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With the ban on antibiotics in the swine industry, the exploration of alternative 
options has highlighted phytobiotics as a promising substitute for antibiotic growth 
promoters, aiming to foster a more sustainable swine industry. Phytobiotics are non-
nutritive natural bioactive components derived from plants that offer numerous 
health benefits. They exhibit antioxidative, antimicrobial, and anti-inflammatory 
effects. Phytobiotics can be utilized in various forms, including solid, dried, ground, 
or as extracts, either in crude or concentrated form. They are characterized by 
low residual levels, a lack of resistance development, and minimal adverse effects. 
These qualities make phytobiotics an attractive choice for enhancing health and 
productivity in swine, presenting them as a viable alternative to antibiotics. While 
there is a general understanding of the effects of phytobiotics, there is still a need 
for detailed information regarding their effectiveness and mechanisms of action in 
practical settings. Therefore, the purpose of this mini review was to summarize the 
current knowledge supporting the roles of phytobiotics and their proposed modes 
of action, with a specific focus on swine.
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Introduction

The growing concerns over the use of antibiotics as growth promoters in livestock feed have 
led to a search for better alternatives that can provide similar effects and performance without 
causing severe negative impacts. In response to this, numerous substances have been studied 
and found to possess good qualities that aid and improve the health and overall growth of 
livestock. These substances play major roles in maintaining normal physiological functions and 
animal health, as well as protecting animals from infectious diseases. One such substance that 
has been identified is termed “nutraceutical” (1). Nutraceuticals refer to substances that are 
produced in a purified or extracted form and administered to animals with the purpose of 
improving their health and well-being (2). This group includes various types of substances such 
as enzymes, synbiotics, organic acids, polyunsaturated fatty acids, and phytobiotics (3, 4).
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Phytobiotics, a specific type of nutraceuticals, are non-nutritive 
plant-derived natural bioactive components that can be used as feed 
additives (5–8). These phytobiotics have been extensively studied for 
their ability to improve the overall growth performance and health of 
animals. Notably, phytobiotics possess several desirable attributes, 
including low residue levels, absence of resistance development, and 
minimal side effects (9–11). These qualities make them a promising 
option for promoting animal health and productivity in a sustainable 
and responsible manner (7, 12–14). To date, over 5,000 different 
dietary phytobiotics have been discovered from a variety of sources 
including fruits, vegetables, legumes, whole grains, herbs, and essential 
oils. It is widely accepted that phytobiotics can be used in various 
forms, such as solid, dried, and ground or as extracts, either in crude 
or concentrated form, in which the accumulation of biologically active 
substances is greatest (15, 16). In general, phytobiotics contain 
essential nutrients, such as carbohydrates, along with other secondary 
components, including essential oils and phenolic compounds. 
Because phytobiotics do not significantly contribute to the intake of 
primary nutrients in animals, the main focus is on the secondary plant 
components as the main ingredients of interest in phytobiotics, even 
though certain polysaccharides can also act as phytobiotics (6, 17, 18). 
Although there are no definitive classification criteria, phytobiotics 
can be classified into 4 different categories based on their origin and 
processing characteristics: (1) herbs (blooming, nonwoody, and 
nonpersistent plants); (2) spices (plants with a strong odor or flavor); 
(3) essential oils (volatile lipophilic components); and (4) oleoresins 
(extracts derived from non-aqueous solutions) (Table 1) (13, 25).

A variety of literature has proven the positive effects of 
phytobiotics, which include several beneficial outcomes. These effects 
encompass enhanced growth of beneficial microbes in the gut, as well 
as antioxidative, antimicrobial, and anti-inflammatory properties (3, 
42). These functional activities of phytobiotics have been attributed to 
various bioactive compounds present in them. These bioactive 
compounds include terpenoids (mono- and sesquiterpenes, steroids), 
flavonoids, alkaloids (in the form of alcohols, aldehydes, ketones, 
esters, and lactones), phenols (tannins), glycosides and glucosinolates 
(17, 43, 44). However, the mechanism action of phytobiotics have not 
been clearly elucidated due to the wide variety of bioactive substances 
present in these plant-derived products. The content and chemical 
composition of active substances in phytobiotics can vary based on 
factors such as the plant part used (seeds, leaves, etc.), geographical 
location, and harvesting season. These variations contribute to the 
complexity of understanding the precise mechanisms by which 
phytobiotics exert their effects (13, 25, 45).

