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 Abstract  

The growing global population is driving up demand for animal products. This increase in demand causes 
the industrialized of livestock farms. In industrialized farms where intensive breeding methods are applied, 
calves are separated from their dams immediately after birth and a fed with bottle. Rapid growth of calves is 
aimed in farms where intensive breeding programs are implemented. Antibiotics have been used for many 
years to stimulate growth. However, the resistance of bacteria to antibiotics has had negative effects on both 
human and animal health. In addition, consumers’ awareness and pressure on this issue have led to the ban 
on the use of antibiotics to promote growth and the restriction of their use in treatments. This situation has 
led researchers to conduct study on the use of alternative feed additives. In recent years, studies have been 
conducted on the use of probiotics as an alternative to antibiotics, and these studies are continuing. There are 
differences in information regarding the benefits of probiotics in the first four weeks of life, which is a critical 
period for calves. This review aims to reveal the effects of probiotics use on the growth and health of calves 
during the suckling period. 
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Introduction 
In a dairy cattle farm, cows that comprise the herd are separated due to aging, 
reduced productivity, and various health reasons, including primarily udder 
diseases. To replace these animals, high-yield, healthy heifers must be 
introduced to the herd. This is why the proper breeding and nutrition of female 
calves, especially, is crucial for dairy cattle herds (Tüzemen and Yanar, 2004). 
Female calves should be raised and nurtured in a way that preserves their 
health and well-being for their future milk production. Furthermore, it is 
important to raise male calves in a healthy manner to maximize their meat 
production potential. However, challenges persist in raising both male and 
female calves during their milk-feeding period. In the United States, it has 
been reported that approximately 5-6% of female calves die during the milk-
feeding period (Quigley, 2018). These deaths are attributed to digestive system 
diseases, defined as calf diarrhea, in 32% of cases, respiratory diseases in 14% 
of cases, and a combination of diarrhea and respiratory diseases in 7% of cases 
(Table 1). 
Table 1: Causes of female calf mortality 

Cause of death % 
Digestive system diseases 32.00 
Respiratory diseases 14.10 
Combination of digestive system and respiratory diseases 7.00 
Due to unknown causes 25.00 
Other causes* 13.30 
Unreported 8.6 

Source: Urie et al. (2018), *Calves sold without specifying infection, injury, 
or a specific cause 
Most of these deaths correspond to the first 4 weeks of the suckling period. 
Deaths due to diarrhea are observed at a younger age compared to deaths 
caused by respiratory diseases or unknown reasons. Furthermore, it has been 
reported that at least one case of illness was observed in 33.8% of female 
calves on farms in the United States. Digestive system diseases, defined as calf 
diarrhea, account for 56% of these cases (Urie et al., 2018). The majority of 
gastrointestinal diseases in calves occur within the first 2 weeks of life and this 
is common worldwide. (Quigley, 2018). The development of calves during the 
suckling period significantly affects their future growth, productivity, and 
health. Diarrhea cases that occur during this period suppress calf growth and 
have adverse effects on their age at first calving and milk yield during the first 
lactation (Hadimli, 2020). Antibiotic use in preventing and treating diarrhea 
cases not only reduces the numbers of pathogenic bacteria in the gut flora but 
also non-pathogenic bacteria (Soltan, 2009). Additionally, concerns about 
antimicrobial resistance and the variable effectiveness of antimicrobials in 
preventing and treating diseases have increased the focus on researching 
alternative methods (Smith, 2015). 

