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Livestock production has increased due to the use of antibiotics as growth promoters in livestock farming;
nevertheless, this practice has resulted in serious issues with antimicrobial resistance and has an adverse effect
on both human health and the environment. Therefore, the search for safe and effective alternatives becomes
very important. Conventional antibiotics may eventually be replaced by organic acids such as butyric, propionic,
acetic, and formic acids. These substances reduce the number of harmful microorganisms without affecting
the good intestinal flora by lowering the pH of the gastrointestinal tract, breaking down the cell membranes
of harmful bacteria, and preventing the action of crucial enzymes. Numerous studies have demonstrated that
adding organic acids to livestock feed or drink can enhance the immune system, growth performance, and
digestive health of animals, particularly pigs, cattle, and chickens. Its effectiveness is influenced by the type of
acid, dose, dosage form, and digestive environmental conditions. In practice, organic acids can be used alone
or in combination, as well as in conjunction with probiotics or prebiotics to maximize their synergistic effects.
Although encouraging, obstacles still need to be addressed, including the stability of organic acids in feed,
individual animal response variations, and production costs. Further research is needed to optimize effective
usage strategies, dosages, and formulations. Therefore, organic acids present a potentially secure, effective, and

crobial resistance, Medicine, Organic acids.

sustainable substitute to lessen the livestock industry’s need on antibiotics.

Introduction

The use of antibiotics in the livestock industry has been standard
practice for decades to improve livestock growth, feed utilization effi-
ciency, and prevent bacterial infections (Kasimanickam et al., 2021). Al-
though growth-promoting antibiotics increase the output of meat, milk,
and eggs, their overuse and unchecked use can have detrimental effects,
such as the development of antibiotic resistance (Manyi-Loh et al., 2018).
Antibiotic-resistant pathogenic bacteria can proliferate through the food
chain, water, livestock habitats, and direct animal-human interaction
(Pandey et al., 2024). Given that resistant bacteria can result in diseas-
es that are challenging to treat, raise the possibility of therapeutic fail-
ure, and result in a substantial financial burden, this phenomena poses a
threat not only to the health of cattle but also to human health (Ferraz,
2024). Antimicrobial resistance concerns around the world have prompt-
ed limitations on the non-therapeutic use of antibiotics in cattle produc-
tion and highlighted the pressing need to identify sustainable, safe, and
effective substitutes (Salam et al., 2023).

In this context, organic acids have emerged as promising alternative
candidates. Organic acids, such as butyric, propionic, acetic, and formic
acids, are carboxylic substances having short to medium carbon chains
(Huang et al,, 2011). These substances can be added straight to drinking
water or animal feed, or they can be produced spontaneously during mi-
crobial fermentation (Siddiqui et al., 2023). Organic acids have a variety of
antimicrobial properties, such as lowering the pH of the gastrointestinal
tract to make the environment less favorable for harmful bacteria, ruptur-
ing cell membranes, and preventing the activity of enzymes that are nec-
essary for the pathogens’ metabolism (Anumudu et al., 2024). This activity
is selective, allowing beneficial gut flora to persist and support digestive
health (Waghmare et al., 2025). Thus, without leaving harmful residues or

increasing the chance of long-term resistance, organic acids can partially
replace the function of conventional antibiotics in enhancing the health
and performance of animals (Abd El-Hack et al., 2022).

Supplementing with organic acid has been demonstrated in numer-
ous studies to enhance immunological response, growth, and digestive
efficiency in a variety of livestock species, including cattle, pigs, and chick-
ens (Adil et al,, 2010; Fontoura et al.,, 2023; Nhara et al., 2024). Its effective-
ness is influenced by the type of acid, dose, dosage form (liquid, solid, or
microencapsulated), and gastrointestinal environmental conditions (Khan
et al., 2022). Organic acids can be used singly or in combination, and for
maximum synergistic benefits, they are occasionally paired with probiot-
ics or prebiotics (Bozkurt et al., 2009). This approach not only inhibits the
growth of harmful bacteria but also fortifies the intestinal mucosa and
enhances livestock’s overall metabolic efficiency (Chukwudi et al.,, 2025).

The use of organic acids is promising, but it also has drawbacks, in-
cluding production costs, feed component stability, and individual live-
stock’s varying responses (Broom, 2015). Therefore, more research is re-
quired to identify the best combination strategy, the ideal dosage, and
the most effective formulation. The safety and sustainability of using or-
ganic acid also depend on long-term assessments of the health of cattle
and the quality of food products (Rahman et al., 2024).

The aim of this review was to comprehensively analyze the role of
organic acids as an alternative to antibiotics in animal husbandry, with
a focus on their mechanisms of action, effectiveness, and applications.
It is anticipated that a comprehensive grasp of the potential, benefits,
and drawbacks of organic acids will support international efforts to low-
er antibiotic resistance and offer scientific direction to researchers and
livestock industry practitioners in the development of safe, effective, and
sustainable pathogen control methods.
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Classification and types of organic acids

Organic acids used in animal husbandry generally include com-
pounds such as formic acid, acetic acid, propionic acid, and butyric acid,
which can be obtained from natural or synthetic sources and are provided
in various forms, including pure, mixed, solid, and liquid; differences in
the chemical properties of each acid, such as acid strength, carbon chain
length, and solubility, directly affect its antimicrobial activity and effec-
tiveness in suppressing the growth of pathogenic bacteria in the digestive
tract of livestock. Table 1 presents a classification of the types of organic
acids commonly used in livestock, including their source (natural or syn-
thetic), dosage form, chemical characteristics, antimicrobial mechanism
of action, and additional benefits for livestock health and performance.

