid in
broilers exhibited a significant increase in dressing
percentage (without skin) and analysis of variance revealed
that dressing percentage was significantly improved
whereas, relative breast and thigh meat, were not affected
by dietary citric acid supplementation (Ahsan-ul-Haq et al.,
2014). These results are in line with those found by
Chowdhury et al. (2009) and Hassan et al. (2010) who
reported a significant increase in dressing percentage using
citric acid in the feed. The results agree with Alcicek et al.
(2004) who reported an increase in dressing percentage as
compared to control by the use of an organic acid mixture
containing citric acid. Acidification might have increased cell
proliferation and in this manner increased muscle size.
Contrary to the above findings, Denli et al. (2003) reported
a non-significant effect of organic acid supplementation on
dressing percentage. The inconsistency in these results may
be caused by different duration of period of feed withdrawals
before slaughtering. The results are in line with Islam et al.
(2008); Abdel-Fattah et al. (2008) and Adil et al. (2010) who
supplemented citric acid to broilers and concluded a non-
significant effect on the dressing percentage of broilers.
Supplementation of different levels of citric acid showed a
non-significant effect on relative breast meat of broilers of
different treatment groups (Ahsan-ul-Haq et al., 2014).
Whereas Hudha et al. (2010) reported a significant effect of
dietary acidification on thigh meat while a non-significant
effect on breast meat.

Ahsan-ul-Haq et al. (2014) observed that
supplementation of citric acid at the rate of 0.5, 1.0 and 1.5
percent significantly improved the dressing percentage and

the relative breast meat, thigh meat and giblet weight of
broilers. Aksu et al. (2007) reported significant improvement
in the carcass weight and some carcass parameters like
thigh, breast and neck with citric acid supplementation at 4
g/kg feed. Similarly, Fascina et al. (2012) reported that
dietary supplementation of citric acids resulted in better
carcass characteristics. The results agree with Saki et al.
(2012) who is of the view that the addition of citric acid
increased the carcass weight and breast weight, at 21 days
of age. Similarly, Odetola and Adetola, (2022) obtained
significant differences in drumsticks and wings in their study.
Jha et al. (2019) reported that the inclusion of OAs (formic
+ propionic acid, formic + citric acid, formic + sorbic and
formic+ lactic acid) enhanced the meat thigh weight
(29.03%), back weight (53.4%), wings weight (31.27%) and
breast weight (34.57%) compared to the control group. Other
researchers indicated numerical improvements in carcass
yield in broilers fed 3% CA but not at 6% level
(Nourmohammadi et al., 2010). Nevertheless, inconsistent
results were obtained by Islam et al. (2008) who found that
carcass characteristics were not affected by dietary
treatments with citric acid supplementation. The unmatched
results at the above, could be due to different supplemented
diets containing different percentage of nutrients. These
results are in line with Kopecky et al. (2012) who reported
that there were no significant effects of citric acid
supplementation on carcass traits. Brzóska et al. (2013)
reported that the supplementation of OAs to a broiler diet
resulted in no significant influence on breast muscle content
and leg muscle weight. Odetola and Adetola, (2022) reported
the highest value for drumstick on 2% CA (11.17) followed
by control (10.65) while the least values were obtained in
4% CA (9.54), respectively. This could be attributed to the
level of inclusion or probably the type of organic acid used.

Effect of inclusion of citric acid on meat quality
Consumers define meat quality as the characteristics they
perceive as valuable, such as visual, sensory and health
characteristics, as well as more invisible qualities such as
the environmental impact of meat production and welfare
status of the production system (Madruga et al., 2008). A
carcass with different better proportions of fat or muscle
determines the quality of the product (Madruga et al., 2008).
The first critical point of the judgement of the quality of meat
occurs when the consumers buy the product. Thus, they
are part of the definition characterizing meat quality (Joo et al.,
2013). Consumers are interested in meat that can contribute
to their personal satisfaction.