Therefore, the purpose of this mini review was to provide a 
summary of the current knowledge regarding the roles of phytobiotics 
and their proposed modes of action, particularly in swine. Despite the 
complexity of understanding the precise mechanisms of action due to 
the diverse bioactive substances and variations in content and 
composition, the review aimed to consolidate the existing literature and 
shed light on the potential benefits of phytobiotics in swine production.

Effects of phytobiotics on the swine gut 
microbiome

The intestinal health of animals is crucial for their overall health 
and well-being, and it is associated with several aspects, including 

gut microbiome and mucosal barrier. Disturbances in these elements 
can impact animal health. Phytobiotics tend to promote the 
intestinal health in animals by enhancing the functions of these 
elements (46).

The impact of phytobiotics on the gut microbiome has been 
extensively studied because of their significant roles in the health and 
productivity of livestock. Phytobiotics have been found to not only 
alter bacterial proliferation but also influence the composition and 
function of the microbiota (47). Weaned pigs experience stressors 
associated with changes in their feed and environment when they are 
moved from the farrowing room to the nursery facility. These changes 
can hinder the establishment of a stable gut environment. Phytobiotics 
have the potential to enhance the microbial balance in young pigs, 
resulting in improved health and feed efficiency. The presence of 
beneficial gut bacteria during the weaning period is crucial, and plant-
based products can serve as effective means to modulate it (9, 19, 35, 
45). In a study by Deng et  al. (19), polysaccharides derived from 
cassiae seeds have been found to improve the intestinal microflora of 
piglets. In another study by Li et al. (48), when weaned pigs were fed 
a diet supplemented with coix seed, there was a significant increase in 
the populations of Lactobacillus and Bacteroides in the gastrointestinal 
tract. Additionally, there was a reduction in the abundance of 
Prevotellaceae. These findings suggest that the inclusion of coix seed 
in the feed can positively influence the composition of the gut 
microbiota in weaned pigs, promoting a healthier microbial balance. 
Coix seed contains 60% starch, similar to cereals, but the content of 
oil, polysaccharides and protein is higher than cereals, making it an 
enriched medium for gut microbiota. Also, proteins and 
polysaccharides help regulate water transportation, providing the gut 
microbiota with a suitable environment to grow (48). In addition, 
several studies have suggested that gut microbes play a role in 
metabolizing ingested phytobiotics into simpler metabolites. This 
microbial metabolism increases the bioavailability of the phytobiotics, 
leading to enhanced health-promoting effects in the intestine. The gut 
microbiota’s ability to metabolize phytobiotics into bioactive 
compounds highlights the intricate relationship between the host, 
microbiota, dietary components, and underscores the importance of 
considering microbial metabolism in understanding the beneficial 
effects of phytobiotics on intestinal health (49). In a study conducted 
by Fresno Rueda et al. (45), the effects of phytobiotics containing 
polyphenols on weaned pigs were investigated. The study found an 
increase in the abundance of both lactate-producers and lactate-
utilizers in the gut of pigs. Lactate is an important metabolite in the 
gut, as it can suppress the growth of pathogens and can also be utilized 
by the host in the form of propionate. Furthermore, beyond the 
weaning period, phytobiotics continue to play a role in modulating the 
gut microbiota in growing-finishing pigs. For instance, 
supplementation of 1.5% bamboo vinegar powder was found to 
increase the abundance of Firmicutes and Bacteroidetes, two dominant 
bacterial phyla in the gut. This supplementation also promoted the 
richness of Lactobacillus, a beneficial genus, and Thalassospira (34). 
These findings highlight the potential of phytobiotics in shaping the 
gut microbiota composition and promoting the growth of beneficial 
bacteria in weaned and growing-finishing pigs. For sows with garlic 
supplementation, a study by Satora et  al. (35) observed that the 
diversity and richness of the microbial community changed across the 
different taxonomic levels of identification. The study found an 
increase in species-level diversity and richness, while the trend was 
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opposite at the family and genus levels. These findings support the 
idea that phytobiotics may play a role in shaping the gut microbiome 
(Figure 1).