The primary effects of feed additives used to support calf growth include an 
increase in resistance against colonization by pathogenic bacteria and 
enhancement of the host's mucosal immunity, resulting in a reduction of the 
pathogen load and improved animal health (Choct, 2009). The intestinal 
microbiota plays a significant role in influencing intestinal health and disease. 
The large intestine, in particular, harbors diverse bacterial populations with 
various functions, including acting as barriers against pathogens and 
macromolecules in the digestive epithelium (Donohue et al., 2002). During 
the suckling period, the intestinal microbial flora of calves affects their health 
and growth. A normal intestinal flora performs functions such as the 
breakdown of carbohydrates and fiber, regulation of lipid intake and 
accumulation in the diet, production of vitamins and short-chain fatty acids, 
stimulation of the immune system, control of intestinal motility, and protection 
of the host from intestinal pathogens (Azarpajouh, 2023). 
Newborn calves' digestive systems are exposed to various microorganisms 
from the external environment, which colonize their intestines (Azarpajouh, 
2023). However, the separation of newborn calves from their mothers 
immediately after birth necessitates artificial feeding with whole milk and 
milk replacers. As a result, calves cannot rapidly acquire the microflora from 
their dams and other cows' saliva and feces. This situation slows down the 
formation of the microflora and may even disrupt the homeostatic balance in 
the intestine (Donohue et al., 2002; Lopes et al., 2021). Disruption of the 
balance of intestinal microbial flora can lead to the colonization of various 
enteric pathogens such as bacteria and viruses in the intestine, resulting in 
diarrhea (Azarpajouh, 2023). The presence of specific bacteria, such as 
Bifidobacterium and Lactobacillus, in calf feces has been found to decrease 
the occurrence of diarrhea during the suckling period, leading to increased 
body weight (Oikonomou et al., 2013). Moreover, it has been noted that 
various genera from the Bifidobacteriaceae family and Bifidobacterium are 
common in healthy calves (Gomez et al., 2017). Appropriate feeding and 
rearing strategies that can alter the intestinal microbial flora of calves in their 
early stages of life in a way that positively influences their health should be 
implemented. This is a critical stage for calves, and it is essential to ensure that 
they receive colostrum in their early days. Colostrum accelerates bacterial 
colonization in the small intestine (Malmuthuge et al., 2015a). Delaying 
colostrum feeding by 12 hours reduces the numbers of Bifidobacteria and 
Lactobacillus in the colon of calves (Fischer et al., 2018). However, the 
intestinal flora in newborns is more flexible and unstable in the early stages of 
life, whereas it becomes more stable and less affected in the later stages of life 
(Malmuthuge et al., 2015b). The use of microbial-based products to 
manipulate the intestinal flora during the suckling period can improve calf 
health (Malmuthuge and Guan, 2017). Probiotics, in particular, are popular 
feed additives for enhancing intestinal health and reducing diarrhea cases in 
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young calves. Probiotics are live microorganisms that, when applied in 
sufficient doses, can modulate the balance and activities of gastrointestinal 
microflora, thus improving the host's health and promoting growth (Retta, 
2016). 
This review aims to describe the effects of probiotic use on the healthy rearing 
of calves in their critical early stages of life. 
Probiotics 
Probiotics are a general product that can be included in the diets of animals to 
enhance performance and/or reduce pathogenic bacteria. While the term 
"probiotic" was not used until 1960 to refer to substances produced by 
microorganisms that promote the growth of other microorganisms, the first 
studies recommending the use of probiotics by bacteria had been conducted. 
Initially, probiotics were defined as "live microbial feed supplements, which 
beneficially affect the host animal by improving its microbial balance in the 
intestinal tract" (Fuller, 1989). In addition, probiotics were described as 
"mono- or mixed cultures of bacteria applied to an animal or human when 
native bacterial characteristics are improved, beneficially affecting the host" 
(Havenaar and Huisin't Veld, 1992). Moreover, probiotics were defined as 
"viable defined microbial preparations or products, which when administered 
in adequate amounts, confer a health benefit on the host" (Markowiak and 
Slizewska, 2017). In recent years, the technical definition of probiotics has 
been expanded to encompass products containing microbes or their final 
products (e.g., fermented dairy products, etc.). Another recommended 
definition for probiotics is "a preparation or product containing a sufficient 
number of live, defined microorganisms, which alter the microflora (by 
implantation or colonization) in a compartment of the host and by that exert 
beneficial health effects in this host" (Schrezenmeir and de Vrese, 2001). 
Probiotics may refer to specific bacterial or fungal species, microbial cultures, 
enzyme preparations, culture extracts, or combinations thereof (Yoon and 
Stern, 1995).  
To enhance intestinal health, promote earlier consumption of concentrated 
feed, and increase growth in preruminant calves, milk or starter feed for young 
calves can be supplemented with probiotics. Bacteria-based probiotics such as 
Lactobacillus spp., Enterococcus spp., and Bacillus spp. are commonly used 
in the nutrition of young calves (Uyeno et al., 2015). 
Bacteria-based probiotics are commonly used to improve intestinal health, 
reduce diarrhea, and promote growth in suckling calves. Some of the 
commonly used bacteria-based probiotics include Lactobacillus spp., 
Bifidobacterium spp., Bacillus spp., and Enterococcus spp. The addition of 
bacteria-based probiotics provides a stable, nutrient-rich environment for 
intestinal flora, limiting pathogen invasion, and thus enhancing host digestive 
efficiency and mucosal immunity (Uyeno et al., 2015; Ma et al., 2018). 
The mechanism of action of probiotics involves several key processes: 
Lowering pH: Probiotic bacteria produce organic acids such as lactic acid, 
acetic acid, and formic acid, which help reduce the pH in the gut (Dhama et 
al., 2008; Broadway et al., 2014). This acidic environment inhibits the growth 
of pathogenic bacteria. 
Preventing Pathogen Attachment: Probiotics play a role in preventing 
pathogenic bacteria from attaching to the intestinal surface and multiplying 
(Bahadıroğlu, 1997; Kocaoğlu Güçlü and Kara, 2009). This interference with 
pathogen attachment is a crucial defense mechanism. 
Stimulating the Immune System: Probiotics stimulate the host's immune 
system, enhancing its ability to defend against infections (Rastall et al., 2005). 
This immune response can be beneficial in fighting off pathogens. 
Increasing Anaerobic Microorganisms: Probiotics can boost the number of 
anaerobic microorganisms in the gut by consuming oxygen in the rumen 
(Kocaoğlu Güçlü and Kara, 2009). This helps create a more favorable 
environment for beneficial microorganisms. 
Early Rumen Development: Some research suggests that probiotics 
contribute to the early development of rumen flora in young ruminants. This 
can lead to improved feed digestibility and help prevent the formation of 
enteropathogens that cause diarrhea (Krehbiel et al., 2003; Wallace and 
Newbold, 1995). 
The combined actions of probiotics help maintain a healthy gut environment, 
enhance the host's defense mechanisms, and promote better nutrient 
utilization, ultimately benefiting the overall health and development of the 
host animal. The mechanisms of action of probiotics are presented in Table 2. 
The effects of probiotics indeed can vary depending on a range of factors, 
including the specific animal species, the type of bacteria used as probiotics, 
the dosage, the duration of use, and environmental conditions. Continuous use 
of probiotics has been reported to enhance their effects in various studies 
(Kurtoğlu et al, 2004; Antunovic et al, 2005). 
While there are various theories regarding the mechanisms of action of live 
probiotics, and they are known to contribute to health by preventing or 
restraining the growth of harmful bacteria in the host's gastrointestinal tract, 
there is no precise mechanism of action established to date. It is believed that 
several factors may be involved in these mechanisms (Burçak and Yalçın, 
2013). 
Research in the field of probiotics is ongoing, and as our understanding of 
these mechanisms continues to evolve, we may gain more insights into the 

