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Abstract 

This chapter highlights the importance of ginseng stem-and-leaf saponins as an adjuvant in the vaccine against Newcastle disease (ND). 
Newcastle is an important poultry disease that causes adverse economic losses to farmers. The satisfactory treatment of viral diseases in 

animals is not available, vaccination is the ultimate tool to control viral diseases. For effective vaccination, some adjuvants are used, which 

enhance the efficacy of the vaccines and, as a result, provide longer immunity. Saponins are one of the naturally derived adjuvants from the 

ginseng plant. It has antioxidants, anti-inflammatory, and immunomodulatory properties. Natural compounds are less expensive and have 
minimal or no side effects. Saponins are obtained from the ginseng root, stem, and leaf through various extraction methods. Then it is studied 

in chickens along with vaccination to check the immune response and antiviral effects. Ginseng stem-and-leaf saponins are effective adjuvants 

when administered orally before vaccination at a dose rate of 5mg/kg, according to studies. There is a need for further studies of ginseng 

stem and leaf saponins-based vaccines in animal models for large-scale application. 
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Introduction 
 

 Poultry is a big industry that has the highest share in meat production (Istiak & Khaliduzzaman, 2022). Viral diseases with special reference 

to ND are devastating the poultry industry. It is caused by the Avian Paramyxovirus 1, owned by the Paramyxoviridae family, and the Avulavirus 
genus (Saeed et al., 2025). The virus is a negative-sense and single-stranded RNA virus and consists of various genotypes under 2 classes 

(classes 1 and 2) (Mossie & Wondie, 2022). This virus includes various proteins, i.e., fusion, hemagglutinin-neuraminidase, matrix, large RNA 

polymerase, phosphoprotein, and nucleoprotein (Wang et al., 2024). The fusion protein is the main pathogenic part of the virus (Zhang et al., 

2023). This virus causes disturbance of nervous, gastrointestinal, and respiratory systems (Zhang et al., 2023). It transfers through direct 

contact with aerosols and by indirect contact via infected premises, feed, water, and feces (Brown et al., 2021). Virulent strains of the ND virus 
caused many outbreaks and panzootic throughout the world (Moharam, 2021). 

 The growing threats of Newcastle disease insist that scientists find alternative remedies. Vaccination is the best practice to control viral 

diseases (Hu et al., 2022). Vaccines cause the release of enough antibodies that can protect the body against the disease (Singh, 2021). These 

antibodies entangle antigens, minimize the shedding of viruses, and hence control the transmission of disease (Roth et al., 2022). To enhance 
the efficacy of the concerned vaccines, adjuvants are used, which slowly release the vaccine's active part and provide longer immunity and 

protection against the disease (Zhao et al., 2023). Various oil-based vaccines are used in the poultry industry, but these cause irritation and 

granulomatous swelling at the injection site after administration of vaccines (Akache et al., 2022). It also causes undesirable tissue reactions, 

which disrupt the tissue for a long time. Therefore, the research on potent vaccine adjuvants is the top priority of scientists. The use of plants 
and plant-derived products is gaining importance in the field of animal diseases because of the reduction in drug resistance and its cheap 

sources (Ajose et al., 2022). Large-scale medical practitioners use herbal oils and extracts to cure diseases. Various studies prove the use of 

herbal oils and extracts as prophylactic agents and antiviral agents in the feed of animals (Chaachouay & Zidane, 2024).  