Commonly used types of organic acids

Organic acids used in livestock generally include carboxylic com-
pounds with short to medium carbon chains, which have antibacterial
properties and play a role in improving the digestive health of livestock
(Tugnoli et al., 2020). The most prevalent kinds are butyric acid, propionic
acid, acetic acid, and formic acid. Formic acid is one of the most common-
ly utilized organic acids due to its potent ability to lower the pH of the
gastrointestinal tract, which makes the intestinal environment less condu-
cive to the growth of harmful bacteria like Salmonella and Escherichia coli
(Luise et al., 2020). Formic acid can also enhance nutrition absorption and
boost the activity of digestive enzymes (Abd El-Hack et al., 2024).

Acetic acid, which is the main component of vinegar, has effective
antimicrobial properties against both Gram-positive and Gram-negative
bacteria, and can modulate the intestinal flora to support the growth of
beneficial microbes (Ryssel et al., 2009). Propionic acid is well-known for
its capacity to inhibit the growth of harmful bacteria and fungus as well as
for being stable in feed (Biicher et al., 2021). Furthermore, propionic acid
is frequently combined with other acids to increase their antibacterial ac-
tivity in a synergistic manner (Antone et al., 2023).

Butyric acid, a compound with a longer carbon chain, plays an im-
portant role in gut health because it is an energy source for intestinal
epithelial cells and can strengthen mucosal integrity (Kalkan et al., 2025).
Additionally, butyric acid helps to reduce inflammation in the digestive
tract and modulate the immune system, which enhances livestock devel-
opment and digestive efficiency (Chen et al., 2025).

These kinds of organic acids can be used in single or combination
forms, and their application can be customized to meet certain objectives
like enhancing gut health, reducing infections, or boosting growth per-
formance (Waghmare et al., 2025). Furthermore, its efficacy, stability in
the feed, and release in the gastrointestinal tract can all be impacted by
the dosage form—liquid, solid, or microencapsulated (Feye et al., 2020).

The secret to getting the best outcomes in sustainable and healthful an-
imal production is choosing the appropriate kind and blend of organic
acids.

Sources and forms of use

Organic acids used in animal husbandry can come from natural or
synthetic sources. Synthetic sources are derived from chemical techniques
that enable large-scale production with regulated uniformity, whereas
natural sources include metabolites produced by probiotic microbes,
agricultural by-products, and microbial fermentation products (Fitsum et
al., 2025). The choice of source is important because it affects the purity,
stability, and antimicrobial effectiveness of the compound used (Teshome
etal, 2022).

Organic acids come in a variety of dose forms, such as liquid, solid,
blended, and pure. The mixed form of organic acids, which contains mul-
tiple types, is used to increase the synergistic action against pathogenic
bacteria and widen the spectrum of antimicrobial activity, while the pure
form allows for precision dosing and control of its biological effects (Sor-
athiya et al, 2025). Solid forms are generally applied in dry feeds due
to their better stability and easier handling, while liquid forms are more
suitable for mixing into drinking water or wet feed, facilitating rapid re-
lease in the early digestive tract (Bakshi et al., 2023). Furthermore, certain
formulations increase the total antibacterial activity by preventing the
acid from degrading before it reaches the distal gut through the use of
microencapsulation techniques (Nguyen et al., 2020).

Livestock practitioners can select the appropriate formulation based
on the desired use, such as pathogen management, digestive health en-
hancement, or supporting optimal livestock growth performance, by be-
ing aware of the sources and types of organic acid formulations. Organic
acids can be used in a safe, effective, and sustainable manner because
proper selection guarantees compound stability, equal distribution in the
digestive tract, and consistent antibacterial activities (Gomez-Garcia et
al., 2019).

Differences in chemical characteristics that affect antimicrobial activity

The effectiveness of organic acids to inhibit the growth of harmful
bacteria in livestock is greatly impacted by differences in their chemical
properties (Yoon et al., 2024). Chemical characteristics including solubility,
dissociation ability, pKa value, and carbon chain length all affect an acid's
antibacterial activity (Sorathiya et al, 2025). Short-carbon acids, includ-
ing acetic and formic acid, can more readily pass through bacterial cell
membranes and reduce intracellular pH, which can cause disruptions in
pathogen growth, enzyme activity, and cell metabolism (Ji et al, 2023).
On the other hand, medium to long chain acids, such propionic acid and

Table 1. Classification, sources, and characteristics of organic acids used in animal husbandry.

Types of Chemical . . . . .. . .
YPESOL - Source Dosage form . . Mechanism of action / Antimicrobial effect Additional functions / Benefits for livestock
organic acids characteristics
Natural . hort . . . L e
a. ura . Pure, mixed, S 0. carbon Lowers gastrointestinal pH, penetrates bacterial Increases digestive enzyme activity, improves
... (microbial . chain, low . . . . L. .
Formic acid . solid, and cell membranes, disrupts metabolism, and nutrient absorption, and suppresses Eschericia coli
fermentation) liquid pKa, and wa- enzyme activity of pathogens and Salmonella
and synthetic d ter soluble Y ¥ ot pathog
Natural Pure, mixed, Short carbon . .
L H ure, mixed, . Lowers pH, disrupts the metabolism of Modulates gut flora and supports the growth of
Acetic acid  (vinegar) and solid, and chain and L . . . .
. o Gram-positive, and Gram-negative bacteria beneficial microbes
synthetic liquid water soluble
Natural Pure, mixed, Medium

solid, liquid, carbon chain

Propionic acid (fermentation)