specific ways in which probiotics exert their beneficial effects in different 
animal species and under varying conditions. 
Table 2: Mechanism of action of probiotics  

BENEFICIAL 
IMPACT  

MECHANISM OF ACTION 

Contribution to 
lactose 
digestion 

 Probiotics help digest lactose using bacterial lactase, 
an enzyme necessary for lactose digestion. This can 
be particularly useful for individuals with lactose 
intolerance. 

Resistance to 
enteric 
pathogens 

 Probiotics can enhance the immune system's 
response to pathogens. 

 Probiotics change the conditions in the intestinal 
tract, such as pH, short-chain fatty acids, and 
bacteriocins, making it less favourable for 
pathogenic bacteria to thrive. 

 Probiotics may modify toxin binding sites, reducing 
their effectiveness., 

 Probiotics can alter the composition of the gut 
microbiota, favoring beneficial bacteria., 

 Probiotics form aggregates in the intestinal mucosa, 
preventing pathogens from binding and invading.,  

 Probiotics can regulate mucin production, further 
reducing pathogen attachment. 

Preventive 
effect on bowel 
cancer 

 Probiotics may bind to mutagenic substances, 
reducing their harmful effects.  

 Probiotics can block the activity of carcinogens, 
rendering them inactive. 

 Probiotics might inhibit enzymes produced by 
intestinal microorganisms that generate carcinogens.  

 Probiotics bolster the immune system, providing 
defense against cancer development. 

Regulation of 
the immune 
system 

 Probiotics enhance the body's general defense 
mechanisms against infections and tumor formation. 

 Probiotics increase the production of IgA antibodies, 
boost the phagocytic activity of white blood cells, 
and enhance the specific immune response to 
antigens. 

Allergy 
 Probiotics can help prevent the passage of antigenic 

(allergenic) substances into the circulatory system, 
potentially reducing allergic reactions. 

