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Abstract: Vaccines are one of the most effective tools for controlling human and animal diseases, yet
their widespread use is limited in developing countries due to high production costs, cold chain
requirements, and the need for trained personnel for administration. Edible vaccines, produced in
transgenic plants, offer a promising alternative by combining biotechnology with immunology. Such
vaccines eliminate the need for refrigeration, enable oral delivery, reduce costs, and allow large-scale
production in locally grown crops. Various plants including bananas, rice, maize, potatoes, tomatoes,
soybeans, and tobacco have been successfully engineered to express antigens against diseases like
measles, cholera, hepatitis B, malaria, HIV, and even cancer and diabetes. These plant-based vaccines
leverage natural bio-encapsulation for gastrointestinal stability and mucosal immunity, making them a
viable strategy for both human and veterinary applications. Despite challenges such as low antigen
expression and stability, advances in plant transformation techniques and molecular farming continue to
strengthen the feasibility of edible vaccines. This innovative approach holds great potential for global
health, particularly in resource-limited regions, by providing a safe, effective, and affordable method
of immunization.
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L. INTRODUCTION
Vaccines are regarded as the main instruments for human and animal health intervention. If the cost of producing
vaccines can be decreased and they can be stored without refrigeration, then their usage can be expanded, particularly in
developing nations. Certain restrictions, such as the cost of vaccines, the requirement for "cold chains" from the
vaccine's manufacturer to the site of use, and the reliance on injection, are obstacles to accessing health care services in
developing nations. Vaccines made from plants are not subject to these restrictions. The goal of ongoing research is to
overcome these constraints by figuring out how to use transgenic plants to make oral (edible) vaccinations. Increased
safety, low-cost mass vaccination programs, and a broader use of immunization for veterinary purposes are all proposed
by plant-derived vaccines.[1].
New methods for producing vaccinations were created in the 1980s with the introduction of contemporary molecular
biology technology. Proteins from harmful bacteria, viruses, or parasites make up these vaccines; often, proteins are not
made by the pathogens themselves, but rather by the expression of the gene encoding the protein in a "surrogate
organism." [2].
The primary drawback of vaccinations is their reliance on cold chain systems, which are utilized to deliver and store
them under carefully monitored circumstances.[3].
Additional restrictions include the possibility of negative reactions, such as those brought on by improper procedures or
reactions that are a natural part of the inoculation.[4].
Similar to subunit preparation, edible vaccines are designed to contain antigen but lack the genes necessary for the
formation of the entire pathogen.[5].
Many human and animal diseases, such as cholera, measles, foot and mouse disease, and hepatitis B and C, are
currently being treated with edible vaccinations.[6].
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Recently, plant-based edible vaccines have been used to produce vaccines. The conversion and synthesis of antigens
into plants, as well as the oral administration of such vaccines to elicit antigen-specific immune responses, are the
primary objectives of plant-based edible vaccines. The expression and purification of vaccines, recombinant proteins,
enzymes, and numerous biopharmaceuticals in a range of plant species, such as potatoes, corn, tomatoes, carrots,
lettuce, and spinach, have recently made extensive use of plant-based expression system platforms and advanced pre-
clinical and clinical evaluation stages. Because of its ease of use and safety, low production costs that enable local
production and minimal processing of plant materials, natural bio-encapsulation, which promotes stability in the
gastrointestinal (GI) tract, and protective immunogenicity at the GI mucosa, oral administration of edible vaccines is the
preferred method of vaccination.[7,8].

II. METHOD OF PREPARATION

2.1. Selection of the Desired Gene and Plant

The main prerequisite for creating edible vaccines is introducing the desired genes into plants and then causing these
modified plants to produce the encoded proteins. Transgenic plants are modified plants that have undergone this
process, which is known as transformation. One of the main elements influencing the success of possible edible
vaccines is the selection of the pathogen of interest's essential epitope area or regions. Low levels of foreign protein
expression in transgenic plants have been a hurdle to the development of edible vaccines. Total soluble protein (TSP)
expression rates range from 0.01% to 2%, which may reduce the immunogenicity of consumable vaccine proteins.[9].