 Various natural plant-derived components like chitosan, carboxymethyl cellulose, saponins, neem extracts, dextran, hyaluronic acid, 

alginate, pectin, liposome, and numerous proteins are used in the advanced technology to get up-to-date and best adjuvant (Selvaraj et al., 
2024; Velhal et al., 2024). The plant extracts are composed of various organic substances that support positive performance in poultry (Abd 

El-Hack et al., 2022). Ginseng is a perennial plant and is well familiar with its medicinal properties (Potenza et al., 2023). It lessens pathological 

conditions, protects from harmful diseases, and enhances health (Flagg, 2021). Ginseng consists of many ingredients, among which saponin is 

the active ingredient. Saponins obtained from the root, stem, and leaves of Panax ginseng constitute various adjuvant properties when 
administered along with vaccines (El-Sebai et al., 2022; Abbas et al., 2025). In addition to roots, saponins can also be isolated from stems and 

leaves. Saponins produce both cellular and humoral immunity in the chickens against ND (Li et al., 2021). Ginseng stem-and-leaf saponins can 

revive immunity in immunosuppressed birds (Kumar & Yadav, 2022). It can also be synergistically used with other compounds to enhance the 
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immunity in birds, as mentioned in Table 1. In this chapter, we will go through the manufacturing types and chemistry of saponins, the 

mechanism of action, the antiviral, immunomodulatory, adjuvant, and other miscellaneous effects of saponins, future remarks, and limitations. 

 
Method of Preparation Saponins 

 Saponins are a structurally broad class obtained from the ginseng plant, and have numerous biological functions, such as antioxidant, 

immunomodulatory, and antiviral (Geng et al., 2024). Traditionally, the saponins from the Panax ginseng are isolated through various 

techniques, which include heat reflux and Soxhlet extraction (Yang et al., 2021). These methods are time-consuming and have a small extraction 
efficiency. Several advanced procedures are present that use high pressure and high temperature (Wu et al., 2024). These advanced techniques 

are supercritical fluid, microwave-assisted, pulse-electric field, and ultrahigh-pressure extraction (Herzyk et al., 2024). The last one is very 

quick, it does the extraction in a few minutes. 

 
Mechanism of Action 

 The oral route is the preferred one, as it cannot produce irritation at the injection site. As the mucosal surface is the 1st line of defense 

against invading pathogens, the production of secretory IgA antibodies provides mucosal immunity (Bhat & Aadıl, 2021). Intraepithelial 

lymphocytes promote gut mucosal immunity. These intestinal lymphocytes are the immunocompetent cells that make cytokines such as 
interleukins and interferons, which help in the surveillance of infected cells by cell-mediated cytotoxicity (Mahapatro et al., 2021; Yao et al., 

2024). After the administration of these adjuvant-based vaccines, no side effects or change in body weight were observed; it is safe to use 

(Wang, 2021). In birds with higher levels of maternal antibodies, the antigen can be neutralized, evoking a lesser immune response (Bhat & 

Aadıl, 2021). This can be checked by the ginseng stem-and-leaf saponins adjuvanted vaccines, which cannot disrupt primary immunity (Zou et 

al., 2024). 
 

Adjuvant Effects of Saponins 

 In 2019, the effects of ginseng stem-and-leaf saponins, in addition to selenium, were assessed against ND virus via intranasal and 

intraocular routes in chickens. The result showed the highest antibody response in chickens against NDV (Ma et al., 2019). Furthermore, in 
2020, to check the natural defense mechanism against NDV, chicken ginseng saponins extract, along with sunflower oil, was used, and the 

result depicted that it is safer to be used against this fatal virus (Alsayari et al., 2021). 

 Through intramuscular immunization, when the antigen is co-injected with saponins, it induces an effective immune response (Chen et 

al., 2023). Via intranasal inoculation, saponins, as adjuvant, depicted their effectiveness in increasing both mucosal and systemic immune 
response (Correa et al., 2022). Saponins increase cytokine production such as IL-1α and β, IL-6, TNF-α, and colony-stimulating factor 

granulocyte-macrophage by innate cells, which then recruit monocytes and neutrophils to the respiratory tract, promoting their ability to take 

up more uptake of antigens (Ratan et al., 2021; Wijesekara et al., 2024). Antigen uptake by epithelial cells of the nasal mucosa is promoted by 

saponin-based adjuvants, the dendritic cells activate both adjuvants and antigens and present them to T-cells (Zhang et al., 2021). After T-cell 

stimulation, B-cell activation takes place, differentiating into plasma cells, B-cells which secrete IgA antibodies to the nasal mucosa, which 
provide a target for respiratory pathogens like Newcastle virus (Milicic et al., 2022).  