Inhibits the growth of pathogenic bacteria and

Used in combination for synergistic effect and stable

.~ and microen- and stable in fungi, works slower but lasts longer in feed
and synthetic
capsulated  feed
Pure, mixed,

Natural
Butyric acid  (fermentation)
and synthetic

solid, liquid,
and microen-

capsulated and soluble

epithelium

Longer carbon Local effects in the distal intestine, support-
chains, stable, ing the integrity of the intestinal mucosa, and

Energy source for epithelial cells, modulation of the
immune system, reducing inflammation, and increas-
ing digestive efficiency
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butyric acid, enhance intestinal epithelial health and mucosal integrity
while having slower membrane penetration and longer-lasting local ef-
fects (Tian et al., 2020).

The tendency of an acid to ionize in the gastrointestinal environment
is indicated by its pKa value, which influences the quantity of free H" ions
to reduce pH and prevent the growth of harmful bacteria (Carpenter and
Broadbent, 2009). Higher pKa acids are more stable and can withstand
into the distal portion of the colon, increasing the spectrum of antibacte-
rial activity, but lower pKa acids are better at decreasing pH in the early
portion of the digestive tract (Mustafa et al,, 2021). The distribution of
organic acids along the digestive system is also influenced by solubility
and chemical stability; acids that are chemically stable can sustain ef-
fective concentrations for extended periods of time, which improves the
capacity to control pathogenic bacteria in a sustainable manner (Tugnoli
et al, 2020).

Combinations of several kinds of organic acids are frequently em-
ployed to produce a wider spectrum of action since their chemical prop-
erties differ. In addition to boosting antimicrobial efficacy, this combined
approach reduces resistance risk, promotes the development of healthy
bacteria, and enhances livestock's general digestive health (Qui, 2023).
Organic acid compositions can be tailored for a variety of uses, such as
preventing infections, enhancing animal performance, or boosting the
immune system, by comprehending the variations in these chemical char-
acteristics.

Mechanism of action of organic acids

Organic acids suppress the growth of pathogenic bacteria through
multifaceted mechanisms, including lowering gastrointestinal pH, dis-
rupting cell membrane integrity, and inhibiting metabolic enzymes,
thereby limiting the proliferation of pathogens such as Escherichia coli
and Salmonella without harming the beneficial microbiota, and offering
a safer alternative to conventional antibiotics by reducing the risk of an-
timicrobial resistance.

How antibacterials work

Organic acids actively disrupt the survival and growth of harmful
bacteria in livestock’s digestive tracts by exhibiting antibacterial activity
through a number of interconnected ways (Ji et al., 2023). The first major
mechanism is a decrease in gastrointestinal pH (Tugnoli et al,, 2020). The
intracellular pH can be lowered by non-ionized organic acids because
they can pass through the bacterial cell membrane and release H+ ions
into the cytoplasm (Warnecke and Gill, 2005). Bacterial growth and pro-
liferation are disrupted by this pH drop because it throws off the internal
acid-base balance of cells, stops important enzymes from working, and
lowers the capacity of cell metabolism to generate energy (Atasoy et al,
2024).

The second mechanism is disruption of the bacterial cell membrane
(Soares-Silva et al., 2020). The lipid bilayer of the membrane may interact
with lipophilic organic acid molecules or medium carbon chains, leading
to enhanced permeability, cell contents leakage, and ion imbalance that
ultimately results in cell death (Lin et al,, 2021). The beneficial gut flora
can endure because of the process’s selectivity against a broad variety
of pathogenic bacteria, including both Gram-positive and Gram-negative
ones (Jandhyala et al., 2015).

Furthermore, organic acids have the ability to block metabolic en-
zymes (Wu et al., 2021). Organic acids enter the cell and disrupt the activ-
ity of enzymes that are essential in energy metabolism, DNA replication,
and protein synthesis, which prevents the bacteria from reproducing (Ji
et al,, 2023). These mechanisms are often synergistic, meaning the com-
bination of pH reduction, membrane disruption, and enzyme inhibition
produces a stronger antibacterial effect than either mechanism alone.

Activity against pathogenic and probiotic bacteria

Organic acids have a significant impact on microbial control in live-
stock’s digestive tracts because they selectively inhibit harmful bacteria
while promoting the development of healthy microbiota (Fathima et
al., 2022). Compounds such as formic acid, acetic acid, propionic acid,
and butyric acid effectively suppress the population of pathogens such
as Escherichia coli, Salmonella spp., and Clostridium spp. through com-
plex mechanisms, including decreasing intracellular pH, disrupting cell
membrane integrity, and inhibiting the activity of metabolic enzymes
essential for bacterial growth and proliferation (Liu et al, 2021). Patho-
gen-unfriendly conditions are produced by a drop in pH, and pathogenic
bacteria’s capacity to proliferate is suppressed by membrane rupture and
enzyme inhibition, which also prevent cellular activity and protein synthe-
sis (Yoon et al., 2024).

Conversely, probiotic bacteria, like Lactobacillus species and Bifido-
bacterium species, have internal adaption mechanisms that enable them
to maintain pH homeostasis and regular metabolic activity, making them
comparatively more tolerant to acidic environments (Dempsey and Corr,
2022). This selectivity improves the health and digestive efficiency of live-
stock by maintaining the stability of good gut flora, which supports the
fermentation of fiber, the generation of short-chain fatty acids, and the
absorption of nutrients (Guan et al., 2021). Through food competition
and the generation of naturally occurring antimicrobial compounds, pre-
serving a population of beneficial bacteria also contributes to preventing
pathogen colonization (Pickard et al., 2017).