2.2 Plant Transformation

2.2.1. Antigenic Gene Transformation through a Suitable Vector

Since tobacco was transformed, a lot of work has gone into creating effective techniques for genetic transformation and
maximizing the expression of foreign genes in plants.Serum albumin, human a-interferon, human erythroprotein, and
murine IgG and IgA immunoglobulins are among the foreign proteins that have been effectively expressed in plants.
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Numerous attempts to create different antigens and antibodies in plants have been made in recent years. After being
isolated and purified from the plant tissue, antigens or antibodies produced in plants can be given parenterally (for
example, by intramuscular or intravenous injection) or orally as any edible portion of the plant.[10].

Although Agrobacterium-mediated transformation is still the preferred technique for dicots, a general technique for
transforming plants, including monocots, known as the biolistics method, has emerged. The use of potent and organ-
specific plant promoters, the incorporation of ER-targeting and ER-retention signals to target the protein into the
endoplasmic reticulum (ER), the development of an optimal translation start site context, and the modification of
codons to accommodate the expression of prokaryotic genes in plants are additional methods for expressing foreign
genes in plants. To prevent deterioration while cooking, it is preferable to choose a plant whose components can be
eaten raw when producing edible vaccines or antibodies. Therefore, the preferred plants are typically those like
tomatoes, bananas, and cucumbers. Certain virus-based vectors can be employed to express the gene temporarily in
order to produce the products quickly, even though gene expression into the genome permits the material to be
maintained in the form of seeds (Fig. 1.1). This could also have the benefit of enabling very high levels of product
expression, which aren't usually possible in transgenic systems.[11].

III. CHOICE OF HOST PLANT FOR EDIBAL VACCINE

3.1. Banana

Bananas can be grown in tropical climates. This climate is present in the majority of third-world nations. Consequently,
the majority of research is favoring the use of bananas as a vehicle for consumable vaccinations.[12]. One must ensure
that the transgenically modified plant is appropriate for growth in the nations that most need this technology when
contemplating an expression system for a possible vaccine. In 2005, Kumar and associates presented the first report on
antigen expression in bananas. The s gene, which codes for the hepatitis B surface antigen (HBsAg), was converted into
an em bryonic cell of the banana cultivar (cv).

-

Fig.3.1.Banana for vaccine
Bananas are the most commonly employed plant species in the production of edible vaccines. It doesn't need to be

prepared. The proteins did not break down even after cooking. It's cheap in comparison to other plants. Plants that
produce bananas produce HBsAg. The leaf contains antigen.[14]
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3.2. Rice

A cholera vaccine that is edible and made from genetically modified rice. There is a cholera vaccine, but it only offers
temporary protection and needs to be refrigerated.[15]. In an experiment to assess the protective efficacy against
Chlamydophila psittaci by oral immunization, based on transgenic rice expressing Major Outer Membrane Protein
(MOMP), mice were given rice as the expression system to create an edible vaccine. Immunoglobulin G (IgG) and IgA
against Myoprotein were produced in comparable amounts by the mice fed the transgenic rice and the mice fed the
MOMP protein directly together with E. coli heat-labile enterotoxin, B component (LTB).[16].
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Fig 3.2 Rice for Vaccine
Other plant species that have been used to create edible vaccines include rice. Having a high level of antigen
expression and being often utilized in baby food were advantages over other plants.[17].

3.3 Maize
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Fig 3.3.Edible vaccine using maize
A protein from maize plants is utilized to generate the vaccine against the Hepatitis B virus. It doesn't require
refrigeration and is less expensive. After being specifically identified, the cells that expressed the glycoprotein were
employed in immunonization tests. Six groups of sheep were selected to receive the vaccination; each group was given
40 g of non-transformed maize kernels, 0.5 mg, 1 mg, 1.5 mg, and 2 mg of protein, and inactivated rabies vaccine,
respectively.[18].