 

Immunomodulatory Effects of Saponins 

 In a study, saponins were studied on immunosuppressive chickens, it is administered orally in drinking water before the shot of the 
ND virus. Lipopolysaccharides (LPS) and Con A induced lymphocyte proliferation in the spleen (Yousefpour et al., 2024). This proliferation 

leads to higher numbers of intraepithelial lymphocytes of the intestine (IELi) and immunoglobulin A secreting cell (IgA+ cell s) in the 

intestine and serum. LPS stimulates B lymphocytes while Con A activates T lymphocytes (Sharma et al., 2022). It is not clear whether 

ginseng stem and leaf saponins are involved in increasing the number of B and T cells or enhancing the activities of these lymphocytes (You 
et al., 2022). In the intestine, a huge amount of IgA+ cells is present in lamina propria, which promotes humoral mucosal immunity, while 

IgG triggers systemic immunity (Pracht et al., 2023). Secretory IgA antibodies cover the intestinal epithelium from the enteric pathogens 

and harmful substances like toxins, making a gap between pathogens and their receptors on the intestine, entangle them in mucus, and 

ultimately discharge by mucociliary or peristaltic movement from the body (Deal et al., 2023). IELi is present on the basolateral side of the 
epithelium and consists of gamma delta cells and natural killer cells (NK). These cells attack pathogens if they cross the in testinal epithelium. 

Granules in the cytoplasm are meant for spontaneous cytotoxicity and NK cells’ activity and do surveillance by the production of interferon-

γ (IFN-γ), IL-2, IL-4, and IL-12 (Ham et al., 2022). Hence, the number of IELi by the histology of cells determines the quantity of mucosal 

immunity (Hartady et al., 2021). 

 
Antiviral Effects of Saponins 

 Viruses are infectious parasites that have genetic makeup (DNA or RNA) enclosed inside a proteinaceous coat and can cause man y 

infectious diseases, such as diarrhea, hepatitis, and autoimmune diseases. Rapid viral disease epidemics pose a significant p ublic health 

threat (Chen et al., 2023). So, the resources are directed to the development of antiviral drugs to treat infections. Only a few viruses 
are combated by antiviral drugs; therefore, herbal medicines are considered as new antiviral alternatives (Perera et al., 2021). Ginseng 

extract is an effective immunomodulator for viral infection (Wijesekara et al., 2024). Ginsenosides show both anti-enterovirus and 

antiviral activity against both coxsachievirus and rhinovirus. Moreover, ginsenosides reduce felin e calicivirus titter as well. Two herbs, 

thyme vulgaris and ginseng, along with adjuvant properties with poultry vaccine, also have anti -inflammatory, antioxidant, and immune 
stimulant functions (Alghirani et al., 2022). These antioxidant properties help decrease the toxic effects produced by the drugs (Basiouni 

et al., 2023). 
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Other Effects of Saponins 

 The compounds in the ginseng stem and leaf improve the digestibility of feed, utilize nutrients, and elevate animal production of broilers 

(Zhang et al., 2024). Saponins and flavonoids enhance the immune status and meat quality in quails (Elnaggar et al., 2022). Metabolism and 
absorption of lipids, starch, and other nutrients are pronounced in broilers (Lee et al., 2021). Saponin improves angiogenesis, which promotes 

the regeneration of blood vessels and local protection from hypoxia (Li et al., 2022).  