Source: Ceyhan and Alıç, 2012. 
The mechanisms of action of probiotics are multifaceted and can be 
summarized as follows: 
pH Regulation: Probiotics lower the pH in the gastrointestinal tract by 
producing organic acids, especially lactic acid. This acidic environment 
inhibits the growth of bacteria that thrive in neutral or basic conditions.  
Redox Potential: Probiotics lower the redox potential, which prevents aerobic 
pathogens from utilizing oxygen and inhibits their growth.  
Immune System Support: Probiotics have a positive impact on the immune 
system by increasing lymphocyte activity, regulating antibody production, and 
activating phagocyte cells and antigen-specific cells.  
Toxic Substances: Probiotics prevent the proliferation of microorganisms that 
produce toxic ammonia and amines, thereby preventing the accumulation of 
these harmful substances.  
Digestive Function Regulation: Probiotics help improve feed utilization by 
regulating digestive system functions. They also contribute to digestion by 
synthesizing B-group vitamins.  
Enzyme Production: Probiotics produce various enzymes essential for 
digestion, including cellulase, xylanase, lipase, protease, beta-glucanase, and 
amylase. These enzymes work in conjunction with the host animal's digestive 
system enzymes, increasing the digestibility and energy value of feeds 
(Karademir and Karademir, 2003). 
Guillot (2003) outlined two main mechanisms for the effects of probiotics: 
a) Nutritional Effects: These are characterized by the reduction of metabolic 
reactions related to the production of toxic substances, stimulation of natural 
enzymes, production of vitamins, and antimicrobial substances.  
b) Health Effects: These include increased resistance to colonization, 
competition for adhesion to the intestinal surface, and stimulation of the 
immune response. In summary, probiotics play a crucial role in strengthening 
the intestinal barrier, increasing resistance to harmful agents, and directly 
triggering the immune response in the intestinal mucosa (Karademir and 
Karademir, 2003; Guillot, 2003; Kocaoğlu Güçlü and Kara, 2009). These 
multiple mechanisms collectively contribute to the overall health and well-
being of the host animal. 
Effects on the Growth, Performance, and Health of Calves 
Studies on the effects of bacteria-based probiotics on the growth, performance, 
and health of calves yield inconsistent results. While some studies emphasize 
positive effects, others indicate no significant impact. Key findings include: 
Positive Effects: Some studies, such as Ratre et al. (2019), demonstrate that 
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probiotic application has a positive influence on the growth of calves. These 
effects may promote growth. In studies where calf diarrhea cases were high 
(Frizzo et al., 2010; Zhang et al., 2019), probiotics have been observed to have 
a positive impact on growth. It appears to have the potential to support calf 
health and growth. 
Inconsistent Results: Other studies suggest that probiotic application has no 
significant effect on growth. For example, Seifzadeh et al. (2016), Satık and 
Günal (2017), and Vazquez-Mendoza et al. (2020) have obtained different 
results in this regard. 
This inconsistency may be attributed to various factors, including different 
studies addressing a range of variables such as the probiotic strains used, 
dosages, application durations, and possibly environmental factors. 
Additionally, calf age, overall health status, and farm conditions can also 
influence the outcomes. In conclusion, further research is needed to better 
understand the effects of probiotics on the growth and health of calves. It 
should be considered that each probiotic strain and application method may 
yield different results in calves. 
While the effects of bacteria-based probiotics on intestinal health have been 
considered, some researchers have also reported their impact on rumen 
function. Supplementation of Lactobacillus rhamnosus during the first 6 
weeks of the suckling period led to increased microbial diversity within the 
rumen, altering the dominant bacterial composition and increasing bacterial 
counts in rumen fluid (Zhang et al., 2019). This resulted in increased volatile 
fatty acids and microbial protein concentration in the rumen, as well as a 
decrease in rumen pH. However, it should be noted that the improvements in 
rumen function may not be solely attributed to the direct effect of bacteria-
based probiotics but could also be a result of increased concentrate feed intake. 
Probiotics lower the pH of the intestinal content, produce antibacterial 
substances to reduce the amount of ammonia and toxic amines, support the 
immune system, enhance the palatability of feeds, improve the digestion of 
carbohydrates, and aid in the synthesis of vitamins and amino acids. Changes 
in the microbiota of the digestive tract also impact the health of calves, making 
probiotics a valuable tool for manipulating rumen fermentation to improve live 
weight gain and feed utilization (Szabo and Szabo, 2003; Pinloche et al., 
2013). 
The supplementation of lactic acid bacteria has been shown to reduce cases of 
diarrhea in calves during the suckling period (Signorini et al., 2012). However, 
the type of milk or milk replacer fed to the calves plays a significant role in 
the occurrence of diarrhea cases. Calves fed with whole milk tend to 
experience fewer cases of diarrhea compared to those fed with milk replacers 
(Selim and Cullor, 1997). 
Various studies have reported positive effects of supplementing calves with 
different bacterial strains, such as Pediococcus acidilactici, Enterococcus 
faecium, Lactobacillus acidophilus, Lactobacillus casei, and Bifidobacterium 
bifidum (Renaud et al., 2019). While bacterial-based probiotics have been 
associated with positive effects on diarrhea cases, the exact mechanisms 
behind these effects remain not fully understood. Most studies have focused 
on calves during their pre-weaning period. Furthermore, the effects are often 
linked to specific bacterial species used (Newbold et al., 1995). Bacterial-
based probiotics interact directly with the host by modulating the intestinal 
immune system, increasing mucus production by goblet cells, enhancing tight 
junctions, and promoting the regulation of inflammatory responses. Lactic 
acid-producing bacteria can create more favorable conditions for commensal 
microorganisms by lowering intestinal pH. Additionally, bacterial-based 
probiotics can produce and release antimicrobial peptides like bacteriocins in 
the intestinal lumen, which may help reduce the risk of pathogen infections 
(Aragon et al., 2010; Cazzola et al., 2010; Wang et al., 2019). 
The use of probiotic supplements containing Enterococcus faecium M74 in 
calf milk has been observed to have positive effects on calves. These 
supplements improved the live weight and daily live weight gain of the calves. 
Additionally, they significantly improved the fecal scores of the calves and 
reduced the frequency of diarrhea cases. This suggests that probiotics can have 
a positive impact on the intestinal health and digestive system of calves 
(Jatkauskas and Vrotniakiene, 2010). 
Probiotic supplements have been shown to increase the live weight and daily 
weight gain of calves, but they can also lead to an increase in total dry matter 
and calf starter feed consumption, resulting in a decrease in feed efficiency. 
Furthermore, probiotic application can affect rumen fermentation by reducing 
acetate levels and increasing butyrate production. It can also increase the 
bacterial count in feces, leading to a reduction in fecal scores. In addition, 
probiotics can reduce the concentration of malondialdehyde, an oxidative 
stress marker, and enhance the total antioxidant status, which is an indicator 
of the antioxidant defense mechanism. This contributes to the improvement of 
calf health (Wang et al., 2023). This suggests that the addition of probiotics to 
calf milk during the suckling period can enhance calf growth, feed efficiency, 
and overall health. However, the effectiveness of probiotics depends on factors 
such as the dosage used and the composition of bacterial strains in the 
probiotic supplement (Wang et al., 2023). Direct feeding of animals with 
microbials can lead to changes in their intestinal bacterial populations. This 
can enhance resistance to diseases, reduce the spread of pathogens acquired 