3.4. Potato

A vaccine made of potatoes to fight the Norwalk virus, also known as the stomach virus, which is contracted by tainted
food and drink. The infection causes diarrhea and excruciating stomach ache.[19]. Another study demonstrated an
immunological response to the Hepatitis B virus utilizing potatoes as the expression system. Significant morbidity and
mortality are caused by the Hepatitis B virus (HBV), despite the availability of safe and effective injectable
vaccinations.[20].
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Fig 3.4. Edibal vaccine using potato
The main benefit of creating edible vaccines from potatoes is how easily they can be modified and distributed. One
major drawback is that warmth denatures antigens, therefore refrigerators are not necessary for storage.[21].

3.5. Tomato

Tomatoes can be used as a vector to create vaccinations against HIV/AIDS, rabies, and anthrax.[22]. Researchers have
successfully produced a transgenic tomato that can be used as an edible vaccine to prevent diphtheria, pertussis, and
tetanus (DPT), a multicomponent illness. The tomato known as "flavr savr" was the first genetically modified product
to be sold commercially. The amount of DPT present in the total soluble fruit protein was estimated using ELISA plate
analysis. A mixture of DPT toxoids, which are found in tomatoes, was administered orally to one set of mice, whereas
wild-type tomato material was given to the negative control.[23].

Fig 3.5. Edible vaccine using Tomato
Vaccines against the bubonic plague, pneumonia, and septicemia were developed using tomatoes. It may be grown in a
variety of conditions and grows quickly.Vitamin A, which is abundant in tomatoes, may strengthen your immune
system. However, it deteriorates swiftly.[24].

3.6 Soyabean

In this study, the endoplasmic reticulum (ER) of soybeans (Glycine max) produced the B-subunit of thermolabile toxin
from E. coli bacteria, producing a total antigen level of up to 2.4 percent of the total soybean seed protein without any
issues after drying for additional processing.[25].
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Fig 3.6. Edible vaccine using soyabean

3.7 Tobacco

After Arntzen and colleagues discovered HBsAg in tobacco, the idea of an edible vaccination gained momentum. In
1990, tobacco was used to create the first edible vaccine, and it was discovered that 0.02 percent of the total soluble leaf
proteins contained recombinant protein, a surface proteln from Streptococcus [26].

Fig 3.7. Edibal Vaccine Using Tobacco
Transgenic tobacco expresses the VP1 protein to shield hens from infectious anemia. A polypeptide linked to hepatitis
B can be produced by tobacco. Additionally, a vaccine against coccidiosis is being developed using it.[27].

IV. ADVANTAGES
4.1 Vaccines that are edible can be consumed like fruits and vegetables.
4.2 Producing in bulk on-site, transporting, and storing it without refrigeration is simple and inexpensive.
4.3 Without refrigeration, they can be kept as seeds, oils, and dehydrated tissue.
4.4 No need for an injection or a qualified medical professional. [28-30].

V. APPLICATION
5.1. Measles
For those who are older than 18 months at the time of vaccination, the currently available vaccine results in 95%
seroconversion. [31,32]. Additionally, research has looked into the possibility of using transgenic carrot plants to
transport viral antigens in order to create a vaccine against measles.[33]. In addition to exhibiting secretory IgA in their
feces, mice given tobacco that expressed MV-H (measles virus haemagglutinin from Edmonston strain) were able to

achieve antibody titers five times the level thought to be protective for people.[34]. Mice glven tobacco that generated
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MV-H (Edmonston strain measles virus haemagglutinin) developed secretory IgA in their feces and antibody titers five
times more than what is thought to be efficacious and preventive for humans.[35].

5.2. Malaria

With 300 to 500 million new cases of infection and 1.5 to 2.7 million fatalities per year, malaria continues to rank
among the leading causes of morbidity and mortality in the globe. Three antigens—merozoite surface protein (MSP) 4
and 5 from Plasmodium falciparum and MSP 4/5 from P. yoelli—are presently being studied for the creation of a plant-
based malaria vaccine.[36].