 

Table 1: Different components, their doses and results 

Component  Dosage Route Time interval  Results References  

Ginseng stem-

and-leaf saponins 

5mg/kg PO in DW 7days High HI titers upon IN Newcastle disease vaccine shock promote the 

immune response 

(Zhai LiJuan et 

al., 2011) 

-do- -do- -do- -do- Upon IM Newcastle disease vaccine shock, higher antibody titers were 

estimated  

(Zhai et al., 

2011) 

-do- -do- -do- -do- immunosuppressed birds by cyclophosphamide administered 
bivalent vaccine of Newcastle disease and avian influenza via SC 

route, specific antibody titers produced, ginseng stem-and-leaf 

saponins can trigger immunity in these birds 

(Yu et al., 2015) 

Ginseng stem and 
leaf saponins + Se 

-do- -do- -do- Adjuvant effects (IL-4 and IFN-γ) were observed as higher antibody 
responses, by administering a bivalent vaccine of Infectious 

bronchitis and Newcastle disease by diluting the components via the 

IN and IO routes 

(Ma et al., 
2019) 

E515D is a ginseng 
stem-and-leaf 

saponin present 

in sunflower oil 

-do- -do- -do- E515D is a fine adjuvant compound, a vaccine of Newcastle disease 
from an emulsion in this compound 

(Yuan et al., 
2020) 

E515D -do- -do- -do- Higher HI titers, IL-4, and IFN-γ (Yuan et al., 
2020) 

Ginseng oil 200mg/l 

of water 

-do- 12 hours/day After 35 days, the 0.1ml shot of NDV strain VIId, IM, showed higher 

HI values, improved 100% mortality, and no presence of viruses in 

trachea and cloaca 

(Hassanin et 

al., 2024) 

PO: per os; DW: drinking water; HI: hemagglutination inhibition; IN: intranasal; Sc: subcutaneous; Se: selenium; IO: intraocular.  
 

Limitations  

 The hydrophobic region of saponin, after interaction with the red blood cell membrane, leads to hemolysis (Oakenfull & Sidhu, 2023). At 

high doses, a saponin-based adjuvant may cause an inflammatory response and cellular damage (Shen et al., 2023). Regarding parenteral 

administration, saponin-based adjuvants are primarily safe to be used; however, somehow associated with adverse effects such as swelling, 
pain, and redness at the injection site (Nguyen et al., 2023). Concerning intranasal immunization, at high doses, saponin-based adjuvants 

induce damage in the respiratory tract, so careful evaluation is required in intranasal vaccines (Chen et al., 2023). Saponins obtained from 

ginseng root are expensive because their harvesting time is 4-6 years, which limits their use in veterinary medicine (Li et al., 2022). But those 

obtained from stem and leaf are less expensive, which is why it is favorable to use them in medicine. 
 

Future Perspectives and Conclusion 

 The saponin compound obtained from sunflower oil, E515D, is highly recommended for study as an adjuvant in vaccines used for food 

animals. The saponins and other natural compounds should be researched further for practical applications on a large scale. Vaccination 
practices should be opted for along with other cheap adjuvants. The study should be carried out on the extraction of saponins from stems and 

leaves of the ginseng plant, which are available easily, so that it can become available at a low cost. Various naturally present compounds should 

be studied as vaccine adjuvants.  

 ND is causing threats to the economy of the country worldwide. Effective vaccination techniques can reduce the disease load. For increasing 

the immunity with the vaccines, innovative adjuvants are being researched. Saponins derived from the ginseng plant are studied by many 
scientists along with vaccination. Effective positive results are obtained when used to immunize against ND. Ginseng stem-and-leaf saponins 

are used with inactivated single or bivalent vaccines to enhance immunity, as depicted by the information in Table 1. Ginseng stems and leaves 

at the dose rate of 5mg per kg before immunization or with vaccine orally are very effective in producing mucosal humoral and lymphocyte 

proliferative immune responses. Saponins are a natural compound and a safe component. It has anti-inflammatory, antiviral, and 
immunomodulatory properties. This compound could be a potent adjuvant for improving the efficacy of vaccines. 
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