Effects of phytobiotics on the swine 
intestinal barrier function

Phytobiotics also play a role in maintaining intestinal barrier 
function (Figure 1). The integrity of the intestinal barrier depends on 
the interplay between various components, including the adhesive 
mucous gel layer, immunoglobulin A, antibacterial peptides, and 
intercellular tight junctions. Among these components, tight junctions 
are the primary factors that influence the integrity of the intestinal 
barrier. Tight junctions consist of transmembrane proteins, such as 
claudin, occludin, tricellulin, junctional adhesion molecule-A 
(JAM-A), as well as intracellular plaque proteins like zonula occludens 
(ZO) (50). The addition of resveratrol has been documented to 
effectively restore the expression of ZO-2, occludin, JAM-A, and 
claudin, while also alleviating the elevation of plasma 
lipopolysaccharide (LPS)-binding protein levels. Elevated levels of 
LPS-binding protein serve as an indicator of compromised intestinal 

barrier function in the animal (51). In addition, naringenin, a 
flavanone found in citrus fruits, has been shown to increase the 
expression of occludin, JAM-A, and claudin-3 (52). Also, it has been 
known that plant extraction oil (PEO) enhances intestinal mucosa 
growth in weaned pigs, attributing to the mediation of improved 
intestinal integrity and functions (29). In another study by Liu et al. 
(30), administering capsicum oleoresin (CAP) and garlic botanical 
(GAR) was found to increase the expression of genes related to 
membrane integrity in infected weaning pigs. This administration also 
promoted gut mucosa health, leading to improvements in diarrhea 
and clinical immune responses in infected pigs that were given the 
plant extract. Altogether, it has been shown that phytobiotics tend to 
promote the intestinal health of the animal by maintaining the 
intestinal barrier function.

Antimicrobial effects of phytobiotics in 
swine

The antimicrobial effects of phytobiotics have been the subject of 
numerous studies and have consequently been extensively investigated 
(53–55).The majority of these studies have shown that phenolic 

TABLE 1 Classification of phytobiotics and their functional examples addressed in this mini review.

Classification Types Functions References

Herbs Bloomin

Nonwoody

Nonpersistent plants

Improve intestinal microflora Deng et al. (19)

Li et al. (9)

Antimicrobial effects Wang et al. (20)

Antioxidative and anti-inflammatory 

effects

Weber et al. (21)

Esatbeyoglu et al. (22)

Spanier et al. (23)

Wei and Shibamoto (24)

Gheisar and Kim (25)

Filazi et al. (3)

Growth enhancement Davila-Ramirez et al. (26)

Spices Plants with a strong odor

Flavor that are commonly added 

to foods

Growth enhancement Janz et al. (27)

Al-Kassie (28)

Essential oils Volatile lipophilic components Enhance intestinal barrier functions Su et al. (29)

Liu et al. (30)

Antimicrobial effects Ahmed et al. (31)

Growth enhancement Li et al. (32)

Manzanil et al. (33)

Oleoresins Extracts derived from non-

aqueous solutions

Improve intestinal microflora Qu et al. (34)

Satora et al. (35)

Antimicrobial effects Vasconcelos et al. (36)

Girard et al. (37)

Fu et al. (38)

Growth enhancement Yang et al. (39)

Davila-Ramirez et al. (26)

Yan et al. (40)

Marcin et al. (41)
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components, such as thymol, carvacrol, limonene, geraniol, 
phenylpropane, and citronellal, are among the most potent 
antimicrobials (3). When it comes to the mechanisms of action, the 
variation in the composition of phytobiotic components has been 
found to significantly impact the way they act (56, 57). Nevertheless, 
the antimicrobial effects of phytochemical feed additives, in general, 
can be  attributed to four different modes of action that are: (1) 
destruction of cell wall structure; (2) inhibition of cell wall synthesis; 
(3) inhibition of nucleic acid synthesis, and (4) interfering with protein 
synthesis (58). According to Wang et  al. (20), an overview of 
antimicrobial mechanisms of ginseng revealed several modes of 
action. These include disrupting biofilm formation, destroying mature 
biofilms, altering lipid bilayers, and creating pores in the bacterial cell 
wall membrane. In addition to the mentioned antimicrobial 
mechanisms of ginseng, it has also been found to inhibit the efflux of 
antibiotics, which reduces the likelihood of drug resistance 
development in microbes. Furthermore, cinnamon extracts have been 
documented to exhibit antimicrobial activity through various 
mechanisms, including the disruption of cell membrane, inhibition of 
ATPases, interference with cell division, and inhibition of biofilm 
formation (36). Several studies also have reported that thymol 
possesses the ability to integrate into the polar-head group region of 
the lipid bilayer. This integration leads to the modification of the 
structural integrity and fluidity of the membrane through hydrogen 
bonding and hydrophobic interactions (59, 60).