In the study of Al-Harthi and Atti (2016) it was clear that
different concentrations of CA had no significant effects on
the meat’s physical traits. Peña et al. (2008) found no
statistical differences among the analysed treatments for
carcass and cut yields of 33-day-old broiler chickens
supplemented with citric acid. Upadhya et al. (2014) reported
that supplementation of an OAs blend (consisting of fumaric,
citric, malic and MCFA) did not have adverse effects or
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improvements in the meat color, pH and water holding
capacity (WHC). Similarly, Cho et al. (2014) reported that
the administration of a microencapsulated OAs combination,
including citric and sorbic acids, did not significantly affect
the meat color and pH of broiler chickens. Nevertheless,
inconsistent results were obtained by Fascina et al. (2012),
who reported enhanced meat quality characteristics in
broilers fed a diet supplemented with OAs, including 30%
lactic, 25.5% benzoic, 7% formic, 8% citric and 6.5% acetic
acid. The discrepancies in these results may be due to
different type and levels of acid inclusion in diet. Also, Popov-
raljić et al. (2002) found that the color and texture of raw
and thermally treated meat of chicken breasts are slightly
affected by citric acid addition (1.0% and 2.0%). Chicken
legs treated with citric acid by directly adding (2% w/v) (Del
et al., 2007) or dipping (0.052 to 0.156M solution (Gonz’alez-
Fandos et al., 2009) were found to improve the color
acceptability during a shelf-life study when compared with
the control group. Yang and Chen (1993) showed increased
lightness values and decreased redness values in raw breast
fillets marinated in citric acid.

Effect of citric acid on meat color
The effects of citric acid on the lightness (L*) color value of
cooked chicken breast meat samples after citric acid
marination were statistically significant (Unal et al., 2022).
While the lowest lightness (L*) was observed in the CA group
(73.30), the control group (76.37) had the highest values. In
terms of redness (a*) values, there was a decrease in chicken
breast meat marinated with citric acid compared to the control
group. While the CA sample (-0.48) had the lowest redness
(a*) value, the highest yellowness (a*) value was determined
in the control group (1.18), In comparison, the effect of chicken
breast meat marinated with CA on yellowness (b*) values
was statistically significant whereby it had the highest value
(14.68) compared to control groups. The lowest yellowness
(b*) value was observed in the control group. Similarly, the
CA treatment had the highest Chroma, the lowest value was
for the CA treatment for the hue parameter. The total color
difference (E) was measured between the treated and the
control samples (Patras et al., 2011). The CA marinades were
significantly different from the control group. According to the
color difference classification of the National Bureau of
Standards (NBS), the difference in E among samples can
be divided into six levels as 0-0.5 (trace), 0.5-1.5 (slight),
1.5-3.0 (noticeable), 3.0-6.0 (appreciable), 6.0-12.0 (high),
12.0 or more (very high) (Jeong et al., 2018). There was a
high difference between the control group and the samples
marinated with citric acid according to the NBS classification.
This, in turn, visibly changed the colors of the marinated
samples, resulting in a different product for the consumer.
Similar results were reported by Jeong et al. (2018) and Mutegi
and Patimakorn (2020).

Effect of citric acid on meat pH
An increase in citric acid concentration causes a decline in
the pH of chicken meat, which reduces microbial load

(Meltem et al., 2017). Yang and Chen (1993) conducted a
trial evaluating the effects of refrigerated storage, pH
adjustment and marinade on the color of raw and microwave
cooked chicken meat and reported a decreased pH, because
of marination in citric acid. Del Rio et al. (2007) reported
that chicken legs dipped in citric acid significantly reduced
pH immediately after treatment. Del Rio et al. (2007) stated
that immersion of chicken meat in citric acid significantly
decreased the pH after marination. The low pH value of meat
products is known to influence several factors during
storage, such as loss of redness, prolongation of storage,
stability of water-binding capacity and texture (Sammel and
Claus, 2003). Low pH (pH<5.8), in broiler meat exhibit a
pale, soft and exudative (PSE) condition, which is considered
a degraded meat quality parameter compared to meat
exposed to higher pH levels (pH>5.8) (Mckee et al., 1998).
Meltem et al. (2007) stated that with increasing citric acid
concentration, there was a clear decrease in muscle pH.
Also agrees with Ji-Han et al. (2015) who stated that
immersion of chicken meat in citric acid significantly
decreased the pH. A similar result was obtained by Yusop
et al. (2010) who found that acidic marinade solutions
decrease pH.

Effect of citric acid on shear force
A reliable approach for evaluating meat tenderness is
through shear force determination and the extent of
myofibrillar protein proteolysis depends on it
(Marcinkowaska-Lesiak et al., 2016). Shear force is a
measure of softness, with higher values indicating tougher
meat or less tender meat (Yang et al., 2010). According to
Fanatico et al. (2009) broilers that grew slowly resulted in
breast meat that is more tender than broilers that grew
quickly. This was attributed to bodyweight variations in each
genotype causing varying rates of post-mortem stiffness.