Organic acids provide a safe and sustainable way to enhance ani-
mal health and growth performance while lowering dependency on tra-
ditional antibiotics and the risk of antibiotic resistance. They do this by
suppressing infections while preserving the balance of the gut micro-
biota (Ma et al,, 2021). Determining the best kind, concentration, and
composition of acid for contemporary cattle management requires an
understanding of this selection behavior.

Comparison with conventional antibiotic mechanisms

Organic acids and conventional antibiotics both have the ability to
suppress the growth of pathogenic bacteria, but their mechanisms of ac-
tion are fundamentally different. Conventional antibiotics typically target
particular biological processes in bacterial cells, like DNA replication (flu-
oroquinolones), protein synthesis (tetracyclines, macrolides), or cell wall
building (B-lactams) (Muteeb et al., 2023). Antibiotics can quickly eradi-
cate or stop the growth of germs thanks to this particular mechanism,
but it also produces selective pressure that may cause antimicrobial resis-
tance to develop (Gauba and Rahman, 2023).

Organic acids, on the other hand, function via a complex process that
is more sensitive to environmental factors and physical-chemical interac-
tions (Batista-Silva et al,, 2018). These substances alter the integrity of cell
membranes, decrease the pH of the gastrointestinal tract, and non-spe-
cifically suppress the activity of metabolic enzymes (Ebeid and Al-Homi-
dan, 2021). The ability of beneficial probiotic bacteria to maintain internal
homeostasis and adapt to low pH makes this mechanism more likely to
be selective against pathogens (El-Garhi et al., 2025). Thus, organic acids
are able to suppress the pathogen population while maintaining the bal-
ance of the gut microbiota, in contrast to conventional antibiotics which
often reduce the entire bacterial population, both pathogenic and probi-
otic (Pickard et al.,, 2017).

In addition, organic acids have the advantage of reducing the risk of
long-term resistance because their mechanism does not target a single
metabolic pathway that is easily modified by genetic mutations (Zhang
and Cheng, 2022). The use of organic acids as a supplement or substi-
tute for traditional antibiotics is a sustainable approach in animal hus-
bandry because of their diverse and non-specific qualities, which hinder
the development of disease resistance (Rahman et al., 2022). Ultimately,
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creating the best feed supplementation programs, enhancing animal per-
formance and gut health, and lowering dependency on traditional antibi-
otics all depend on a knowledge of these mechanistic variations.

Figure 1 provides a schematic representation of the multifaceted
mechanisms through which organic acids exert antibacterial effects, in-
cluding gastrointestinal pH reduction, disruption of bacterial cell mem-
brane integrity, and inhibition of metabolic enzymes, while concurrently
maintaining the stability of beneficial microbiota.

Lowering Disruption of Inhibition
pH cellmembrane  of metabolic
enzymes

ooO

° °®,

Escherichia coli
Salmonella

Organic ac1ds
Lactobacillus

Bifidobacterium

1§ J
Y
Preservation of
beneficial microbiota

Suppression of
pathogenic bacteria

Figure 1. Mechanistic pathways of organic acids in suppressing pathogenic bac-
teria and preserving beneficial microbiota.

Effectiveness of organic acids in animal hus-
bandry

Organic acids have been shown to be effective in suppressing the
growth of pathogenic bacteria, while supporting livestock health by im-

proving digestive efficiency, growth performance, and immune response;
this effectiveness has been supported by various studies in livestock spe-
cies such as chickens (Bagal et al,, 2016), cattle (Castillo et al, 2004), and
pigs (Nguyen et al, 2020), and is influenced by factors such as dosage,
dosage form, combination of acid types, and intestinal environmental
conditions that determine the availability and biological activity of the
compound.

Effectiveness against the growth of pathogenic bacteria

Organic acids have demonstrated efficacy in inhibiting the growth
of harmful bacteria, such as Salmonella spp. (Van Immerseel et al., 2006),
Clostridium spp. (Ko et al., 2025), and Escherichia coli (Raftari et al., 2009),
which commonly infect the digestive system of animals. The main mech-
anism of its efficacy is a complex collection of factors, such as suppres-
sion of bacterial metabolic enzyme activity, breakdown of cell membrane
integrity, and a drop in stomach pH (Dibner and Buttin, 2002). The intra-
cellular pH can be lowered by non-ionized organic acids because they
can pass through the pathogen cell membrane and release H* ions into
the cytoplasm (Slonczewski et al., 2009). Pathogen growth and prolifer-
ation are inhibited by this pH drop because it upsets the body’s natural
acid-base balance, inhibits vital enzymes, and lowers the capacity of cell
metabolism to generate energy (Atasoy et al., 2024).

Furthermore, the lipid bilayer of bacterial cell membranes is impacted
by interactions between lipophilic organic acid molecules or medium car-
bon chains, which increase permeability, cause cell contents to seep out,
and produce ion imbalances that lead to cell death (Ji et al., 2023). This
mechanism is effective against both Gram-positive and Gram-negative
bacteria and often works synergistically with pH reduction and enzyme
inhibition, thereby increasing overall antibacterial strength (Zhang et al,
2021).