When phytobiotics are used in swine, their antimicrobial effects 
have been proven to yield positive results. Essential oils have 
demonstrated effective antimicrobial activities when utilized in 
conjunction with organic acids (61). Zhou et al. (61) reported that the 
combination of essential oils (such as carvacrol or thymol) with acetic 
acid or citric acid exhibited better efficacy against Salmonella 
typhimurium compared with using individual essential oils or organic 
acids alone. Another study by Ahmed et al. (31) reported a decrease 
in the count of fecal Salmonella and Escherichia coli (E. coli), as well as 
a reduction in diarrhea scores, when benzoic acid and thymol were 
fed to the swine. The mechanism behind this synergism is still unclear. 
However, it is well-documented that phenols present in essential oil 
can alter the structure and functions of the bacterial cell membrane. 
This alteration leads to swelling, resulting in increased membrane 

permeability, and consequently, heightened susceptibility of bacteria 
to organic acids (62). Enterotoxigenic E. coli is considered as one of 
the primary causes of diarrhea in weaning piglets. A study by Girard 
et al. (37) showed promising result on supplementation of 2% chestnut 
extract (CE) immediately after weaning instead of antibiotics, 
improving growth performance, and reducing the occurrence of post-
weaning diarrhea (PWD) caused by Enterotoxigenic E. coli (ETEC 
F4). In another study, Chang et al. (63) conducted a study to explore 
the effects of different combinations of phytogenic feed additives 
(PFA) on pigs infected with E. coli. Among the numerous 
combinations studied, the mixture of bitter citrus extract, thymol, and 
carvacrol demonstrated the most effective results in terms of 
enhancing immune response, intestinal morphology, and tight 
junction expression. In a study by Fu et al. (38), administration of 
baicalin-aluminum complex (BBA) altered the composition of the gut 
microbiome, leading to a significant reduction in the frequency of 
diarrhea in piglets. Additionally, supplementation with Scutellaria 
baicalenis extracts (SBE) has been demonstrated to effectively reduce 
the incidence of diarrhea in weaning piglets and decrease the 
expression of inflammatory cytokines by inhibiting the NF-kB and 
P38 signaling pathways (64). Overall, these studies demonstrate that 
phytobiotics can be utilized as potential alternatives to antimicrobial 
agents in swine (Figure 1).

Antioxidative and anti-inflammatory effects 
of phytobiotics in swine

The antioxidant and anti-inflammatory properties of phytobiotics 
are indeed noteworthy and have garnered significant interest 
(Figure  1). The swine industry experiences substantial economic 
losses each year due to various types of oxidative stress. Phytobiotics 
can help mitigate these losses by providing antioxidant support and 
reducing inflammation in swine (65). Oxidative stress refers to a 
significant increase in the production of free radicals, such as reactive 
oxygen species (ROS) and reactive nitrogen radicals (RNS), within the 
bodies of animals. It can also occur when the capacity to effectively 
eliminate free radicals is reduced, disrupting the balance between 
antioxidation and oxidation processes in the body (66). Studies have 

FIGURE 1

The main effects of phytobiotics in swine production systems.
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identified five primary factors that can trigger oxidative stress in 
swine. These factors include birth, weaning stress, feeding 
environment, mycotoxin presence in feed, and social factors (66). 
Given the detrimental effects of oxidative stress, it is crucial for the 
swine industry to combat this condition. The unregulated production 
of free radicals, such as ROS and RNS, associated with oxidative stress, 
can even trigger inflammation (67, 68).