5.3. Hepatitis B

Mice were used to assess the generation of antibodies after HBs Ag was produced in transgenic potato plants.[37]. A
crucial consideration in the development and administration of vaccines, as well as when introducing new raw animals
given HBsAg potatoes elicited a primary immune response; after a few weeks, booster vaccination administered by the
parent route resulted in a quick recall response that lasted for at least 150 days.[38]. By administering a single sub-
immunogenic parenteral dosage of yeast-derived recombinant HBsAg to mice and then oral transgenic potatoes, the
prime boost technique produced antibodies that peaked at >1,000 mIU/mL right away and remained at >200 mIU/mL
for five months.[39].

5.4 Cancer

To target doxorubicin for lung, colon, ovarian, and breast cancers, soybeans have been genetically modified to produce
monoclonal antibodies.[40]. It has been demonstrated that certain plants may effectively manufacture monoclonal
antibodies, which are effective cancer treatment agents. Monoclonal body (BR-96), for instance, is a potent antidote for
the medication doxorubicin, which causes lung cancer, breast cancer, ovarian cancer, and colon tumors.[41].

5.5 Diabetes

Globally, around 100 million people suffer with diabetes. Type I diabetes, sometimes referred to as juvenile-onset
diabetes or insulin dependent diabetes mellitus (IDDM), typically affects children and young adults and makes up 5—
10% of all diabetes diagnoses in North America. The findings were interesting: whereas 70% of mice who were not
treated acquired diabetes, only 20% of pre-diabetic mice fed transgenic plants did.[42].

5.6 HIV

There has been some initial success splicing the HIV protein into CPMV.[43]. The expression of the Tat protein has
recently been effectively injected into TMV from spinach. Up to 300-500 pg of Tat antigen were found in per gram of
spinach leaf tissue.[44].

VI. CONCLUSION
Edible vaccines offer a safe, cost-effective, and needle-free alternative to conventional vaccines, with the potential to
address global health challenges. While issues like low antigen yield and standardization remain, advances in plant
biotechnology are steadily overcoming these barriers, making edible vaccines a promising tool for future immunization
programs, especially in developing regions.

REFERENCES
[1] Landridge W. Edible vaccines. Scientific Am 2000;283:66—71
[2] Lal P, Ramachandran VG, Goyal R, Sharma R. Edible vaccines: Current status and future. [JJMM 2007;25:93—-102.
[3] Park, K., 2005. Park’s Preventive Social Medicine. Banarsidas Bhanot Publisher, 56: 95-100.
[4] Goldblatt, D. and M. Ramsay, 2003. Immunization in Domestic Animal. Oxford text book of medicine fourth
edition. Oxford University Press, 32(4): 378-396.
[5] Marsa L, Enhancing the benefits of nature, Omni, 16 (1994) 14.
Copyright to IJARSCT [®3#:Z'[=] DOI: 10.48175/IJARSCT-29258
www.ijarsct.co.in ;

436

ISSN \8

| 2581-9429 |}
R\ UARSCT /7




({ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 2, October 2025 Impact Factor: 7.67

[6] Gidding G, Allison G, Brooks D & Carter A, Transgenic plants as factories for biopharmaceuticals, Nat Biotechnol,
18 (2000) 1151-1155.

[7]1 Yusibov V, Streatfield SJ, Kushnir N. Clinical development of plant-produced recombinant pharmaceuticals:
vaccines, antibodies and beyond. Hum Vaccin 2011;7:313-21.

[8] Sohrab SS, Suhail M, Kamal MA, Husen A, Azhar EI. Re cent development and future prospects of plant-based
vaccines. Curr Drug Metab 2017;18:831-41.

[9]Gunn KS, Singh N, Giambrone J, Wu H. Using transgenic plants as bioreactors to produce edible vaccines. J Biotech
Research 2012;4:92-9.

[10] Prakash CS. Edible vaccines and antibody producing plants. Biotechnol Develop Monitor 1996;27:10-3.
[11] Daniell H, Streatfield SJ, Wycoff K. Medical molecular farming: production of antibodies, biopharmaceuticals and
edible vaccines in plants. Trends Plant Sci 2001;6:219-26.

[12]William, S., 2002, A review of the progression of transgenic plants used to produce plant bodies for human usage.
Journal of Young Investigators, 4: 56-61.
[13]KumarGBS,GanapathiTR,RevathiCJ,SrinivasL,BapatVA.ExpressionofhepatitisBsurface antigen in transgenic
banana plants. Planta. 2005;222:484-493.