through oral routes, improve intestinal immunity, reduce disease symptoms, 
and ultimately improve animal health (Timmerman et al., 2005; Adams et al., 
2008; Wu et al., 2021). 
In some studies, partially replacing milk with probiotic yogurt has been 
implemented, and this application increased dry matter intake, resulting in 
improvements in live weight gain and feed efficiency. Furthermore, it led to 
increased body measurements in calves. Additionally, this approach increased 
the blood lymphocyte ratio, reduced the neutrophil-to-lymphocyte ratio, and 
modulated the immune response (Noori et al., 2016). This indicates that using 
probiotic yogurt as a partial substitute for milk can have positive effects on 
calf growth, feed utilization, and immune system modulation. 
The supplementation of probiotics to calf milk increased daily live weight gain 
and reduced the number of E. coli in feces in some studies, such as Roodposhti 
and Dabiri (2012). However, it did not significantly affect dry matter intake 
or the immune system. While there is sufficient data available to suggest that 
probiotics can improve calf performance and productivity parameters, there 
may not be enough data to support their role in enhancing calf health and 
reducing disease risk (Alawneh et al., 2020). In fact, Karamzadeh-Dehaghani 
et al. (2021) suggested that the impact of probiotic application on calf health 
is insignificant, and it has no significant effects on daily live weight gain and 
the immune system during the milk-feeding period, nor does it affect the 
frequency of calf diarrhea. 
Conclusion 
The use of probiotics in raising calves has been the subject of many studies, 
and research in this area continues. Calves, especially during the critical first 
four weeks of their lives, are highly susceptible to digestive and respiratory 
diseases. Probiotics used during this period can help reduce the incidence of 
digestive system diseases such as calf diarrhea by adhering to the intestinal 
mucosa before pathogenic microorganisms and preventing the attachment of 
pathogenic microorganisms. Additionally, the use of probiotics during the 
suckling period has shown different results in terms of daily live weight gain 
and feed efficiency. Therefore, there is not enough evidence to support the 
claim that probiotics promote calf growth and their use as a replacement for 
antibiotics. The dosage, frequency, and duration of probiotic applications may 
be one reason for the varying results. Thus, more research is needed to 
standardize probiotic applications and provide clear conclusions. 
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