Selectivity for gut bacteria is another benefit of organic acids (Gar-
cia-Gutierrez et al,, 2019). The beneficial flora population is maintained
by probiotic bacteria, such as Lactobacillus spp. and Bifidobacterium spp.,
which are comparatively resistant to acidic environments because of their

Table 2. Effectiveness of organic acids on digestive health, growth performance, and gut microbiota in various livestock species.

lee:stock Types. of . . Working mechanism Result indicators Practical notes Reference
species organic acids
Formate, Lowers gastrointestinal pH, Egg production 1, shell quality Microencapsulation improves distribution in the (Khan et al
Laying hens propionate,  inhibits pathogen growth, and 1, and Lactobacillus spp. pop- distal intestine and dosage is adjusted according 2020) ”
and butyrate increases beneficial flora ulation 1 to age and production phase.
Broiler Formate, Decreased pH, disruption O.f .. ADG 1,FCR |, and diarthea  Liquid or microencapsulated forms are more (Song et al.,
. propionate,  pathogen membranes, and inhibi- . . . .
chicken . . incidence | effective for rapid growth 2017)
and butyrate tion of metabolic enzymes
Laying ducks Fom}ate and Decr.ease in pH and modulation Egg product.lon' 1, sk'm a'nd The dos'age is adjusted according to age and (Li et al., 2024)
propionate  of microbiota feather quality is maintained  production phase.
Fomate, Suppresses pathogens and im- ~ ADG 1, FCR |, and optimal ~ Combinations of organic acids are more effec- (Huang et al.,
Meat ducks  propionate, . o L . .
proves nutrient digestion digestive health tive than single ones. 2025)
and butyrate
Acetate, pro- Lowers rumen pH, supports . . . . . . L .
. . . Milk production 1, milk quality Solid or microencapsulated form maintains acid  (Sutton et al.,
Dairy cows  pionate, and fiber fermentation, and VFA e . .
. 1, rumen health stable stability in the digestive tract. 2003)
butyrate production 1
. . . . . . L . (Rathert-Wil-
Propionate ~ Lowering rumen pH and increas- { weight gain rate and optimal The dose is adjusted according to age and body .
Beef cattle . .o . Lo . liams et al.,
and butyrate ing digestive efficiency digestive health weight 2023)
. Forrr}ate, Suppresses pathogen growth and ADG 1, FCR |, and Lactoba- Corpbmathn of organic acids is more effective, (Zhou et al.,
Pig propionate, improves mucosal inteerit cillus s opulation 1 liquid or microencapsulated form is recom- 2020)
and butyrate P gty pp- pop mended
Formate and Lowers rumen P H, supports ADG T, efﬁc1ent feed . The dose is adjusted according to age and body  (Zhuang et al.,
Goat fiber fermentation, and improves consumption, and beneficial . .
butyrate . . . . weight, stable solid form for dry feed 2024)
digestive health microbiota population 1
Formate, I.)ecrease.m rumen pH, modula- T.welght gamn r?te, ) feed ?fﬁ_ The combination of organic acids supports the (Sujani et al.,
Sheep propionate,  tion of microbiota, and strength- ciency, and optimal digestive . .
. ; . performance and balance of the microbiota 2024)
and butyrate ening of mucosal integrity health
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internal adaptability (Chandrasekaran et al., 2024). This selectivity guaran-
tees that pathogen management does not upset the microbiota’s equilib-
rium, promoting the generation of short-chain fatty acids, fiber fermen-
tation, and nutrient absorption, all of which enhance digestive health and
animal development.

Impact on livestock health

Organic acids have been demonstrated to significantly improve
livestock’s immunological response, growth performance, and digestive
health when added to animal feed (Kumar et al, 2021). Organic acids
work in the digestive tract to reduce the pH of the gastrointestinal tract,
which makes it less favorable for harmful bacteria including Salmonella,
Clostridium, and Escherichia coli (Paul et al, 2007). Additionally, this pH
drop promotes the growth of good bacteria, including Lactobacillus and
Bifidobacterium species, which contribute to the fermentation of fiber,
the synthesis of short-chain fatty acids, and improved nutrient absorption
(Ademosun et al., 2025). The availability of nutrients for cattle growth and
the effectiveness of energy metabolism is directly improved by this more
balanced digestive state.

Organic acids can improve the rate of weight gain and feed conver-
sion in terms of growth performance by enhancing the digestion of pro-
teins and carbohydrates, boosting the activity of digestive enzymes, and
promoting better vitamin and mineral absorption (Sharifuzzaman et al,
2025). Furthermore, the intestinal wall is strengthened by the integrity of
the intestinal mucosa, which is maintained by organic acids, particularly
butyric acid. This lowers the danger of infection and local inflammation,
which indirectly enhances growth performance (Takiishi et al., 2017).

Organic acids also provide immunomodulatory effects (Du et al,
2023). This substance can decrease intestinal inflammation by inhibit-
ing the growth of pathogens, which lowers the immunological load and
boosts the adaptive immune response to infection (Vinayamohan et al,
2024). Some types of organic acids, especially short to medium chains,
can stimulate the production of immune cells and signaling molecules
such as cytokines, strengthening the body's defenses against pathogens
(Duan et al., 2023). Through this complex process, organic acids enhance
intestinal health, digestive effectiveness, and livestock’s immune system
in addition to acting as antibacterial agents and physiological modula-
tors.