[14] Qian B, Shen H, Liang W, Guo X, Zhang C, Wang Y, et al. Immunogenicity of recombinant hepatitis B virus
surface antigen fused with preS1 epitope sex pressed in rice seeds. Transgenic Res. 2008;17(4):621-31. doi:
10.1007/s11248 007-9135-6, PMID 17882531.

[15] Thanavala, Y., Y. Yang, P. Lyons, H. Mason and C Arntzen, 1995. Edible vaccine from GM crop; Current and
future status. National Academic Science USA, 92: 358-361.

[16] Zhang XX, Yu H, Wang XH, Li XZ, Zhu YP, Li HX, Luo SJ, Yuan ZG. Protective efficacy against
Chlamydophila psittaci by oral immunization based on transgenic rice expressing MOMPinmice.Vaccine.
2013;31:698-703.

[17] Oszvald M, Kang TJ, Tomoskozi S, Tamas C, Tamas L, Kim TG, et al. Expression of a synthetic neutralizing
epitope of porcine epidemic diarrhea virus fused with synthetic b subunit of Escherichia coli heat labile enterotoxin in
rice endosperm. Mol Biotechnol. 2007;35(3):215-23. doi: 10.1007/BF02686007, PMID 17652785.

[18] Arakawa, T., D. Chong and W. Langridge, 1998. Transgenic plants for the production of edible vaccine and
antibodies for immunotherapy. Nature Biotechnol., 16: 292-297.

[19] Arakawa, T., D. Chong and W. Langridge, 1997. Expression of Choleratoxin B subunitoligomers in transgenic
potato plants, Transgenic, 6: 403-413.

[20] GuanZ-J, GuoB,HuoY-L,GuanZ-P,WeiY-H.Overviewofexpression of hepatitis B surface antigen in transgenic
plants. Vaccine. 2010;28:7351-7362.

[21] Mason HS, Ball JM, Shi JJ, Jiang X, Estes MK, Arntzen CJ. Expression of Norwalk virus capsid protein in
transgenic tobacco and potato and its oral immunogenicity in mice. Proc Natl Acad Sci U S A. 1996;93(11):5335-40.
doi: 10.1073/pnas.93.11.5335, PMID 8643575.

[22] Doshi, V., H. Rawal and S. Mukherjee, 2013. Edible vaccine from crop. Current and future scope. Journal of
Pharmacology Science Innovation, 2(3).

[23] Soria-Guerra ER, Rosales-mendosa S, Marquez-Mercado C, Lopez-Revilla R, Castillo-Collazo R, Alpuche-Solis
GA. Transgenic tomatoes express an antigenic polypeptide containing epi topes of the diphtheria, pertussis and tetanus
exotoxins, encoded by a synthetic gene. Plant Cell Rep. 2007;26:961-968.

[24] Lou XM, Yao QH, Zhang Z, Peng RH, Xiong AS, Wang HK. Expression of the human hepatitis B virus large
surface antigen gene in transgenic tomato plants. Clin Vaccine Immunol. 2007;14(4):464-9. doi: 10.1128/CVI1.00321-
06, PMID 17314228.

[25] Takagi H, Hiroi T, Yang L, Tada Y, Yuki Y, Takamura K, et al. A rice-based edible vaccine expressing multiple T
cell epitopes induces oral tolerance for inhibition of Th2-mediated IgE responses. Proc Natl Acad Sci USA.
2005;102(48):17525-30. doi: 10.1073/pnas.0503428102, PMID 16278301.

[26] Mason HS, Lam DMK, Arntzen CJ (1992) Expression of hepatitis B surface antigen in transgenic plants. Proc Natl
Acad Sci USA 89:11745-11749.