The shear forces of the citric acid groups were
significantly lower than that of control during storage (Ji-
Han et al., 2015). All groups showed a decline in the shear
force during storage. Lipid oxidation affects the decrease in
the tenderness of meat products, which can be related to
the interaction of lipid oxidation and cross-linking of proteins
(Lund et al., 2007). The decrease in the shear force of the
meat products with increasing citric acid concentration was
due to the reduction of pH, which influences the water-
binding capacity (Burke and Monahan, 2003). Water-holding
capacity of muscle and the tenderness of muscle increases
when the pH is below the isoelectric point of the major
myofibrillar proteins (Rao et al., 1989). The increased water-
holding capacity of the muscle at lower pH values may be
due to the increase in the net positive charges on the protein
molecules and the osmotic pressure exerted by the presence
of large amounts of organic acids to decrease pH.

Okeudo and Moss (2005) demonstrated that shear force
has a negative correlation with cooking yield and moisture
content. Especially, the shear force of 5CIT was significantly
lower than that of the other groups. The denaturation of
muscle protein due to treatment in acidic solutions is known
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to induce tissue breakdown and decrease the tenderness
of meat (Aktus and Kaya 2001; Ke et al., 2009). Therefore,
denaturation of protein and moisture content could influence
the reduction of shear force due to samples treated with
citric acid.

Effect of citric acid on cooking loss
Cooking losses refer to the total losses incurred during meat
cooking, including losses due to dripping or evaporation
(Obuz and Dikeman, 2003). The pH of meat determines how
much moisture is released during cooking. Meat with a high
pH will have a lower cooking loss compared to meat with a
low pHu (Lawrie and Ledward, 2006) and the resulting meat
products will be perceived as being dry (Warriss, 2010).
Chicken muscles exposed to high levels of stress prior to
sacrifice have lower pH and increased meat loss during
cooking (Fletcher, 2002; Lawrie and Ledwar, 2006). Meat
juiciness is decreased by increasing cooking losses, but this
is undesirable for consumers (Lawrie and Ledward, 2006).

Marination using citric acid contributed to a significant
increase in cooking loss values of all the samples compared
to the control group except for only in 4% CA. The lowest
cooking loss value (15.85%) was determined in the breast
sample served 4% CA. The highest value (28.42%) was
measured in the thigh sample also served 4% CA. Sammel
and Claus (2003) obtained an increase in cooking loss
percentages increased with increasing citric acid as a result
of increased acidity (lower pH), which decreased the ability
of meat to bind water. These findings disagree with Hosseini
and Esfahani Mehr (2015) who reported that the lowest
cooking loss was observed in samples marinated with the
highest concentration of citric acid. The decrease in loss
due to cooking acid treatments could be explained by the
swelling effect on muscle proteins that could hold more
water. Similarly, Serdaroglu et al. (2007) reported that
samples treated with 0.1M citric acid had the highest cooking
loss values. In samples marinated with acidic solutions, the
fibers swell and some muscle proteins can hold more water
decreasing the cooking loss from the samples (Klinho et al.,
2011). In contrast, Önenç et al. (2004) reported that
marinated meat samples had lower cooking losses than the
control group. This was probably due to the pH values
reducing protein isoelectric point, generating excess water
(Kahraman et al., 2012). Yusop et al. (2010) has indicated
that there is no difference in the cooking loss of chicken
breast marinated in solutions with various pH containing citric
acid. These results might be due to the lack of change in
the core pH of meats. Similarly, Cho et al. (2014) reported
that the administration of a microencapsulated OAs
combination, including citric and sorbic acids, did not
significantly affect the cooking loss.

CONCLUSION
The world population is increasing leading to a high demand
for animal source food therefore high levels of efficient
production are necessary to meet those demands. The only
way to attain optimal productivity is to improve nutrition

management. It is necessary to conduct research and
development on alternatives to antibiotics as feed additives.
Citric acid is a possible alternative growth promoter that can
replace antibiotics as feed additives whenever antibiotics
are not permitted in poultry diets. Citric acid is a weak organic
acid that lowers the pH of the gastrointestinal tract, which
enhances the absorption of nutrients and results in improved
growth rates and carcass quality in chickens. There is a
lack of data on the effects of CA supplementation in
indigenous chickens. As a result, it’s critical to evaluate the
impacts of CA supplementation levels as a potential growth
promoter in indigenous chickens, as well as to find optimal
supplementation levels.
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