Research data from various livestock species

Research data from various livestock species shows that organic acid
supplementation in feed has a significant impact on digestive health,
growth performance, and gut microbiota balance. Table 2 summarizes
the effectiveness of organic acids on various livestock species. This data
highlights the mechanisms of action of organic acids, measurable out-
come indicators, and practical considerations for field application. Organ-
ic acids like formic, propionic, acetic, and butyric acids generally function
by lowering the pH of the rumen or gastrointestinal tract, rupturing the
cell membranes of pathogens, and preventing the activity of metabolic
enzymes. This stops the growth of harmful bacteria while promoting the
development of beneficial microbiota.

In laying and broiler chickens, organic acid supplementation increas-
es egg production, shell quality, average daily gain (ADG), and feed con-
version efficiency (FCR), while reducing the incidence of diarrhea (Khan
et al, 2020; Song et al, 2017). A microencapsulation strategy is recom-
mended for optimal distribution in the distal gastrointestinal tract. Laying
and broiler ducks showed similar responses, with improved egg, skin, and
feather quality, and more efficient growth (Li et al, 2024; Huang et al.,
2025).

In ruminants such as dairy and beef cattle, as well as goats and sheep,
organic acids support fiber fermentation in the rumen, increase short-
chain fatty acid (VFA) production, improve digestive efficiency, and re-

duce the risk of digestive disorders (Sutton et al., 2003; Rathert-Williams
et al,, 2023). This is reflected in increased milk production in dairy cattle
and improved weight gain rates in beef cattle, goats, and sheep (Zhuang
et al., 2024; Sujani et al., 2024).

In pigs, the use of a combination of organic acids significantly sup-
pressed the growth of intestinal pathogens, increased mucosal integrity,
and supported the population of Lactobacillus spp., thereby improving
ADG, FCR, and overall digestive health (Zhou et al., 2020).

Factors that influence effectiveness

The effectiveness of organic acids in animal feed is influenced by
several critical factors, including dose, dosage form, combination of acid
types, and environmental conditions of the digestive tract. The correct
dosage determines the ability of organic acids to lower gastrointestinal or
rumen pH, inhibit the growth of pathogenic bacteria, and support benefi-
cial microbiota (Dittoe et al.,, 2018). A dose that is too high can upset the
microbiota’s equilibrium or irritate the mucosa, while one that is too low
usually isn't enough to inhibit infections (Ji et al., 2023).

The dosage form also affects the distribution and release of organic
acids in the digestive tract. The solid form is more stable in dry feed,
while the liquid form can be released quickly in the early gastrointestinal
system (Tugnoli et al., 2020). Microencapsulation techniques are gaining
popularity because they protect the acid from degradation and allow for
gradual release in the distal gut, thereby increasing overall antimicrobial
effectiveness (Piva et al., 2007).

Combinations of several types of organic acids are often used to
create a broader and synergistic spectrum of antibacterial activity (Gé-
mez-Garcia et al,, 2019). Short-chain acids such as formic acid are effec-
tive in lowering pH in the early part of the intestine, while medium-chain
acids such as butyrate provide a longer-lasting local effect and support
mucosal integrity (Kumar et al, 2022). This combination strategy also
helps reduce the risk of pathogen resistance and maintain beneficial mi-
crobiota populations (Chandrasekaran et al., 2024).

Furthermore, the environment of the digestive tract, which includes
pH, the makeup of nutrients, and the presence of specific enzymes or
microbiota, affects how well organic acids interact with harmful bacterial
cells (Rowland et al, 2018). The effectiveness of pathogen suppression
and the general digestive health of livestock will both be improved by
conditions that promote acid stability and even distribution (Dittoe et al.,
2018). Understanding these factors is essential for designing optimal, safe
and sustainable feed formulations in modern livestock practices.

Application and implementation

The use of organic acids in animal husbandry can be applied through
supplementation in feed or drinking water, combined with probiotics or
prebiotics to strengthen digestive health, and as a strategy to reduce the
use of conventional antibiotics.

Use in feed, drink, or direct mixture

Organic acids can be applied in livestock systems through various
methods, including direct mixing into feed, addition to drinking water,
or a combination of both, to maximize their effectiveness in improving
digestive health and livestock performance (Waghmare et al, 2025).
Through feed supplementation, nutrients can be directly absorbed and
distributed uniformly throughout the day, reducing the pH of the rumen
or gastrointestinal tract, preventing the formation of harmful bacteria,
and promoting the development of beneficial microbiota (Rathnayake
et al, 2021). Addition to drinking water offers flexibility in administra-
tion, particularly for pigs and poultry, and permits the early digestive
tract to release organic acids quickly, successfully suppressing harmful
bacteria like Salmonella spp. and Escherichia coli (De Busser et al., 2011).
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The combination approach, which involves incorporating organic acids
into drinking water and feed at the same time, can increase the range of
antibacterial action, produce a synergistic effect, and guarantee efficient
distribution throughout the digestive system (Szott et al., 2022). The se-
lection of application method is adjusted to the characteristics of organic
acids, optimal dosage, physical and chemical properties of feed or water,
and the growth phase of livestock, to ensure consistent antimicrobial ef-
fects, maintenance of beneficial intestinal flora, as well as increasing the
rate of weight gain and overall feed conversion efficiency (Mani-Lopez
et al,, 2012). This approach is viable in contemporary animal production
since it also encourages the decrease in the usage of traditional antibi-
otics.