The antioxidant and anti-inflammatory mechanisms exhibited 
by phytobiotics are largely attributed to their regulation of signaling 
pathways, as highlighted by Li et al. (9). The antioxidant responsive 
element (Nrf2-ARE) signaling pathway plays a vital role in cellular 
response to oxidative stress (69). The transcription factor Nrf-2 
binds with the antioxidant response element (ARE) and initiates the 
activation of a diverse range of genes, including antioxidant enzymes 
and proteins, that provides cellular protection against oxidative 
stress (70). Phytobiotics, thus help activate Nrf-2 pathway, 
upregulating antioxidant enzymes and several protective proteins. A 
number of in vitro and in vivo experiments have indicated that 
oxidative stress can also trigger activation of Nuclear Factor Kappa 
B (NF-κB) pathway. Increased expression level of NF-κB can 
facilitate transcription of multitude of inflammatory genes (71). This 
signaling pathway serves as a principal regulator of inflammation 
(72). NF-κB is a transcriptional factor that plays an important role 
in many critical physiological responses, including the inflammatory 
response (73). This pathway is responsible for expression of genes 
encoding many pro-inflammatory cytokines and chemokines (74). 
NF-κB activation leads to tissue alternations indicative of 
inflammation (9). In relation to the above mentioned information, 
the findings of Wang et al. (72) showed that traditional Chinese 
medicine (TCM) I  and II, comprised of several kinds of plant 
derivatives, can improve antioxidative and anti-inflammatory 
capabilities in liver of piglets via activation of the Nrf2 pathway. In 
addition, curcumin, a compound presented in turmeric, has been 
shown to have anti-inflammatory and antioxidant activities, capable 
of scavenging free radicals and facilitating antioxidant functions 
through the Nrf2 signaling pathway (21, 22). Another compound, 
resveratrol, obtained from grapes and wine, was also found to lessen 
inflammation, and regulate redox homeostasis (23). In cells, redox 
homeostasis is the balance between generation and elimination of 
ROS/RNS (75). A study by Cao et al. (76) showed that resveratrol 
was effective in improving the redox status, decreasing mitochondrial 
damage, and promoting mitophagy in piglets injected with diquat. 
Plant species such as coriander, ginger, curcuma as well as those rich 
in flavonoids (in green tea) and anthocyanins (in various fruits) have 
antioxidant activities (24, 25). Studies showed black pepper, red 
pepper and chilli also possess antioxidant properties, however, most 
of these plants are restricted from being added specially in swine 
feed because of the pungent smell and taste of the active substances 
of these plants (3).

Growth enhancement by phytobiotics in 
swine

With the ban of antibiotic growth promoters (AGPs), phytobiotics 
have emerged as promising alternative feed additives, as noted by 
Valenzuela-Grijalva et al. (58). Various studies have demonstrated the 
potential growth-promoting effects of phytobiotics, although the 

precise mechanisms underlying their role as growth enhancers have 
not been fully elucidated (Figure 1). However, it has been suggested 
by Valenzuela-Grijalva et  al. (58) that phytobiotics may promote 
growth through several different ways. These includes: (1) through 
improvement of feed status and feed consumption by increasing flavor 
and palatability; (2) enhancement in nutrition digestion and 
absorption; and (3) promotes anabolic activity comparable to that of 
anabolic substances.

Some phytobiotics, when added to feeds, have been shown to 
enhance flavor and palatability, thereby increasing feed intake in 
swine. This improvement in feed intake can ultimately lead to 
improved production performance (28, 77). Janz et al. (27) discovered 
that pigs demonstrated a preference for feed supplemented with garlic 
or rosemary compared to feed supplemented with oregano or ginger. 
However, other studies have indicated that the palatability of feed was 
negatively affected when pigs were fed essential oils extracted from 
fennel and caraway, or from thyme or oregano (78–80).

Phytobiotics improve nutrient digestion and absorption by 
stimulating the secretion of various digestive secretions, including 
saliva, mucus, digestive enzymes, and bile. These enhanced secretions 
contribute to the breakdown and assimilation of nutrients from the 
diet. Furthermore, phytobiotics have been shown to exhibit prebiotic 
activity, promoting the growth and activity of beneficial gut bacteria, 
which further supports efficient nutrient digestion and absorption (7, 
81, 82). Janz et al. (27) and Manzanil et al. (33) conducted studies 
where they observed a stimulating effect on the pancreatic enzymes, 
specifically amylase and trypsin activity, in pigs after the 
administration of cinnamaldehyde and an essential oil blend. These 
findings suggest that these phytobiotics can enhance the activity of 
pancreatic enzymes involved in nutrient digestion, contributing to 
improved nutrient utilization in pigs (25, 33, 83, 84). The increase in 
activity of digestive enzymes facilitates an increment in the gastric 
retention time of ingested feed. This prolonged retention time allows 
for improved digestibility and availability of nutrients. As a result, the 
enhanced enzymatic activity induced by phytobiotics contributes to 
more efficient nutrient digestion and utilization in animals (81). Li 
et al. (32) conducted a study on pigs fed diets supplemented with 
essential oils and observed significant improvements in weight gain, 
as well as digestibility of dry matter and crude protein. They proposed 
that the enhancing intestinal morphology resulting from essential oil 
supplementation contributed to improved nutritional digestibility, 
ultimately leading to better performance in pigs. Similarly, in a study 
by Yang et al. (39), piglets supplemented with rosemary extract (RE) 
exhibited increased villus height and villus height/crypt depth ratio in 
both the jejunum and ileum. These changes in intestinal morphology 
have the potential to positively impact growth performance, nutrient 
digestibility, and overall intestinal health in weaned piglets (32, 39).