Copyright to IJARSCT [=] 35
www.ijarsct.co.in

[s] DOI: 10.48175/IJARSCT-29258 437

7 1sSN

| 2581-9429 |}
R\ UARSCT /7




( IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 2, October 2025 Impact Factor: 7.67

[27] Hahn B, Jeon I, Jung Y, Kim J, Park J, Ha S, et al. Expression of hemagglutinin neuraminidase protein of
Newcastle disease virus in transgenic tobacco. Plant Biotechnol Rep. 2007;1(2):85-92. doi: 10.1007/s11816-007-0012-
9.

[28]Aryamvally A, Gunasekaran V, Narenthiran KR, Pasupathi R. New strategies toward edible vaccines: an overview.
J Diet Suppl 2017;14:101-16.

[29] Rybicki EP. Plant-made vaccines and reagents for the One Health initiative. Hum Vaccin Immunother
2017;13:2912-7.

[30] van Eerde A, Gottschamel J, Bock R, et al. Production of tetravalent dengue virus envelope protein domain III
based antigens in lettuce chloroplasts and immunologic analy sis for future oral vaccine development. Plant Biotechnol
J2019;17:1408-17.

[31] Centers for disease control and prevention, Global measles control and regional elimination, MMWR Morb Mortal
Wkly Rep, 48 (1999) 1124-1130.

[32] Osterhaus A, Van Amerongen G & Van Binnendijk R, Vaccine strategies to overcome maternal antibody mediated
inhibition of measles vaccine, Vaccine, 16 (1998) 1479-1481.

[33] Marquet- Blouin E, Bouche F B, Steinmetz A & Muller, C.P., Neutralizing immunogenicity of transgenic carrot (
Daucus Carota L) -derived measles virus haemagglutinn, Plant Mol. Biol., 51 (2003) 458-469.

[34] Huang Z, Dry I, Webster D, Strugnell R, Wesselingh S. Plant derived measles virus hemagglutinin protein induces
neutralizing antibodies in mice. Vaccine 2001;19:2163-71.

[35] Huang Z, Dry I, Webster D, Strugnell R, Wesselingh S. Plant-derived measles virus hemagglutinin protein induces
neutralizing antibodies in mice. Vaccine. 2001;19(15-16):2163-71. doi: 10.1016/s0264-410x(00)00390-x, PMID
11228389.

[36] Wang L, Goschnick M W & Coppel R L, Oral immunization with a combination of Plasmodium yoelii merozoite
surface proteins 1 and 4/5 enhances protection against lethal malaria challenge, Infect Immunol, 72 (2004) 6172-6175.
[37] Richter, L., Y. Thanavala, C. Arntzen and H. Mason, 2000. Production of hepatitis B surface antigen in transgenic
plants for oral immunization. National Biotechnology,18: 1167-1171.

[38] Daniell H, Khan M S & Allison L, Milestones in the chloroplast genetic engineering: An environmentally friendly
era in biotechnology, Trends Plant Sci, 7 (2) (2002) 84-91.

[39] Richter LJ, Thanavala Y, Arntzen CJ, Mason HS. Production of hepatitis B surface antigen in transgenic plants for
oral immunization. Nat Biotechnol 2000;18:1167-71.

[40] Prakash, C., 2013. Edible vaccines and antibody producing plants. Biotechnology Develop Monitor, 27: 10-13.
[41] Moffat AS. Exploring transgenic plants as a new vaccine source. Science. 1995;268(5211):658, 660, 660. doi:
10.1126/science.7732373, PMID 7732373.

[42] Ma S-W, Zhao D L, Yin Z Q, Mukherjee R, Singh B et al, Transgenic plants expressing auto antigens fed to mice
to induce oral immune tolerance, Nat Med, 3 (1997) 793-796.

[43] Prakash CS. Edible vaccines and antibody producing plants. Biotechnol Develop Monitor 1996;27:10-3.

[44] Karasev AV, Foulke S, Wellens C, Rich A, Shon KJ, Zwierzynski I, et al. Plant based HIV-1 vaccine candidate:
Tat protein produced in spinach. 2005;23:1875-80

Copyright to IJARSCT [=] 35 438

[s] DOI: 10.48175/IJARSCT-29258
www.ijarsct.co.in ;

ISSN \8

| 2581-9429 |}
R\ UARSCT /7