Combination with probiotics or prebiotics

A synergistic approach that is being used more and more in livestock
systems to enhance digestive health and performance is the combining
of organic acids with probiotics or prebiotics (Markowiak and Slizewska,
2018). Organic acids reduce the pH of the rumen or gastrointestinal tract
and inhibit the growth of harmful bacteria, whereas probiotics like Lac-
tobacillus and Bifidobacterium promote microbial balance, improve the
fermentation of fiber, and generate bioactive metabolites that are good
for the intestinal epithelium (Loo et al.,, 2025). Probiotic colonization and
activity are increased by prebiotics, such as fermentable fibers or oligo-
saccharides, which act as substrates for good bacteria (You et al., 2022).

Applying this combination had a bigger impact than using probiotics,
prebiotics, or organic acids by themselves. Probiotics and prebiotics help
maintain microbiota homeostasis and increase the production of short-
chain fatty acids (VFAs), which are important for immune system stimu-
lation and intestinal mucosal integrity (Markowiak-Kope¢ and Slizewska,
2020). Organic acids cause the pH to drop, which makes the environment
unfriendly to pathogens (Jiao et al,, 2022). Additionally, this combination
may improve feed conversion and weight gain rates, decrease the fre-
quency of diarrhea, and boost the effectiveness of nutrient absorption
(Shehata et al.,, 2022).

In addition, this strategy supports the reduction of conventional anti-
biotic use by selectively suppressing pathogens and maintaining benefi-
cial gut flora, so that the risk of antimicrobial resistance can be minimized
(Murugaiyan et al,, 2022). The selection of organic acid types, probiotic
strains, and prebiotic types and doses must be adjusted to livestock spe-
cies, growth phases, and production objectives to achieve optimal, safe,
and sustainable effects in modern livestock practices (Uyeno et al,, 2015).

Strategy to reduce antibiotic use through organic acid supplemen-
tation

Supplementation of organic acids in livestock feed and drinking wa-
ter has been identified as an effective strategy to reduce reliance on con-
ventional antibiotics in livestock production (Abd El-Hack et al., 2022).
The primary mechanisms behind this strategy’s efficacy are a drop in the
pH of the rumen or gastrointestinal tract, damage to the pathogenic bac-
teria’s cell membrane integrity, and inhibition of the activity of metabolic
enzymes crucial to the development and spread of harmful microorgan-
isms (Yoon et al, 2024). The beneficial gut flora can stay stable by se-
lectively lowering the number of pathogens including Salmonella spp.,
Clostridium spp., and Escherichia coli (Irkin et al., 2015). This promotes
the formation of short-chain fatty acids, fiber fermentation, and the best
possible absorption of nutrients.

Utilizing organic acids instead of antibiotics also lessens the selective
pressure that typically results from using traditional antibiotics, lowering
the possibility of long-term antimicrobial resistance (Muteeb et al., 2023).
Higher and more sustainable animal productivity is a result of additional
advantages such as enhanced growth performance, feed conversion effi-
ciency, and more consistent digestive health (Sharifuzzaman et al., 2025).

This strategy can be implemented through various approaches, in-
cluding mixing directly into feed, adding to drinking water, or using a

combination with probiotics and prebiotics for a synergistic effect (Mar-
kowiak and Slizewska, 2018). The kind of organic acid, dosage, and ad-
ministration form (liquid, solid, or microencapsulated) must be chosen
with the kind of livestock, growth stage, and production goals in mind
(Partanen and Mroz, 1999). This strategy lessens dependency on tradi-
tional antibiotics without sacrificing cattle productivity or health while
promoting safer, more sustainable, and ecologically friendly modern live-
stock operations.

For a comprehensive overview, Figure 2 presents the implementation
pathways of organic acids in livestock production, emphasizing their ad-
ministration through feed and drinking water, their synergistic use with
probiotics and prebiotics, and their role in reducing antibiotic dependen-
cy while enhancing digestive health and overall animal performance.

Improves
digestive health

and livestock
performance

: Combination with\

i probiotics or prebiotics
Drinking [ :
Water :

Reduces antibiotic use throug
pH reduction and antibacterial
activity

Figure 2. Implementation pathways of organic acids in modern livestock pro-
duction.

Limitations and challenges

Limitations and challenges in the use of organic acids in livestock in-
clude variability in responses between species and environmental condi-
tions, issues of compound stability in feed and the digestive tract, consid-
erations of costs and production scale, and the need for further research
to determine optimal doses, combinations, and formulations.

Variability of response between livestock and environmental conditions

The response of livestock to organic acid supplementation can differ
significantly between species and is influenced by environmental condi-
tions and husbandry management (Bhandari et al., 2021). Since ruminants
like cattle, goats, and sheep have more complex digestive systems with
rumen fermentation, the effects of supplementation may be slower but
still significant on the production of short-chain fatty acids and the health
of the rumen mucosa (Pokhrel and Jiang, 2024). In contrast, poultry, such
as chickens and ducks, typically exhibit a rapid decrease in gastrointesti-
nal pH and a relatively rapid growth response to organic acids (Fathima
et al, 2022). The efficiency of organic acids is also influenced by envi-
ronmental factors, including temperature, humidity, feed quality, cage
density, and livestock stress levels, in addition to species considerations
(Nguyen et al.,, 2018). This variation affects the capacity to suppress harm-
ful bacteria, interactions with the local microbiota, and the distribution of
chemicals in the digestive system. Therefore, supplementation strategies
should be tailored to species characteristics, growth phases, and environ-
mental conditions to ensure consistent effectiveness in improving diges-
tive health, growth performance, and gut microbiota balance (Berding
et al, 2021). A thorough understanding of this variability is essential to
optimize the dosage, dosage form, and combination of organic acids in
modern livestock practices.
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Stability of organic acids in feed or digestive system

The potential of organic acids to inhibit harmful microorganisms and
promote the digestive health of animals is significantly influenced by
their stability (Atasoy et al., 2024). Degradation or chemical interactions
between organic acids and feed ingredients like proteins, minerals, or
fiber might lower the active concentration and lessen the antibacterial
activity of the acid (Adewole et al.,, 2021). This stability is also influenced
by the organic acid dosage form; for instance, liquid forms are more like-
ly to degrade because of feed pH or water interaction, while solid and
microencapsulated forms are more likely to remain stable and maintain
effective concentrations until they reach the distal gastrointestinal tract
(Adepu and Ramakrishna, 2021).