In a study by Davila-Ramirez et al. (26), the addition of plant 
extracts (artichoke, beet, celery, garlic, avocado, spinach, oats, and 
parsley) to the diet of pigs resulted in improved average daily gain 
(ADG), average daily feed intake (ADFI), and final live weight (LW) 
under heat stress conditions during the growing to finishing period. 
Similarly, in a study by Yan et al. (40), supplementation with an herbal 
extract mixture (HEM) containing buckwheat, thyme, curcuma, black 
pepper, and ginger resulted in improved growth performance, 
specifically increased ADG and ADFI, in growing pigs compared to a 
non-supplemented control (NC) treatment. However, no significant 
changes in feed conversion ratio (FCR) were observed. Marcin et al. 
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(41) observed a significant improvement in ADG in piglets that were 
administered a diet supplemented with extracts of sage and oregano. 
On the other hand, Ahmed et al. (85) found no significant changes in 
live body weight and ADG in growing-finishing pigs fed a diet 
supplemented with medicinal plants such as pomegranate, ginkgo 
biloba, and licorice, compared with a control group. These studies 
highlight the variable effects of different plant extracts and herbal 
supplementation on growth performance in pigs, underscoring the 
importance of considering various factors when evaluating the efficacy 
of phytobiotics in swine nutrition. These factors include: species 
variation (different plant species have varying compositions of 
bioactive compounds, which can result in different effects on growth 
performance), plant parts and inherited characteristics (the specific 
plant parts used, such as leaves, stems, and roots), their inherent 
characteristics (chemical composition and nutrient content), age of 
plants (the age of plants at the time of harvest can affect the 
concentration and composition of bioactive compounds, and 
potentially influencing their impact on growth performance), timing 
of harvest (the timing of harvest in relation to the plant’s growth stage 
can influence the concentration and potency of bioactive compounds, 
which may affect their efficacy in promoting growth), and dosage 
variations (different dosages of herbs or their extracts can have varying 
effects on growth performance). Taking these factors into account is 
important in understanding the diverse outcomes observed in studies 
investigating the effects of herbs on animal growth performance 
(86–88).

Conclusion

In recent times, the use of phytobiotics as natural growth 
promoters in the swine industry has gained increasing popularity. 
Various studies have demonstrated the potential of phytobiotics to 
exert anti-oxidative, antimicrobial, and anti-inflammatory effects. 
These findings suggest that phytochemicals could serve as a promising 
alternative to antibiotics in swine production, enhancing growth 
performance and health. While there is a general understanding of the 
effects of phytobiotics, there is still a lack of detailed information 
regarding their specific mechanisms of action, and the effectiveness of 
their implementation in practical settings. Therefore, further studies 
are necessary to investigate the modes of action of each type and dose 
of active compound in phytobiotics, as well as their potential 
interactions with other feed constituents. It is also important to assess 
the effects of phytobiotics throughout all phases of pig production to 
draw concrete conclusions regarding their use. By conducting more 

comprehensive research, we  can gain a deeper understanding of 
phytobiotics and their potential benefits, allowing for their optimal 
utilization in swine nutrition and production. This will ultimately 
contribute to improved animal health and performance, as well as 
more sustainable and efficient swine farming practices.
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Glossary

AGPs Antibiotic growth promoters

ADFI Average daily feed intake

ADG Average daily gain

BBA Baicalin-aluminum complex

CAP Capsicum oleoresin

FCR Feed conversion ratio

GAR Garlic botanical

HEM Herbal extract mixture

JAM-A Junctional adhesion molecule-A

LPS Lipopolysaccharide

LW Live weight

NC Non-supplemented control

NF-kB Nuclear factor-kB

PEO Plant extraction oil

PWD Post-weaning diarrhea

RNS Reactive nitrogen radicals

ROS Reactive oxygen species

RE Rosemary extract

TCM Traditional Chinese medicine

ZO Zonula occludens
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