In the livestock digestive system, physiological conditions such as
pH, the presence of digestive enzymes, and the activity of local microbi-
ota also influence the stability and availability of organic acids (Xu et al.,
2021). In the early gastrointestinal tract, short-chain acids like acetic and
formic acid are effective because they dissociate more quickly in low pH
environments. In contrast, medium-chain acids like propionic and butyric
acid are more stable and tend to last into the rumen or distal intestine,
where they support mucosal integrity and have a longer-lasting antimi-
crobial effect (Szczuko et al.,, 2024).

Understanding the factors that influence the stability of organic acids
allows the design of optimal formulations, both in terms of the type of
acid, dosage, and dosage form, so that the distribution and release of
active compounds can be precisely controlled (Adepu and Ramakrish-
na, 2021). This approach is crucial for maintaining beneficial microbiota,
guaranteeing consistent antimicrobial efficacy, and promoting sustain-
able animal growth performance.

Cost and scale of production

Important factors to take into account when implementing organic
acid supplementation in the livestock business are cost and production
scale (Kamal and Ragaa, 2014). Farmers must strike a balance between
biological efficacy and economic efficiency because the cost of supple-
ments is influenced by the active ingredient’s price, the production pro-
cess, and the dosage type (liquid, solid, or microencapsulated) (Rani et al.,
2023). On a small scale, using pure organic acids or simple mixtures may
be very cost-effective and efficient. However, on an industrial scale, using
multi-acid combinations or microencapsulated formulations can result in
significant cost increases even though they offer better distribution and
gradual release in the gastrointestinal tract (Agriopoulou et al., 2023).

The best dosage and application method are also determined by
the production scale. Proper homogenization machinery is necessary for
large-scale farms to blend organic acids into feed evenly, ensuring uni-
form distribution and antibacterial efficacy (Sorathiya et al., 2025). How-
ever, use in drinking water can be more adaptable, but it still needs to be
carefully dose-controlled to ensure that individual cattle consumption is
still beneficial (Kurtz and Feeney, 2020). Cost-benefit analysis shows that
although the initial investment for more stable dosage forms or microen-
capsulation is higher, the long-term benefits in terms of improved growth
performance, reduced mortality, reduced disease incidence, and reduced
dependence on conventional antibiotics can offset these additional costs
(Singh et al., 2010).

Further research is needed to optimize dosage and combination

Even though organic acids have proven to be a successful substitute
for antibiotics in the production of cattle, further investigation is required
to identify the best dosages, combinations, and formulations for differ-
ent species and stages of growth. The variety of livestock reactions to
organic acids is controlled by physiological parameters, gastrointestinal
microbiota, diet, and environmental conditions, so that doses that are

helpful in one species or growth phase may not necessarily apply to other
species or stages (Rowland et al.,, 2018). The types, doses, dosage forms,
and possible synergies with probiotics or prebiotics must all be evaluated
through systematic experimental investigations in order to optimize the
antibacterial activity against infections and promote good gut flora.

Long-term research is also required to evaluate the cumulative ef-
fects on growth performance, feed efficiency, digestive health, and ani-
mal protein output, as well as the safety, tolerance, and potential micro-
bial adaptation to repeated supplementation. Using a multidisciplinary
approach that incorporates field performance testing, metabolomics, and
microbiome investigation will yield more thorough data for creating pre-
cise supplementation programs. The findings of this study can be used
to create useful recommendations for livestock farmers regarding the
choice of acid type, dosage, combination, and application technique. This
will make the use of organic acids in the contemporary livestock industry
more efficient, safe, cost-effective, and sustainable.

To provide a clearer understanding of the limitations and challenges
associated with the use of organic acids in modern livestock systems, Fig-
ure 3 presents a visual summary highlighting the variabilityy of responses
across species, the stability of compounds in feed and the digestive tract,
cost and production scale considerations, and the need for further re-
search.
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Between Livestock and
Environmental Conditions
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r q
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Figure 3. Limitations and challenges in the use of organic acids in livestock
systems.

Conclusion

Organic acids exhibit multifaceted mechanisms in suppressing
pathogenic bacteria, including lowering gastrointestinal pH, disrupting
cell membranes, and inhibiting metabolic enzymes, while maintaining
beneficial microbiota. Its effectiveness has been proven to improve diges-
tive health, growth performance and feed efficiency in various livestock
species, making it a safe and sustainable alternative to conventional an-
tibiotics. The species and growth phase must be taken into consideration
while adjusting the type, dosage, dosage form, and application technique
for industrial use. It is advised that more study be done to determine the
best combinations, interactions with probiotics or prebiotics, and long-
term efficacy in order to optimize the use of organic acid supplements in
contemporary livestock practices.
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